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5G India Forum (5GIF)



The 5GIF IEG is one of the independent evaluation groups registered with ITU-R for IMT-2020 candidate radio technology evaluation. This group was formed by the COAI to evaluate the IMT-2020 candidates from the perspective of Indian network deployments. This is a group of operators, OEM’s, universities and individual experts participating in a collaborative manner, in the evaluation of the candidate IMT-2020 technologies of interest. This is a contribution driven activity, with decisions made through a consensus seeking approach.
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	Email: vtiwathia@coai.in  

	Telephone: +91-11-2334-9275



	Technical contact details:

	Email: imt2020@5gindiaforum.in 
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Technical aspects of the work of the Independent Evaluation Group:

What candidate technologies or portions of the candidate technologies this IEG is or might anticipate evaluating?



The 5GIG currently intends to evaluate candidate technologies as per the table below:

		IMT-2020 SUBMISSION



		3GPP

		CHINA

		KOREA

		TSDSI

		ETSI (TC DECT), DECT FORUM

		Nufront



		RIT

		SRIT

		

		

		

		

		



		IMT-2020/14

		IMT-2020/13

		IMT-2020/15

		IMT-2020/16

		IMT-2020/19

		IMT-2020/17

		IMT-2020/18



		✔

		✔*

		✔

		✔

		

		✔*

		





	 * Partial evaluation



Documentation of any additional evaluation methodologies that are or might be developed by the Independent Evaluation Group to complement the evaluation guidelines;



The 5GIF IEG has not used any additional evaluation methodologies in the interim report. It however aspires to provide certain additional results based on the resource availability within the group, between now and the final report submission. If such results are provided, then those scenarios will be properly reported and submitted to WP5D.



The 5GIF IEG can confirm that it has assessed the candidate technologies it intends to evaluate based on Reports ITU-R M.2410, ITU-R M.2411 and ITU-R M.2412
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Background



Based on the information shared with ITU-R WP5D via LS 5D/1304, the intent of 5G India Forum (5GIF) IEG is to evaluate the candidate technologies as per the following table. 



		IMT-2020 SUBMISSION



		3GPP

		CHINA

		KOREA

		TSDSI

		ETSI (TC DECT), DECT FORUM

		Nufront



		RIT

		SRIT

		

		

		

		

		



		IMT-2020/14

		IMT-2020/13

		IMT-2020/15

		IMT-2020/16

		IMT-2020/19

		IMT-2020/17

		IMT-2020/18



		✔

		✔*

		✔

		✔

		

		✔*

		





* Partial evaluation



5GIF utilized the ITU-R Guidelines for evaluation of radio interface technologies for IMT-2020 provided in ITU-R Report M.2412. 





Interim Evaluation Report

This document is an interim evaluation report of the 3GPP RIT candidate technology (IMT-2020/14). This report has evaluation of the 3GPP NR technology and refers the various information from the corresponding 3GPP Specifications (as provided by the proponents), ITU-R submissions and Self-evaluation reports submitted by 3GPP with respect to the IMT-2020/14.



This evaluation is also applicable to other candidate technologies (IMT-2020/13[footnoteRef:1], IMT-2020/15, IMT-2020/16 and IMT-2020/17[footnoteRef:2]) that are technically identical to the 3GPP NR RIT (IMT-2020/14), as identified by WP5D in WP5D-32bis (Buzios). [1:  3GPP NR RIT is a component RIT of the SRIT in IMT-2020/13]  [2:  3GPP NR RIT is the eMBB component of IMT-2020/17] 


 






Chapter 1

Verification of Compliance Templates of candidate Technology





Verification as per Report ITU-R M.2411 of the compliance templates and the self-evaluation for the candidate technology under consideration



[Editor’s note:

• 	Identify gaps/deficiencies in submitted material and/or self-evaluation;

• 	Identify areas requiring clarifications;

• 	General questions

]





At the WP5D-32bis meeting, WP5D has already identified that the candidate submission IMT-2020/14 complies with the requirement in M.2411. 



1. The 5GIF IEG did its independent verification and concluded that the compliance templates are complete and self sufficient

a. The 5GIF IEG did not identify any technical deficiency with their submission.

b. There were a few minor gaps identified in their link budget template documents (submitted as excel documents). The 5GIF IEG has provided link budget documents with this submission which fixes them. However, with those changes the impact to coverage / range of data / control observed are only marginal.

2. The 5GIF IEG found the self-evaluation report submitted by the proponents to be complete and sufficient for us to independently evaluate



The 5GIF hereby recommends for this candidate technology to move further in the IMT process, as previously identified by WP5D.






Chapter 2

Detailed Assessment of compliance Templates of candidate technology





[ Editor Note : 

Assessment as per Reports ITU-R M.2410, ITU-R M.2411 and ITU-R M.2412 for each candidate technology as indicated in A).

1. Detailed analysis/assessment and evaluation by the IEGs of the compliance templates submitted by the proponents per the Report ITU-R M.2411 section 5.2.4;

2. Additional comments in the templates along with supporting documentation for such comments;

3. Analysis of the proponent’s self-evaluation by the IEG;

]



As per the ITU-R Report M.2411, there are three main categories of evaluation methodologies corresponding to the 13 different key Minimum Technical Performance Indicators viz. Analytical, Inspection and Simulation. This report contains separate attachments (refer Chapter 4) for each of the individual methodology, summarized as per below. 



Our final report may add some additional observations on this submission in this chapter.




2.1 Summary of Evaluation Methods 



		Characteristic for evaluation

		High-level assessment method

		Evaluation methodology 

		Related section of Reports
ITU-R M.2410-0 and ITU-R M.2411-0



		Peak data rate

		Analytical

		§ 7.2.2

		Report ITU-R M.2410-0, § 4.1



		Peak spectral efficiency

		

		§ 7.2.1

		Report ITU-R M.2410-0, § 4.2



		User experienced data rate*

		

		§ 7.2.3

		Report ITU-R M.2410-0, § 4.3



		Area traffic capacity

		

		§ 7.2.4

		Report ITU-R M.2410-0, § 4.6



		User plane latency

		

		§ 7.2.6

		Report ITU-R M.2410-0, § 4.7.1



		Control plane latency

		

		§ 7.2.5

		Report ITU-R M.2410-0, § 4.7.2



		Mobility interruption time

		

		§ 7.2.7

		Report ITU-R M.2410-0, § 4.12



		Energy efficiency

		Inspection

		§ 7.3.2

		Report ITU-R M.2410-0, § 4.9



		Bandwidth

		

		§ 7.3.1

		Report ITU-R M.2410-0, § 4.13



		Support of wide range of services

		

		§ 7.3.3

		Report ITU-R M.2411-0, § 3.1



		Supported spectrum band(s)/range(s)

		

		§ 7.3.4

		Report ITU-R M.2411-0, § 3.2



		Average spectral efficiency

		Simulation

		§ 7.1.1

		Report ITU-R M.2410-0, § 4.5



		5th percentile user spectral efficiency

		

		§ 7.1.2

		Report ITU-R M.2410-0, § 4.4



		Connection density

		

		§ 7.1.3

		Report ITU-R M.2410-0, § 4.8



		Reliability

		

		§ 7.1.5

		Report ITU-R M.2410-0, § 4.10



		Mobility

		

		§ 7.1.4

		Report ITU-R M.2410-0, § 4.11





*Analytical for single band and single-layer, Simulation for multi-layer 








2.2 Link Budget Tables



The link budget tables for the candidate technology in IMT-2020/14 for the different channel models being considered is embedded below.



Channel model A:











Channel model B:











Note: the 5GIF evaluation team has identified some minor discrepancies in the link budget tables, when compared with the ones submitted by the proponents. 5GIF will engage the proponents to understand this better and make a final assessment later.



[Editor’s note: the link budget tables can change based on the discussions with the 3GPP proponent]
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This chapter provides templates for the responses that are needed to assess the compliance of a candidate RIT or SRIT with the minimum requirements of IMT-2020. This assessment is independently done based on the characteristic template and 3GPP specification referred in the submission by the proponents.



The compliance templates are:

–	Compliance template for services;

–	Compliance template for spectrum; and,

–	Compliance template for technical performance.



As per the ITU-R Report M.2411, Section 5.2.4, the 5GIF IEG evaluation summary is as below: 

3.1	Services



Note: The below template are from relevant sections from M.2411.



5.2.4.1 	Compliance template for services[footnoteRef:3] [3: 	If a proponent determines that a specific question does not apply, the proponent should indicate that this is the case and provide a rationale for why it does not apply.
] 




		

		Service capability requirements

		Evaluator’s comments



		5.2.4.1.1

		Support for wide range of services

Is the proposal able to support a range of services across different usage scenarios (eMBB, URLLC, and mMTC)?	

[x] YES / No 

Specify which usage scenarios (eMBB, URLLC, and mMTC) the candidate RIT or candidate SRIT can support.(1)



		[x] YES / No 



The 3GPP NR (RIT) supports all the three usage scenarios (eMBB,URLLC and mMTC) through configurable slot types (DL/UL combinations), different bandwidth combinations and schemes to support large number devices for mMTC



		(1)	Refer to the process requirements in IMT-2020/2.










3.2 Spectrum 



5.2.4.2 	Compliance template for spectrum3



		

		Spectrum capability requirements



		5.2.4.2.1

		Frequency bands identified for IMT

Is the proposal able to utilize at least one frequency band identified for IMT in the ITU Radio Regulations?: 	🗹 YES /  NO

Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.



The proponent has identified support for the following bands in their submission.



		NR operating band

		Uplink (UL) operating band
BS receive / UE transmit

FUL_low   –  FUL_high

		Downlink (DL) operating band
BS transmit / UE receive

FDL_low   –  FDL_high

		Duplex Mode



		n1

		1920 MHz – 1980 MHz

		2110 MHz – 2170 MHz

		FDD



		n2

		1850 MHz – 1910 MHz

		1930 MHz – 1990 MHz

		FDD



		n3

		1710 MHz – 1785 MHz

		1805 MHz – 1880 MHz

		FDD



		n5

		824 MHz – 849 MHz

		869 MHz – 894 MHz

		FDD



		n7

		2500 MHz – 2570 MHz

		2620 MHz – 2690 MHz

		FDD



		n8

		880 MHz – 915 MHz

		925 MHz – 960 MHz

		FDD



		n12

		699 MHz – 716 MHz

		729 MHz – 746 MHz

		FDD



		n20

		832 MHz – 862 MHz

		791 MHz – 821 MHz

		FDD



		n25

		1850 MHz – 1915 MHz

		1930 MHz – 1995 MHz

		FDD



		n28

		703 MHz – 748 MHz

		758 MHz – 803 MHz

		FDD



		n34

		2010 MHz – 2025 MHz

		2010 MHz – 2025 MHz

		TDD



		n38

		2570 MHz – 2620 MHz

		2570 MHz – 2620 MHz

		TDD



		n39

		1880 MHz – 1920 MHz

		1880 MHz – 1920 MHz

		TDD



		n40

		2300 MHz – 2400 MHz

		2300 MHz – 2400 MHz

		TDD



		n41

		2496 MHz – 2690 MHz

		2496 MHz – 2690 MHz

		TDD



		n51

		1427 MHz – 1432 MHz

		1427 MHz – 1432 MHz

		TDD



		n66

		1710 MHz – 1780 MHz

		2110 MHz – 2200 MHz

		FDD



		n70

		1695 MHz – 1710 MHz

		1995 MHz – 2020 MHz

		FDD



		n71

		663 MHz – 698 MHz

		617 MHz – 652 MHz

		FDD



		n75

		N/A

		1432 MHz – 1517 MHz

		SDL



		n76

		N/A

		1427 MHz – 1432 MHz

		SDL



		n77

		3300 MHz – 4200 MHz

		3300 MHz – 4200 MHz

		TDD



		n78

		3300 MHz – 3800 MHz

		3300 MHz – 3800 MHz

		TDD



		n79

		4400 MHz – 5000 MHz

		4400 MHz – 5000 MHz

		TDD



		n80

		1710 MHz – 1785 MHz

		N/A

		SUL 



		n81

		880 MHz – 915 MHz

		N/A

		SUL 



		n82

		832 MHz – 862 MHz

		N/A

		SUL 



		n83

		703 MHz – 748 MHz

		N/A

		SUL



		n84

		1920 MHz – 1980 MHz

		N/A

		SUL



		n86

		1710 MHz – 1780 MHz

		N/A

		SUL







Inference: Thus, the proponents RIT has support for bands identified for IMT-2020.

Note 1: The evaluation group made use of 3GPP TS 38.104 for this inference

Note 2: Text highlighted in blue are possible candidate bands in India, and the 5GIF Evaluation will prioritize our studies on them



		5.2.4.2.2

		Higher Frequency range/band(s)

Is the proposal able to utilize the higher frequency range/band(s) above 24.25 GHz?:	🗹YES / 	 NO

Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.

NOTE 1 – In the case of the candidate SRIT, at least one of the component RITs need to fulfil this requirement.



The proponent has identified support for the following bands in their submission.



		NR operating band

		Uplink (UL) and Downlink (DL) operating band
BS transmit/receive
UE transmit/receive 

FUL_low   –  FUL_high

FDL_low   –  FDL_high

		Duplex Mode



		n257

		26500 MHz – 29500 MHz

		TDD



		n258

		24250 MHz – 27500 MHz

		TDD



		n260

		37000 MHz – 40000 MHz

		TDD



		n261

		27500 MHz – 28350 MHz

		TDD







Thus, the proponents RIT has support for bands identified for IMT-2020.

Inference: Thus, the proponents RIT has support for bands identified for IMT-2020.

Note 1: The evaluation group made use of 3GPP TS 38.104 for this inference.
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3.3 Technical Performance



5.2.4.3 	Compliance template for technical performance3



		Minimum technical performance requirements item (5.2.4.3.x), units, and Report
ITU-R M.2410-0 section reference(1)

		Category

		Required value

		Value(2)

		Requirement met?

		Comments
(3)



		

		Usage scenario

		Test environment

		Downlink or uplink

		

		

		

		



		5.2.4.3.1
Peak data rate (Gbit/s)
(4.1)

		eMBB

		Not applicable

		Downlink

		20

		21.1 – 34.98

		✓ Yes

		See Chapter 4 - Analytical Report 



Using multiple CC for bandwidth (500-800 MHz)



		

		

		

		Uplink

		10

		10.8 – 19.0

		✓ Yes

		



		5.2.4.3.2
Peak spectral efficiency (bit/s/Hz)
(4.2)

		eMBB

		Not applicable

		Downlink

		30

		31.7 – 47.9

		 ✓ Yes

		Chapter 4 - Analytical Report 



		

		

		

		Uplink

		15

		18.2 – 22.8

		 ✓ Yes

		



		5.2.4.3.3
User experienced data rate (Mbit/s)
(4.3)

		eMBB

		Dense Urban – eMBB

		Downlink

		100

		

		 Yes
 No

		



		

		

		

		Uplink

		50

		

		 Yes
 No

		








		5.2.4.3.4
5th percentile user spectral efficiency (bit/s/Hz)
(4.4)

		eMBB

		Indoor Hotspot – eMBB

		Downlink

		0.3

		

		 Yes
 No

		











Chapter 4 – Simulation Report



Will be included in the final report



		

		

		

		Uplink

		0.21

		

		 Yes
 No

		



		

		eMBB

		Dense Urban – eMBB

		Downlink

		0.225

		

		 Yes
 No

		



		

		

		

		Uplink

		0.15

		

		Yes
 No

		



		

		eMBB

		Rural – eMBB

		Downlink

		0.12

		

		 Yes
 No

		



		

		

		

		Uplink

		0.045

		

		 Yes
 No

		



		5.2.4.3.5
Average spectral efficiency (bit/s/Hz/ TRxP)
(4.5)

		eMBB

		Indoor Hotspot – eMBB

		Downlink

		9 

		

		 Yes
 No

		



		

		

		

		Uplink

		6.75 

		

		 Yes
 No

		



		

		eMBB

		Dense Urban – eMBB

		Downlink

		7.8 

		

		 Yes
 No

		



		

		

		

		Uplink

		5.4 

		

		 Yes
 No

		



		

		eMBB

		Rural – eMBB

		Downlink

		3.3 

		

		 Yes
 No

		



		

		

		

		

		

		

		 Yes
 No

		



		

		

		

		Uplink

		1.6 

		

		 Yes
 No

		



		

		

		

		

		

		

		 Yes
 No

		



		5.2.4.3.6
Area traffic capacity (Mbit/s/m2)
(4.6)

		eMBB

		Indoor-Hotspot – eMBB

		Downlink

		10

		

		 Yes
 No

		



Will be included in the final report



		5.2.4.3.7
User plane latency
(ms)
(4.7.1)

		eMBB

		Not applicable

		Uplink and Downlink

		4

		0.82 – 3.9

		✓ Yes

		

See Chapter 4 – Analysis Report



Using various TTI duration (mini-slots), flexible UL & DL format and SCS allows to achieve UP latency below 4ms in both FDD & TDD





		

		URLLC

		Not applicable

		Uplink and Downlink

		1

		0.31 – 0.96

		✓ Yes

		See Chapter 4 – Analysis Report



Using various TTI duration (mini-slots), flexible UL & DL format and SCS allows to achieve UP latency below 1ms in both FDD & TDD





		5.2.4.3.8
Control plane latency (ms)
(4.7.2)

		eMBB

		Not applicable

		Not applicable 

		20

		8.5 – 20 

		✓ Yes

		See Chapter 4 – Analysis Report



Using various TTI duration (mini-slots), flexible UL & DL format and SCS allows to achieve UP latency below 1ms in both FDD & TDD





		

		URLLC

		Not applicable

		Not applicable

		20

		6.7 – 10 

		✓ Yes

		See Chapter 4 – Analysis Report



Using various TTI duration (mini-slots), flexible UL & DL format and SCS allows to achieve UP latency below 1ms in both FDD & TDD





		5.2.4.3.9
Connection density (devices/km2)
(4.8)

		mMTC

		Urban Macro – mMTC

		Uplink

		1 000 000 

		1 465 000 – 35 021 000

		✓ Yes

		See Chapter 4 – 

Simulation Report-Connection Density



Corresponds to cells ISD, 1732 m and 500 m, respectively.





		5.2.4.3.10
Energy efficiency
(4.9)

		eMBB

		Not applicable

		Not applicable

		Capability to support a high sleep ratio and long sleep duration

		Yes 

		✓ Yes

		See Chapter 4 –

Inspection Report



For all bandwidth configurations 3GPP NR supports sleep ratio of more than 99% at symbol and slot level





		5.2.4.3.11
Reliability
(4.10)

		URLLC

		Urban Macro –URLLC

		Uplink or Downlink



		1-10−5 success probability of transmitting a layer 2 PDU (protocol data unit) of size 32 bytes within 1 ms in channel quality of coverage edge

		Yes

		✓ Yes

		See Chapter 4 –

Simulation Report-Reliability



3GPP NR supports multiple code rates for which reliable packet transmission targeting 10-5 BLER is possible by allocating different number of PRB’s for the same user



		5.2.4.3.12
Mobility classes
(4.11)

		eMBB

		Indoor Hotspot – eMBB

		Uplink



		Stationary, Pedestrian

		Yes

		✓ Yes

		See Chapter 4 –

Simulation Report-Mobility



		

		eMBB

		Dense Urban – eMBB

		Uplink



		Stationary, Pedestrian,

Vehicular (up to 30 km/h)

		Yes

		✓ Yes

		



		

		eMBB

		Rural – eMBB

		Uplink



		Pedestrian, Vehicular, High speed vehicular

		Yes 

		✓ Yes

		



		5.2.4.3.13

Mobility
Traffic channel link data rates (bit/s/Hz)
(4.11)

		eMBB

		Indoor Hotspot – eMBB

		Uplink

		1.5 (10 km/h)

		1.59 – 2.05

		✓ Yes

		See Chapter 4 – 

Simulation Report-Mobility



The achievable link data rates exceed the ITU requirement over multiple configuration (700 MHz & 4 GHz); duplex schemes (FDD/TDD); LoS/N-LoS



		

		eMBB

		Dense Urban – eMBB

		Uplink

		1.12 (30 km/h)

		1.82 – 2.22

		✓ Yes

		



		

		eMBB

		Rural – eMBB

		Uplink

		0.8 (120 km/h)

		1.18 – 2.90

		✓ Yes

		



		

		

		

		

		0.45 (500 km/h)

		0.92 – 2.39

		✓ Yes

		



		5.2.4.3.14
Mobility interruption time (ms) 
(4.12)

		eMBB and URLLC

		Not applicable

		Not applicable

		0

		0

		✓ Yes

		See Chapter 4 – Analysis Report



3GPP NR supports beam mobility and CA mobility to allow make-before-break resulting into 0 ms mobility interruption time



		5.2.4.3.15
Bandwidth and Scalability
(4.13)

		Not applicable

		Not applicable

		Not applicable

		At least 100 MHz

		100 MHz and more

		✓ Yes

		See Chapter 4 – Inspection Report



3GPP NR supports different component carrier bandwidth from 5 MHz to 100 MHz (in FR1), and allows up to 16 component carrier aggregation



		

		

		

		

		Up to 1 GHz

		1 GHz and more

		✓ Yes

		See Chapter 4 – Inspection Report



3GPP NR supports different component carrier bandwidth from 50 MHz to 400 MHz (in FR2), and allows up to 16 component carrier aggregation



		

		

		

		

		Support of multiple different bandwidth values(4)

		Supported

		✓ Yes

		



		(1) 	As defined in Report ITU-R M.2410-0.

(2) 	According to the evaluation methodology specified in Report ITU-R M.2412-0.

(3)	Proponents should report their selected evaluation methodology of the Connection density, the channel model variant used, and evaluation configuration(s) with their exact values (e.g. antenna element number, bandwidth, etc.) per test environment, and could provide other relevant information as well. For details, refer to Report ITU-R M.2412-0, in particular, § 7.1.3 for the evaluation methodologies, § 8.4 for the evaluation configurations per each test environment, and Annex 1 on the channel model variants.

(4)	Refer to § 7.3.1 of Report ITU-R M.2412-0.
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Detailed Evaluation Report of IMT-2020/14 (3GPP NR RIT)

This chapter provides the details of the evaluation and 5GIF findings on the 3GPP RIT candidate IMT-2020/14.





1. Analysis Report









2. Inspection Report











3. Simulation Report

[Editor Note – Insert/Embed Simulation Report for Spectral Efficiency]



		Connection Density

		Mobility

		Reliability

		Spectral Efficiencies



		



		



		



		

Work in progress









   




Chapter 5

Verification & Assessment of Submission of other candidate Technologies  

[ 

Editor Note : 

5GIF Observations on other candidate technologies



1. gaps/deficiencies in submitted material and/or self-evaluation;

2. Identify areas requiring clarifications;

3. Analysis/assessment and evaluation the compliance templates submitted by the proponents per the Report ITU-R M.2411 section 5.2.4;

4. Additional comments to the compliance templates  

5. Analysis and Observations of the proponent’s self-evaluation

]






Conclusion



The simulation-based performance evaluation remains work under progress. This will be completed in time for WP5D#34, when WP5D needs the final report. Once this is completed, the 5GIF will be able to make a complete recommendation of IMT-2020 candidate technologies of our interest.
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LB for 3GPP 5G NR  RIT ChA - 5GIF.xlsx




LB for 3GPP 5G NR RIT ChA - 5GIF.xlsx

General note


			General notes


			1. Item "(1bis) Number of transmit antenna ports" is added, which indicates the number of transmit antenna ports for the transmission link. One transmit antenna port may map to 1 or multiple transmit antenna elements. Beamforming is assumed for the transmit antenna element(s) that generate one transmit antenna port, which results in transmitter array gain. 
2. Item "(5) Transmitter array gain" is calculated as 10*log10( (1)/(1bis) )
3. Item "(10bis) Number of  receive antenna ports" is added, which indicates the number of receive antenna ports for the transmission link. One receive antenna port may map to 1 or multiple transmit antenna elements. Beamforming is assumed for the receive antenna element(s) that generate one receive antenna port, which results in receive array gain. 
4. Item "(11bis) Receiver array gain" is added. It is calculated as 10*log10( (10)/(10bis) )
5. For Urban Macro - mMTC test environment, item "(15a/b) Receiver interference density" is assumed to be -177dB due to the assumption of low cell load when the large coverage area of  mMTC is considered.
6. If item "(30a/b) Maximum range" exceeds the maximum supportable range of the channel model defined in Report ITU-R M.2412, the item "(30a/b) Maximum range" will be given by the  maximum supportable range of the related  channel model. As a consequence, item "(31a/b) Coverage Area" will be calculated by the maximum supportable range.
7. In applying the link budget template, it was noted that the template calculates valuations for the control channel and the data channel separately.  In particular, it was necessary to provide separate values for the data channel and the control channel in the following entries: cell area reliability, items 15, 16, 17, 18 and 25 for the reason that the control channel link budget is based on a set of different parameters from those for the data channel, e.g. the bandwidth, cell area reliability, receiver interference density, shadow fading margin, etc.  Therefore we have provided an “a) (control channel)” and “b) (data channel)” set of answers for these values even though the ITU-R template did not specifically request separate values for these items.





			Other Remarks


			This final version is based on the initial link budget templates provided to WP 5D#31. For the results with existing configurations, the updates are marked by purple color. For the results of new configurations (e.g. frame strcture, LOS/NLOS), the updates are marked by orange color.








InH-eMBB (4GHz, NR DDDSU)


			Item			DL						UL


						NR PDSCH 
(NLOS)			NR PDCCH 
(30 kHz)
(NLOS)			NR PUSCH
(NLOS)			NR PUCCH
 (NLOS)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00


			BS antenna heights (m)			3.00			3.00			3.00			3.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			128000.00			-			4000.00


			Transmission bit rate for data channel (bit/s)			13952028.00			-			1114560.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			1.00			-			1.59			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS			NLOS


			UE speed (km/h)			3.00			3.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			32.00			32.00			2.00			2.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			9.00			9.00			20.00			20.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			24.05			24.05			23.01			23.01


			(4) Transmitter antenna gain (dBi)			5.00			5.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			12.04			12.04			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			38.09			38.09			22.01			22.01


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			38.09			38.09			22.01			22.01


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			4.00			4.00			32.00			32.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			5.00			5.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			3.01			3.01			12.04			12.04


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-174.00			-			-174.90


			(15b) Receiver interference density for data channel (dBm/Hz) 			-174.00			-			-174.90			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-166.21			-			-168.01


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-166.21			-			-168.01			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			2880000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-93.57			-			-112.44


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-93.57			-			-103.41			-


			(19a) Required SNR for the control channel (dB) 			-			-7.40			-			-7.60


			(19b) Required SNR for the data channel (dB) 			5.20			-			11.80			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-98.97			-			-118.04


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-86.87			-			-90.11			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			140.07			-			157.09


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			127.97			-			129.16			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			4.00			4.00			4.00			4.00


			Penetration Loss std deviation (dB)(ii)


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			2.80			-			2.80


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			0.91			-			0.91			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			0.00			0.00			0.00			0.00


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			136.27			-			151.29


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			126.06			-			125.25			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			401.36			-			892.14


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			233.20			-			223.37			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			506075.97			-			2500446.46


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			170852.83			-			156748.95			-
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InH-eMBB (4GHz, NR DSUUD)


			Item			DL						UL						DL						UL


						NR PDSCH (NLOS)			NR PDCCH (NLOS)			NR PUSCH (NLOS)			NR PUCCH (NLOS)			NR PDSCH (LOS)			NR PDCCH (LOS)			NR PUSCH (LOS)			NR PUCCH (LOS)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00


			BS antenna heights (m)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			64000.00			-			4000.00			-			64000.00			-			4000.00


			Transmission bit rate for data channel (bit/s)			13952028.00			-			1114560.00			-			13952028.00			-			1114560.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			1.35			-			1.78			-			1.35			-			1.78			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS			NLOS			LOS			LOS			LOS			LOS


			UE speed (km/h)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			32.00			32.00			2.00			2.00			32.00			32.00			2.00			2.00


			(1bis) Number of  transmit antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			9.00			9.00			20.00			20.00			9.00			9.00			20.00			20.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			24.05			24.05			23.01			23.01			24.05			24.05			23.01			23.01


			(4) Transmitter antenna gain (dBi)			5.00			5.00			0.00			0.00			5.00			5.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			12.04			12.04			0.00			0.00			12.04			12.04			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			1.00			1.00			3.00			3.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			38.09			38.09			22.01			22.01			38.09			38.09			22.01			22.01


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			38.09			38.09			22.01			22.01			38.09			38.09			22.01			22.01


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			4.00			4.00			32.00			32.00			4.00			4.00			32.00			32.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			5.00			5.00			0.00			0.00			5.00			5.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			3.01			3.01			12.04			12.04			3.01			3.01			12.04			12.04


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			3.00			3.00			1.00			1.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			5.00			5.00			7.00			7.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-174.00			-			-174.90			-			-174.00			-			-174.90


			(15b) Receiver interference density for data channel (dBm/Hz) 			-174.00			-			-174.90			-			-174.00			-			-174.90			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-166.21			-			-168.01			-			-166.21			-			-168.01


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-166.21			-			-168.01			-			-166.21			-			-168.01			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			19080000.00			-			360000.00			-			18360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			1440000.00			-			18360000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-93.40			-			-112.44			-			-93.57			-			-112.44


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-93.57			-			-106.42			-			-93.57			-			-106.42			-


			(19a) Required SNR for the control channel (dB) 			-			-4.80			-			-8.00			-			-9.40			-			-10.20


			(19b) Required SNR for the data channel (dB) 			6.30			-			14.24			-			3.50			-			8.95			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-96.20			-			-118.44			-			-100.97			-			-120.64


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-85.77			-			-90.68			-			-88.57			-			-95.97			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			137.31			-			157.49			-			142.07			-			159.69


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			126.87			-			129.73			-			129.67			-			135.02			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			4.00			4.00			4.00			4.00			3.00			3.00			3.00			3.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			2.80			-			2.80			-			2.98			-			2.98


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			0.91			-			0.91			-			1.72			-			1.72			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			133.51			-			151.69			-			138.09			-			153.71


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			124.96			-			125.82			-			126.95			-			130.30			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			346.44			-			911.32			-			329554.73			-			2768444.52


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			219.95			-			230.25			-			72236.38			-			114023.20			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			377057.06			-			2609115.53			-			341196807132.21			-			24078061607732.5


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			151989.60			-			166550.69			-			16393125480.68			-			40844757739.69			-











InH-eMBB (4GHz, NR DDDSU DDSUU)


			Item			DL						UL


						NR PDSCH 
(NLOS)			NR PDCCH 
(30 kHz)
(NLOS)			NR PUSCH
(NLOS)			NR PUCCH
 (NLOS)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00


			BS antenna heights (m)			3.00			3.00			3.00			3.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			128000.00			-			4000.00


			Transmission bit rate for data channel (bit/s)			13952028.00			-			1114560.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			1.16			-			2.26			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS			NLOS


			UE speed (km/h)			3.00			3.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			32.00			32.00			2.00			2.00


			(1bis) Number of  transmit antenna ports			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			9.00			9.00			20.00			20.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			24.05			24.05			23.01			23.01


			(4) Transmitter antenna gain (dBi)			5.00			5.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			12.04			12.04			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			38.09			38.09			22.01			22.01


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			38.09			38.09			22.01			22.01


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			4.00			4.00			32.00			32.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			5.00			5.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			3.01			3.01			12.04			12.04


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-174.00			-			-174.90


			(15b) Receiver interference density for data channel (dBm/Hz) 			-174.00			-			-174.90			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-166.21			-			-168.01


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-166.21			-			-168.01			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-93.57			-			-112.44


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-93.57			-			-106.42			-


			(19a) Required SNR for the control channel (dB) 			-			-6.75			-			-7.90


			(19b) Required SNR for the data channel (dB) 			6.46			-			10.34			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-98.32			-			-118.34


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-85.61			-			-94.58			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			139.42			-			157.39


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			126.71			-			133.63			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			4.00			4.00			4.00			4.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			2.80			-			2.80


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			0.91			-			0.91			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			0.00			0.00			0.00			0.00


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			135.62			-			151.59


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			124.80			-			129.72			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			387.62			-			906.49


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			218.09			-			283.31			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			472021.38			-			2581513.34


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			149425.10			-			252165.11			-
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InH-eMBB (4GHz, NR DDDDD DDSUU)


			Item			DL						UL


						NR PDSCH 
(NLOS)			NR PDCCH 
(30 kHz)
(NLOS)			NR PUSCH
(NLOS)			NR PUCCH
 (NLOS)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00


			BS antenna heights (m)			3.00			3.00			3.00			3.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			128000.00			-			4000.00


			Transmission bit rate for data channel (bit/s)			13952028.00			-			1114560.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			1.00			-			3.19			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS			NLOS


			UE speed (km/h)			3.00			3.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			32.00			32.00			2.00			2.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			9.00			9.00			20.00			20.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			24.05			24.05			23.01			23.01


			(4) Transmitter antenna gain (dBi)			5.00			5.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			12.04			12.04			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			38.09			38.09			22.01			22.01


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			38.09			38.09			22.01			22.01


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			4.00			4.00			32.00			32.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			5.00			5.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			3.01			3.01			12.04			12.04


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-174.00			-			-174.90


			(15b) Receiver interference density for data channel (dBm/Hz) 			-174.00			-			-174.90			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-166.21			-			-168.01


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-166.21			-			-168.01			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-93.57			-			-112.44


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-93.57			-			-106.42			-


			(19a) Required SNR for the control channel (dB) 			-			-7.26			-			-7.80


			(19b) Required SNR for the data channel (dB) 			5.25			-			10.65			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-98.83			-			-118.24


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-86.82			-			-94.27			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			139.93			-			157.29


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			127.92			-			133.32			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			4.00			4.00			4.00			4.00


			Penetration Loss std deviation (dB)(ii)


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			2.80			-			2.80


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			0.91			-			0.91			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			0.00			0.00			0.00			0.00


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			136.13			-			151.49


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			126.01			-			129.41			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			398.38			-			901.68


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			232.58			-			278.68			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			498596.47			-			2554203.15


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			169946.69			-			243986.78			-
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DU-eMBB (4GHz, NR DDDSU)


			Item			DL												UL


						NR PDSCH 
(NLOS)			NR PDCCH 
(NLOS)			NR PDSCH
(NLOS O-to-I)			NR PDCCH 
(NLOS O-to-I)			NR PUSCH 
(NLOS)			NR PUCCH 
 (NLOS)			NR PUSCH 
(NLOS O-to-I)			NR PUCCH 
 (NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00


			BS antenna heights (m)			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			128000.00			-			128000.00			-			4000.00						4000.00


			Transmission bit rate for data channel (bit/s)			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.49			-			0.49			-			0.64			-			0.64			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			30.00			30.00			3.00			3.00			30.00			30.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			128.00			128.00			128.00			128.00			2.00			2.00			2.00			2.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			23.00			23.00			23.00			23.00			20.00			20.00			20.00			20.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			44.07			44.07			44.07			44.07			23.01			23.01			23.01			23.01


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			18.06			18.06			18.06			18.06			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			67.13			67.13			67.13			67.13			22.01			22.01			22.01			22.01


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			67.13			67.13			67.13			67.13			22.01			22.01			22.01			22.01


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			4.00			4.00			4.00			4.00			128.00			128.00			128.00			128.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			3.01			3.01			3.01			3.01			18.06			18.06			18.06			18.06


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			18360000.00			-			360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.35			-			-92.35			-			-105.40			-			-105.40


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.35			-			-92.35			-			-102.45			-			-102.45			-


			(19a) Required SNR for the control channel (dB) 			-			-8.30			-			-8.50			-			-6.80			-			-6.80


			(19b) Required SNR for the data channel (dB) 			-0.10			-			-1.00			-			6.00			-			3.70			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-98.65			-			-98.85			-			-110.20			-			-110.20


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-90.95			-			-91.85			-			-94.95			-			-97.25			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			168.79			-			168.99			-			158.27			-			158.27


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			161.09			-			161.99			-			143.02			-			145.32			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			6.00			6.00			7.00			7.00			6.00			6.00			7.00			7.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			8.07			-			7.56			-			8.07			-			7.56


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			4.85			-			4.48			-			4.85			-			4.48			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			26.25			26.25			9.00			9.00			26.25			26.25


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			150.72			-			134.18			-			138.20			-			121.46


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			146.24			-			130.26			-			126.17			-			111.59			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			1590.72			-			600.38			-			760.49			-			283.67


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1221.73			-			476.58			-			374.48			-			158.64			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			7949488.16			-			1132423.00			-			1816931.77			-			252798.44


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			4689249.49			-			713554.80			-			440566.06			-			79062.62			-
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DU-eMBB (4GHz, NR DSUUD)


			Item			DL												UL												DL												UL


						NR PDSCH (NLOS)			NR PDCCH (NLOS) 			NR PDSCH (NLOS O-to-I)			NR PDCCH (NLOS O-to-I) 			NR PUSCH (NLOS)			NR PUCCH (NLOS)			NR PUSCH (NLOS O-to-I)			NR PUCCH (NLOS O-to-I)			NR PDSCH (LOS)			NR PDCCH (LOS) 			NR PDSCH (LOS O-to-I)			NR PDCCH (LOS O-to-I) 			NR PUSCH (LOS)			NR PUCCH (LOS)			NR PUSCH (LOS O-to-I)			NR PUCCH (LOS O-to-I)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00


			BS antenna heights (m)			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			64000.00			-			64000.00			-			4000.00						4000.00			-			64000.00			-			64000.00			-			4000.00						4000.00


			Transmission bit rate for data channel (bit/s)			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.65			-			0.65			-			0.36			-			0.36			-			0.65			-			0.65			-			0.36			-			0.36			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			LOS			LOS			LOS O-to-I			LOS O-to-I			LOS			LOS			LOS O-to-I			LOS O-to-I


			UE speed (km/h)			30.00			30.00			3.00			3.00			30.00			30.00			3.00			3.00			30.00			30.00			3.00			3.00			30.00			30.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			256.00			256.00			256.00			256.00			2.00			2.00			2.00			2.00			256.00			256.00			256.00			256.00			2.00			2.00			2.00			2.00


			(1bis) Number of antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			44.08			44.08			44.08			44.08			23.01			23.01			23.01			23.01			44.08			44.08			44.08			44.08			23.01			23.01			23.01			23.01


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			21.07			21.07			21.07			21.07			0.00			0.00			0.00			0.00			21.07			21.07			21.07			21.07			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			70.15			70.15			70.15			70.15			22.01			22.01			22.01			22.01			70.15			70.15			70.15			70.15			22.01			22.01			22.01			22.01


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			70.15			70.15			70.15			70.15			22.01			22.01			22.01			22.01			70.15			70.15			70.15			70.15			22.01			22.01			22.01			22.01


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			4.00			4.00			4.00			4.00			256.00			256.00			256.00			256.00			4.00			4.00			4.00			4.00			256.00			256.00			256.00			256.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			3.01			3.01			3.01			3.01			21.07			21.07			21.07			21.07			3.01			3.01			3.01			3.01			21.07			21.07			21.07			21.07


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			19080000.00			-			19080000.00			-			360000.00			-			360000.00			-			18360000.00			-			18360000.00			-			360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.18			-			-92.18			-			-105.40			-			-105.40			-			-92.35			-			-92.35			-			-105.40			-			-105.40


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.35			-			-92.35			-			-102.45			-			-102.45			-			-92.35			-			-92.35			-			-102.45			-			-102.45			-


			(19a) Required SNR for the control channel (dB) 			-			-5.70			-			-5.90			-			-6.00			-			-6.70			-			-9.70			-			-9.70			-			-10.00			-			-10.00


			(19b) Required SNR for the data channel (dB) 			3.00			-			-0.10			-			2.29			-			1.27			-			-0.90			-			-2.50			-			-1.20			-			-1.30			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-95.88			-			-96.08			-			-109.40			-			-110.10			-			-100.05			-			-100.05			-			-113.40			-			-113.40


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-87.85			-			-90.95			-			-98.66			-			-99.68			-			-91.75			-			-93.35			-			-102.15			-			-102.25			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			169.05			-			169.25			-			160.48			-			161.18			-			173.22			-			173.22			-			164.48			-			164.48


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			161.02			-			164.12			-			149.74			-			150.76			-			164.92			-			166.52			-			153.23			-			153.33			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			6.00			6.00			7.00			7.00			6.00			6.00			7.00			7.00			4.00			4.00			7.00			7.00			4.00			4.00			7.00			7.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			8.07			-			7.56			-			8.07			-			7.56			-			6.11			-			8.40			-			6.11			-			8.40


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			4.85			-			4.48			-			4.85			-			4.48			-			3.36			-			5.64			-			3.36			-			5.64			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			26.25			26.25			9.00			9.00			26.25			26.25			9.00			9.00			26.25			26.25			9.00			9.00			26.25			26.25


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			150.98			-			134.44			-			140.41			-			124.37			-			157.11			-			137.57			-			146.37			-			126.83


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			146.17			-			132.39			-			132.89			-			117.03			-			151.56			-			133.63			-			137.87			-			118.44			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			1614.66			-			609.42			-			866.25			-			336.72			-			2316.53			-			732.69			-			1230.63			-			389.23


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1216.03			-			540.00			-			556.37			-			218.57			-			2.1E+169						2.5E+151						4.4E+155						1.6E+136


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			8190541.86			-			1166761.66			-			2357419.22			-			356197.36			-			16858783.82			-			1686512.73			-			4757757.90			-			475954.81


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			4645586.38			-			916084.84			-			972478.76			-			150087.44			-			ERROR:#NUM!			-			1.98222305942922E+303			-			ERROR:#NUM!			-			8.53544848039195E+272			-
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DU-eMBB (4GHz, NR DDDSU DDSUU)


			Item			DL												UL


						NR PDSCH 
(NLOS)			NR PDCCH 
(NLOS)			NR PDSCH
(NLOS O-to-I)			NR PDCCH 
(NLOS O-to-I)			NR PUSCH 
(NLOS)			NR PUCCH 
 (NLOS)			NR PUSCH 
(NLOS O-to-I)			NR PUCCH 
 (NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00


			BS antenna heights (m)			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			128000.00			-			128000.00			-			4000.00						4000.00


			Transmission bit rate for data channel (bit/s)			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.56			-			0.56			-			0.46			-			0.46			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			30.00			30.00			3.00			3.00			30.00			30.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			192.00			192.00			192.00			192.00			2.00			2.00			2.00			2.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			21.20			21.20			21.20			21.20			20.00			20.00			20.00			20.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			44.03			44.03			44.03			44.03			23.01			23.01			23.01			23.01


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			19.82			19.82			19.82			19.82			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			68.86			68.86			68.86			68.86			22.01			22.01			22.01			22.01


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			68.86			68.86			68.86			68.86			22.01			22.01			22.01			22.01


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			4.00			4.00			4.00			4.00			192.00			192.00			192.00			192.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			3.01			3.01			3.01			3.01			19.82			19.82			19.82			19.82


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			18360000.00			-			360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.35			-			-92.35			-			-105.40			-			-105.40


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.35			-			-92.35			-			-102.45			-			-102.45			-


			(19a) Required SNR for the control channel (dB) 			-			-6.65			-			-6.80			-			-7.30			-			-7.60


			(19b) Required SNR for the data channel (dB) 			0.32			-			-1.73			-			0.93			-			0.08			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-97.00			-			-97.15			-			-110.70			-			-111.00


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-90.53			-			-92.58			-			-100.02			-			-100.87			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			168.87			-			169.01			-			160.53			-			160.83


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			162.40			-			164.45			-			149.86			-			150.70			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			6.00			6.00			7.00			7.00			6.00			6.00			7.00			7.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			8.07			-			7.56			-			8.07			-			7.56


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			4.85			-			4.48			-			4.85			-			4.48			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			26.25			26.25			9.00			9.00			26.25			26.25


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			150.80			-			134.20			-			140.46			-			124.02


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			147.55			-			132.72			-			133.01			-			116.97			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			1597.47			-			600.98			-			868.84			-			329.86


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1319.12			-			550.64			-			560.17			-			217.81			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			8017045.87			-			1134670.08			-			2371518.97			-			341832.22


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			5466584.39			-			952541.86			-			985816.02			-			149040.94			-
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DU-eMBB (4GHz, NR DDDDD DDSUU)


			Item			DL												UL


						NR PDSCH 
(NLOS)			NR PDCCH 
(NLOS)			NR PDSCH
(NLOS O-to-I)			NR PDCCH 
(NLOS O-to-I)			NR PUSCH 
(NLOS)			NR PUCCH 
 (NLOS)			NR PUSCH 
(NLOS O-to-I)			NR PUCCH 
 (NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00


			BS antenna heights (m)			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			128000.00			-			128000.00			-			4000.00						4000.00


			Transmission bit rate for data channel (bit/s)			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.49			-			0.49			-			0.64			-			0.64			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			30.00			30.00			3.00			3.00			30.00			30.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			192.00			192.00			192.00			192.00			2.00			2.00			2.00			2.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			21.20			21.20			21.20			21.20			20.00			20.00			20.00			20.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			44.03			44.03			44.03			44.03			23.01			23.01			23.01			23.01


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			19.82			19.82			19.82			19.82			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			68.86			68.86			68.86			68.86			22.01			22.01			22.01			22.01


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			68.86			68.86			68.86			68.86			22.01			22.01			22.01			22.01


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			4.00			4.00			4.00			4.00			192.00			192.00			192.00			192.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			3.01			3.01			3.01			3.01			19.82			19.82			19.82			19.82


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			18360000.00			-			360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.35			-			-92.35			-			-105.40			-			-105.40


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.35			-			-92.35			-			-102.45			-			-102.45			-


			(19a) Required SNR for the control channel (dB) 			-			-7.21			-			-7.35			-			-7.25			-			-7.55


			(19b) Required SNR for the data channel (dB) 			-0.94			-			-1.94			-			3.35			-			2.20			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-97.56			-			-97.70			-			-110.65			-			-110.95


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-91.79			-			-92.79			-			-97.60			-			-98.75			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			169.43			-			169.57			-			160.48			-			160.78


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			163.66			-			164.66			-			147.43			-			148.58			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			6.00			6.00			7.00			7.00			6.00			6.00			7.00			7.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			8.07			-			7.56			-			8.07			-			7.56


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			4.85			-			4.48			-			4.85			-			4.48			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			26.25			26.25			9.00			9.00			26.25			26.25


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			151.36			-			134.76			-			140.41			-			123.97


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			148.81			-			132.93			-			130.58			-			114.85			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			1651.05			-			620.95			-			866.28			-			328.89


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1420.76			-			557.49			-			485.60			-			192.24			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			8563845.96			-			1211346.08			-			2357589.39			-			339824.40


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			6341450.88			-			976403.88			-			740818.38			-			116098.85			-
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Rural-eMBB (700MHz, NR FDD)


			Item			DL												UL


						NR PDSCH
 (NLOS)			NR PDCCH (NLOS)			NR PDSCH
 (NLOS O-to-I)			NR PDCCH  (NLOS O-to-I)			NR PUSCH
 (NLOS)			NR PUCCH
(NLOS)			NR PUSCH
 (NLOS O-to-I)			NR PUCCH
 (NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70


			BS antenna heights (m)			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			64000.00			-			64000.00			-			2000.00			-			2000.00


			Transmission bit rate for data channel (bit/s)			5983200.00			-			5983200.00			-			561600.00			-			561600.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.64			-			0.64			-			0.78			-			0.78			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			120.00			120.00			3.00			3.00			120.00			120.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			64.00			64.00			64.00			64.00			1.00			1.00			1.00			1.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00			1.00			1.00			1.00			1.00


			(2) Maximal transmit power per antenna (dBm)			28.00			28.00			28.00			28.00			23.00			23.00			23.00			23.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			46.06			46.06			46.06			46.06			23.00			23.00			23.00			23.00


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			15.05			15.05			15.05			15.05			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			66.11			66.11			66.11			66.11			22.00			22.00			22.00			22.00


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			66.11			66.11			66.11			66.11			22.00			22.00			22.00			22.00


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			2.00			2.00			2.00			2.00			64.00			64.00			64.00			64.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			0.00			0.00			0.00			0.00			15.05			15.05			15.05			15.05


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			9360000.00			-			9360000.00			-			180000.00			-			180000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9360000.00			-			9360000.00			-			720000.00			-			720000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-95.28			-			-95.28			-			-108.41			-			-108.41


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-95.28			-			-95.28			-			-105.46			-			-105.46			-


			(19a) Required SNR for the control channel (dB) 			-			-7.40			-			-7.50			-			-6.30			-			-6.30


			(19b) Required SNR for the data channel (dB) 			4.10			-			1.40			-			7.30			-			4.70			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-100.68			-			-100.78			-			-112.71			-			-112.71


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-89.68			-			-92.38			-			-96.66			-			-99.26			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			166.79			-			166.89			-			157.76			-			157.76


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			155.79			-			158.49			-			141.71			-			144.31			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			8.00			8.00			8.00			8.00			8.00			8.00			8.00			8.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			10.45			-			8.45			-			10.45			-			8.45


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			6.61			-			5.13			-			6.61			-			5.13			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			12.50			12.50			9.00			9.00			12.50			12.50


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			146.34			-			144.94			-			135.31			-			133.81


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			139.18			-			139.86			-			123.10			-			123.68			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			5943.63			-			5467.81			-			3079.50			-			2816.14


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			3879.00			-			4039.44			-			1487.82			-			1540.15			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			110982084.28			-			93924027.85			-			29792804.26			-			24914853.97


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			47270374.78			-			51261552.59			-			6954251.50			-			7452058.13			-




















Rural-eMBB (700 MHz, NR DSUUD)


			Item			DL												UL												DL												UL


						NR PDSCH 
(NLOS)			NR PDCCH
(NLOS) 			NR PDSCH 
(NLOS O-to-I)			NR PDCCH
 (NLOS O-to-I) 			NR PUSCH 
(NLOS)			NR PUCCH
(NLOS)			NR PUSCH 
(NLOS O-to-I)			NR PUCCH
 (NLOS O-to-I)			NR PDSCH 
(LOS)			NR PDCCH
(LOS) 			NR PDSCH 
(LOS O-to-I)			NR PDCCH
 (LOS O-to-I) 			NR PUSCH 
(LOS)			NR PUCCH
(LOS)			NR PUSCH 
(LOS O-to-I)			NR PUCCH
 (LOS O-to-I)


			System configuration


			Carrier frequency (GHz)			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70


			BS antenna heights (m)			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			64000.00			-			64000.00			-			4000.00			-			4000.00			-			64000.00			-			64000.00			-			4000.00			-			4000.00


			Transmission bit rate for data channel (bit/s)			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.65			-			0.65			-			0.36			-			0.36			-			0.65			-			0.65			-			0.36			-			0.36			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			LOS			LOS			LOS O-to-I			LOS O-to-I			LOS			LOS			LOS O-to-I			LOS O-to-I


			UE speed (km/h)			120.00			120.00			3.00			3.00			120.00			120.00			3.00			3.00			120.00			120.00			3.00			3.00			120.00			120.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			64.00			64.00			64.00			64.00			1.00			1.00			1.00			1.00			64.00			64.00			64.00			64.00			1.00			1.00			1.00			1.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00			1.00			1.00			1.00			1.00			2.00			2.00			2.00			2.00			1.00			1.00			1.00			1.00


			(2) Maximal transmit power per antenna (dBm)			31.00			31.00			31.00			31.00			23.00			23.00			23.00			23.00			31.00			31.00			31.00			31.00			23.00			23.00			23.00			23.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			49.06			49.06			49.06			49.06			23.00			23.00			23.00			23.00			49.06			49.06			49.06			49.06			23.00			23.00			23.00			23.00


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			15.05			15.05			15.05			15.05			0.00			0.00			0.00			0.00			15.05			15.05			15.05			15.05			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			69.11			69.11			69.11			69.11			22.00			22.00			22.00			22.00			69.11			69.11			69.11			69.11			22.00			22.00			22.00			22.00


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			69.11			69.11			69.11			69.11			22.00			22.00			22.00			22.00			69.11			69.11			69.11			69.11			22.00			22.00			22.00			22.00


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			2.00			2.00			2.00			2.00			64.00			64.00			64.00			64.00			2.00			2.00			2.00			2.00			64.00			64.00			64.00			64.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			0.00			0.00			0.00			0.00			15.05			15.05			15.05			15.05			0.00			0.00			0.00			0.00			15.05			15.05			15.05			15.05


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			19080000.00			-			19080000.00			-			360000.00			-			360000.00			-			18360000.00			-			18360000.00			-			360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.18			-			-92.18			-			-105.40			-			-105.40			-			-92.35			-			-92.35			-			-105.40			-			-105.40


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.35			-			-92.35			-			-102.45			-			-102.45			-			-92.35			-			-92.35			-			-102.45			-			-102.45			-


			(19a) Required SNR for the control channel (dB) 			-			-4.60			-			-4.50			-			-5.00			-			-7.50			-			-9.40			-			-9.70			-			-9.40			-			-10.00


			(19b) Required SNR for the data channel (dB) 			2.80			-			-0.50			-			1.28			-			0.45			-			0.20			-			-0.80			-			-2.00			-			-2.00			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-94.78			-			-94.68			-			-108.40			-			-110.90			-			-99.75			-			-100.05			-			-112.80			-			-113.40


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-88.05			-			-91.35			-			-99.67			-			-100.50			-			-90.65			-			-91.65			-			-102.95			-			-102.95			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			163.90			-			163.80			-			153.45			-			155.95			-			168.86			-			169.16			-			157.85			-			158.45


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			157.16			-			160.46			-			144.72			-			145.55			-			159.76			-			160.76			-			148.00			-			148.00			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			8.00			8.00			8.00			8.00			8.00			8.00			8.00			8.00			6.00			6.00			8.00			8.00			6.00			6.00			8.00			8.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			10.45			-			8.45			-			10.45			-			8.45			-			8.06			-			8.29			-			8.06			-			8.29


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			6.61			-			5.13			-			6.61			-			5.13			-			4.79			-			5.02			-			4.79			-			5.02			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			12.50			12.50			9.00			9.00			12.50			12.50			9.00			9.00			12.50			12.50			9.00			9.00			12.50			12.50


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			143.45			-			141.85			-			131.00			-			132.00			-			150.80			-			147.37			-			137.79			-			134.66


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			140.55			-			141.83			-			126.11			-			124.92			-			144.97			-			142.24			-			131.21			-			127.48			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			5002.27			-			4547.29			-			2381.83			-			2528.11			-			7755.33			-			6321.45			-			3569.98			-			2962.43


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			4210.03			-			4543.78			-			1780.14			-			1658.26			-			5478.91			-			4656.18			-			2412.48			-			1931.59			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			78611258.10			-			64961319.90			-			17822671.18			-			20078972.55			-			188951331.93			-			125540353.09			-			40038906.68			-			27570599.24


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			55682774.89			-			64861172.45			-			9955397.97			-			8638809.22			-			94305817.94			-			68109855.42			-			18284325.86			-			11721460.63			-


																														dBP			769.69








Rural(700MHz, NR DDDSU DDSUU)


			Item			DL												UL


						NR PDSCH 
(NLOS)			NR PDCCH
(NLOS) 			NR PDSCH 
(NLOS O-to-I)			NR PDCCH
 (NLOS O-to-I) 			NR PUSCH 
(NLOS)			NR PUCCH
(NLOS)			NR PUSCH 
(NLOS O-to-I)			NR PUCCH
 (NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70


			BS antenna heights (m)			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			128000.00			-			128000.00			-			4000.00			-			4000.00


			Transmission bit rate for data channel (bit/s)			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.56			-			0.56			-			0.46			-			0.46			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			120.00			120.00			3.00			3.00			120.00			120.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			64.00			64.00			64.00			64.00			1.00			1.00			1.00			1.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00			1.00			1.00			1.00			1.00


			(2) Maximal transmit power per antenna (dBm)			31.00			31.00			31.00			31.00			23.00			23.00			23.00			23.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			49.06			49.06			49.06			49.06			23.00			23.00			23.00			23.00


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			15.05			15.05			15.05			15.05			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			69.11			69.11			69.11			69.11			22.00			22.00			22.00			22.00


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			69.11			69.11			69.11			69.11			22.00			22.00			22.00			22.00


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			2.00			2.00			2.00			2.00			64.00			64.00			64.00			64.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			0.00			0.00			0.00			0.00			15.05			15.05			15.05			15.05


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			18360000.00			-			360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.35			-			-92.35			-			-105.40			-			-105.40


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.35			-			-92.35			-			-102.45			-			-102.45			-


			(19a) Required SNR for the control channel (dB) 			-			-6.48			-			-6.47			-			-6.40			-			-5.90


			(19b) Required SNR for the data channel (dB) 			1.06			-			0.23			-			-0.13			-			-0.22			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-96.83			-			-96.82			-			-109.80			-			-109.30


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-89.79			-			-90.63			-			-101.07			-			-101.16			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			165.94			-			165.93			-			154.85			-			154.35


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			158.90			-			159.74			-			146.13			-			146.22			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			8.00			8.00			8.00			8.00			8.00			8.00			8.00			8.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			10.45			-			8.45			-			10.45			-			8.45


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			6.61			-			5.13			-			6.61			-			5.13			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			12.50			12.50			9.00			9.00			12.50			12.50


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			145.49			-			143.98			-			132.40			-			130.40


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			142.29			-			141.11			-			127.52			-			125.59			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			5649.69			-			5163.44			-			2589.10			-			2298.16


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			4670.08			-			4351.62			-			1935.63			-			1725.30			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			100276545.06			-			83758451.21			-			21059543.97			-			16592490.58


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			68517008.48			-			59491167.72			-			11770465.47			-			9351473.83			-

















Rural(700MHz, NR DDDDD DDSUU)


			Item			DL												UL


						NR PDSCH 
(NLOS)			NR PDCCH
(NLOS) 			NR PDSCH 
(NLOS O-to-I)			NR PDCCH
 (NLOS O-to-I) 			NR PUSCH 
(NLOS)			NR PUCCH
(NLOS)			NR PUSCH 
(NLOS O-to-I)			NR PUCCH
 (NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70


			BS antenna heights (m)			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			128000.00			-			128000.00			-			4000.00			-			4000.00


			Transmission bit rate for data channel (bit/s)			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.49			-			0.49			-			0.64			-			0.64			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			120.00			120.00			3.00			3.00			120.00			120.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			64.00			64.00			64.00			64.00			1.00			1.00			1.00			1.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00			1.00			1.00			1.00			1.00


			(2) Maximal transmit power per antenna (dBm)			31.00			31.00			31.00			31.00			23.00			23.00			23.00			23.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			49.06			49.06			49.06			49.06			23.00			23.00			23.00			23.00


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			15.05			15.05			15.05			15.05			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			69.11			69.11			69.11			69.11			22.00			22.00			22.00			22.00


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			69.11			69.11			69.11			69.11			22.00			22.00			22.00			22.00


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			2.00			2.00			2.00			2.00			64.00			64.00			64.00			64.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			0.00			0.00			0.00			0.00			15.05			15.05			15.05			15.05


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			18360000.00			-			360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.35			-			-92.35			-			-105.40			-			-105.40


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.35			-			-92.35			-			-102.45			-			-102.45			-


			(19a) Required SNR for the control channel (dB) 			-			-6.99			-			-7.00			-			-6.36			-			-5.80


			(19b) Required SNR for the data channel (dB) 			1.08			-			-0.10			-			3.88			-			2.70			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-97.34			-			-97.35			-			-109.76			-			-109.20


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-89.77			-			-90.95			-			-97.07			-			-98.25			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			166.45			-			166.46			-			154.81			-			154.25


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			158.88			-			160.06			-			142.12			-			143.30			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			8.00			8.00			8.00			8.00			8.00			8.00			8.00			8.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			10.45			-			8.45			-			10.45			-			8.45


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			6.61			-			5.13			-			6.61			-			5.13			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			12.50			12.50			9.00			9.00			12.50			12.50


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			146.00			-			144.51			-			132.36			-			130.30


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			142.27			-			141.43			-			123.51			-			122.67			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			5825.79			-			5330.74			-			2582.94			-			2284.51


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			4664.52			-			4436.74			-			1524.60			-			1450.15			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			106625293.21			-			89273978.20			-			20959369.55			-			16395879.22


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			68353856.00			-			61841115.99			-			7302306.00			-			6606543.93			-

















UMa-mMTC (NR FDD)


			Item			DL												UL


						PDSCH (NLOS)			PDCCH (NLOS)			PDSCH (NLOS O-to-I)			PDCCH (NLOS O-to-I)			PUSCH  (NLOS)			PUCCH   (NLOS)			PUSCH  (NLOS O-to-I)			PUCCH  (NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70


			BS antenna heights (m)			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			99%			-			99%			-			99%			-			99%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			99%			-			99%			-			99%			-			99%			-


			Transmission bit rate for control channel (bit/s)			-			64,000			-			64,000						2,000						2,000


			Transmission bit rate for data channel (bit/s)			1,000,000			-			1,000,000			-			36,000			-			36,000			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.11			-			0.11			-			0.10000			-			0.10000			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			LOS			LOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0) NOTE1			16			16			16			16			1			1			1			1


			(1bis) Number of transmit antenna ports			2			2			2			2			23			23			23			23


			(2) Maximal transmit power per antenna (dBm)			24.76			24.76			24.76			24.76			23.00			23.00			23.00			23.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0) NOTE2			36.80			36.80			36.80			36.80			23.00			23.00			23.00			23.00


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			9.03			9.03			9.03			9.03			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			0.00			0.00			0.00			0.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			50.83			50.83			50.83			50.83			23.00			23.00			23.00			23.00


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			50.83			50.83			50.83			50.83			23.00			23.00			23.00			23.00


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			2			2			2			2			32			32			32			32


			(10bis) Number of receive antenna ports			1			1			1			1			4			4			4			4


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			0.00			0.00			0.00			0.00			9.03			9.03			9.03			9.03


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			0.00			0.00			0.00			0.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			9,360,000			-			9,360,000			-			180,000			-			180,000


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9,360,000			-			9,360,000			-			360,000			-			360,000			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-95.28			-			-95.28			-			-108.41			-			-108.41


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-95.28			-			-95.28			-			-108.47			-			-108.47			-


			(19a) Required SNR for the control channel (dB) 			-			-7.40			-			-7.50			-			-6.30			-			-6.30


			(19b) Required SNR for the data channel (dB) 			-6.00			-			-6.00			-			-6.00			-			-6.00			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.00			-			0.00			-			0.00			-			0.00			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-100.68			-			-100.78			-			-112.71			-			-112.71


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-99.28			-			-99.28			-			-112.47			-			-112.47			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			151.51			-			151.61			-			152.74			-			152.74


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			150.11			-			150.11			-			152.50			-			152.50			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			6.00			6.00			7.00			7.00			6.00			6.00			7.00			7.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			10.26			-			14.07			-			10.26			-			14.07


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			10.26			-			14.07			-			10.26			-			14.07			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			0.00			0.00			26.25			26.25			0.00			0.00			26.25			26.25


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			141.25			-			111.29			-			139.48			-			109.42


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			139.85			-			109.79			-			139.24			-			109.18			-


			Range/coverage efficiency calculation





			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)						3.50E+16						3.83E-14						5.91E+14						5.15E-16


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1.39E+15						1.21E-15						3.44E+14						3.00E-16			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			3840329846303768000000000000000000.00			-			0.00			-			1097581629248492400000000000000.00			-			0.00


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			6086512630211892000000000000000.00			-			0.00			-			371625294156835000000000000000.00			-			0.00			-








			NOTE1: The term "antenna" is understood as antenna elements.


			NOTE2: In-band mode is assumed for NB-IoT, which results in 35dBm transmission power.








UMa-URLLC (700MHz NR )


			Item			UL			DL						UL						DL						UL			DL						DL


						NR PUSCH (NLOS)			NR PDCCH (NLOS)			NR PDSCH (NLOS)			NR PUCCH (NLOS)			NR PUSCH (NLOS O-to-I)			NR PDCCH (NLOS O-to-I)			NR PDSCH (NLOS O-to-I)			NR PUCCH (NLOS O-to-I)			NR PDCCH (LOS)			NR PDSCH (LOS)			NR PDCCH (LOS O-to-I)			NR PDSCH (LOS O-to-I)


			System configuration


			Carrier frequency (GHz)			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70


			BS antenna heights (m)			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%			95%			-			95%			-


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-			-			90%			-			90%


			Transmission bit rate for control channel (bit/s)			-						-						-						-									-						-


			Transmission bit rate for data channel (bit/s)			256000.00			-			256000.00			-			256000.00			-			256000.00			-			-			256000.00			-			256000.00


			Target packet error rate for the required SNR in item (19a) for control channel			-			0.001%			-			0.001%			-			0.001%			-			0.001%			0.001%			-			0.001%			-


			Target packet error rate for the required SNR in item (19b) for data channel			0.001%			-			0.001%			-			0.001%			-			0.001%			-			-			0.001%			-			0.001%


			Spectral efficiency(2) (bit/s/Hz)			0.04			-			0.01			-			0.04			-			0.01			-			-			0.02			-			0.01


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS O-to-I			NLOS O-to-I			LOS			LOS			LOS O-to-I			LOS O-to-I


			UE speed (km/h)			30.00			30.00			30.00			30.00			3.00			3.00			3.00			3.00			30.00			30.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			1.00			64.00			64.00			1.00			1.00			64.00			64.00			1.00			64.00			64.00			64.00			64.00


			(1bis) Number of transmit antenna ports			1.00			2.00			2.00			1.00			1.00			2.00			2.00			1.00			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			23.00			28.00			28.00			23.00			23.00			28.00			28.00			23.00			28.00			28.00			28.00			28.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			23.00			46.06			46.06			23.00			23.00			46.06			46.06			23.00			46.06			46.06			46.06			46.06


			(4) Transmitter antenna gain (dBi)			0.00			8.00			8.00			0.00			0.00			8.00			8.00			0.00			8.00			8.00			8.00			8.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			0.00			15.05			15.05			0.00			0.00			15.05			15.05			0.00			15.05			15.05			15.05			15.05


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			1.00			3.00			3.00			1.00			1.00			3.00			3.00			1.00			3.00			3.00			3.00			3.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			22.00			66.11			66.11			22.00			22.00			66.11			66.11			22.00			66.11			66.11			66.11			66.11


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			22.00			66.11			66.11			22.00			22.00			66.11			66.11			22.00			66.11			66.11			66.11			66.11


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			64.00			2.00			2.00			64.00			64.00			2.00			2.00			64.00			2.00			2.00			2.00			2.00


			(10bis) Number of  receive antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			8.00			0.00			0.00			8.00			8.00			0.00			0.00			8.00			0.00			0.00			0.00			0.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			15.05			0.00			0.00			15.05			15.05			0.00			0.00			15.05			0.00			0.00			0.00			0.00


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			3.00			1.00			1.00			3.00			3.00			1.00			1.00			3.00			1.00			1.00			1.00			1.00


			(13) Receiver noise figure (dB)			5.00			7.00			7.00			5.00			5.00			7.00			7.00			5.00			7.00			7.00			7.00			7.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-161.70			-			-169.30			-			-161.70			-169.30			-			-169.30			-


			(15b) Receiver interference density for data channel (dBm/Hz) 			-165.70			-			-169.30			-			-165.70			-			-169.30			-			-			-169.30			-			-169.30


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-160.96			-			-164.99			-			-160.96			-164.99			-			-164.99			-


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.03			-			-164.99			-			-164.03			-			-164.99			-			-			-164.99			-			-164.99


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			360000.00			-			18360000.00			-			360000.00			18360000.00			-			18360000.00			-


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			5760000.00			-			18360000.00			-			5760000.00			-			18360000.00			-			-			18360000.00			-			18360000.00


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.35			-			-105.40			-			-92.35			-			-105.40			-92.35			-			-92.35			-


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-96.43			-			-92.35			-			-96.43			-			-92.35			-			-			-92.35			-			-92.35


			(19a) Required SNR for the control channel (dB) 			-			-3.20			-			4.20			-			-3.25			-			4.20			-8.80			-			-9.00			-


			(19b) Required SNR for the data channel (dB) 			-2.00			-			-2.60			-			-1.90			-			-2.55			-			-			-6.50			-			-6.70


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00			0.00			-			0.00			-


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-			-			0.50			-			0.50


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-93.55			-			-99.20			-			-93.60			-			-99.20			-99.15			-			-99.35			-


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-96.93			-			-93.45			-			-96.83			-			-93.40			-			-			-97.35			-			-97.55


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			159.66			-			144.25			-			159.71			-			144.25			165.26			-			165.46			-


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			141.98			-			159.56			-			141.88			-			159.51			-			-			163.46			-			163.66


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			6.00			6.00			6.00			6.00			7.00			7.00			7.00			7.00			4.00			4.00			7.00			7.00


			Penetration Loss std deviation (dB)(ii)


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			5.57			-			5.57			-			7.55			-			7.55			2.96			-			6.88			-


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			3.01			-			3.01			-			4.48			-			4.48			-			-			1.12			-			3.98


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB) 			0.00			0.00			0.00			0.00			26.25			26.25			26.25			26.25			0.00			0.00			26.25			26.25


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			153.09			-			135.68			-			124.91			-			107.45			161.30			-			131.33			-


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			135.98			-			155.56			-			108.15			-			127.78			-			-			161.34			-			132.43


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			4462.05			-			1599.32			-			848.33			-			303.17			7237.39			-			1238.28			-


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1627.73			-			5159.41			-			316.01			-			1004.60			-			-			7254.46			-			1321.18


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			6.25E+07			-			8.04E+06			-			2.26E+06			-			2.89E+05			1.65E+08			-			4.82E+06			-


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			8.32E+06			-			8.36E+07			-			3.14E+05			-			3.17E+06			-			-			1.65E+08			-			5.48E+06























MaxN_RB


						Transmission bandwidth configuration NRB in NR


						FR1


						SCS (kHz)			5MHz			10MHz			15MHz			20 MHz			25 MHz			30 MHz			40 MHz			50MHz			60 MHz			70			80 MHz			90 MHz			100 MHz


																																				MHz


									NRB			NRB			NRB			NRB			NRB			NRB			NRB			NRB			NRB			NRB			NRB			NRB			NRB


						15			25			52			79			106			133			160			216			270			N/A			N.A			N/A			N/A			N/A


						30			11			24			38			51			65			78			106			133			162			189			217			245			273


						60			N/A			11			18			24			31			38			51			65			79			93			107			121			135





						FR2


						SCS [kHz]			50 MHz			100 MHz			200 MHz			400 MHz


									NRB			NRB			NRB			NRB


						60			66			132			264			N.A


						120			32			66			132			264
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General Notes


			General notes


			1. Item "(1bis) Number of transmit antenna ports" is added, which indicates the number of transmit antenna ports for the transmission link. One transmit antenna port may map to 1 or multiple transmit antenna elements. Beamforming is assumed for the transmit antenna element(s) that generate one transmit antenna port, which results in transmitter array gain. 
2. Item "(5) Transmitter array gain" is calculated as 10*log10( (1)/(1bis) )
3. Item "(10bis) Number of  receive antenna ports" is added, which indicates the number of receive antenna ports for the transmission link. One receive antenna port may map to 1 or multiple transmit antenna elements. Beamforming is assumed for the receive antenna element(s) that generate one receive antenna port, which results in receive array gain. 
4. Item "(11bis) Receiver array gain" is added. It is calculated as 10*log10( (10)/(10bis) )
5. For Dense Urban - eMBB test environment, the penentration margin is calculated based on the assumption of 80% low loss and 20% high loss.
6. For Rural - eMBB and Urban Macro - URLLC test environment,penentration margin is calculated based on the assumption of 100% low loss.
7. For Urban Macro - mMTC test environment, the penentration margin is calculated based on the assumption of 100% high loss, which is motivated by the coverage demand for mMTC scenarios.
8. For Urban Macro - mMTC test environment, item "(15a/b) Receiver interference density" is assumed to be -177dB due to the assumption of low cell load when the large coverage area of  mMTC is considered.
9. If item "(30a/b) Maximum range" exceeds the maximum supportable range of the channel model defined in Report ITU-R M.2412, the item "(30a/b) Maximum range" will be given by the  maximum supportable range of the related  channel model. As a consequence, item "(31a/b) Coverage Area" will be calculated by the maximum supportable range.
10. In applying the link budget template, it was noted that the template calculates valuations for the control channel and the data channel separately.  In particular, it was necessary to provide separate values for the data channel and the control channel in the following entries: cell area reliability, items 15, 16, 17, 18 and 25 for the reason that the control channel link budget is based on a set of different parameters from those for the data channel, e.g. the bandwidth, cell area reliability, receiver interference density, shadow fading margin, etc.  Therefore we have provided an “a) (control channel)” and “b) (data channel)” set of answers for these values even though the ITU-R template did not specifically request separate values for these items.





			Other Remarks


			This final version is based on the initial link budget templates provided to WP 5D#31. For the results with existing configurations, the updates are marked by purple color. For the results of new configurations (e.g. frame strcture, LOS/NLOS), the updates are marked by orange color.








InH-eMBB (4GHz, NR DDDSU)


			Item			DL						UL


						NR PDSCH (NLOS)			NR PDCCH (NLOS)			NR PUSCH (NLOS)			NR PUCCH (NLOS)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00


			BS antenna heights (m)			3.00			3.00			3.00			3.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			128000.00			-			4000.00


			Transmission bit rate for data channel (bit/s)			13952028.00			-			1114560.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			1.00			-			1.59			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS			NLOS


			UE speed (km/h)			3.00			3.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			32.00			32.00			2.00			2.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			9.00			9.00			20.00			20.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			24.05			24.05			23.01			23.01


			(4) Transmitter antenna gain (dBi)			5.00			5.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			12.04			12.04			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			38.09			38.09			22.01			22.01


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			38.09			38.09			22.01			22.01


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			4.00			4.00			32.00			32.00


			(10bis) Number of  receive antenna ports			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			5.00			5.00


			(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)			3.01			3.01			12.04			12.04


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-174.00			-			-174.90


			(15b) Receiver interference density for data channel (dBm/Hz) 			-174.00			-			-174.90			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-166.21			-			-168.01


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-166.21			-			-168.01			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			2880000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-93.57			-			-112.44


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-93.57			-			-103.41			-


			(19a) Required SNR for the control channel (dB) 			-			-7.40			-			-7.60


			(19b) Required SNR for the data channel (dB) 			5.20			-			11.80			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-98.97			-			-118.04


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-86.87			-			-90.11			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			140.07			-			157.09


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			127.97			-			129.16			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			4.00			4.00			4.00			4.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			8.50			-			8.50


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			5.20			-			5.20			-


			(26) BS selection/macro-diversity gain (dB)


			(27) Penetration margin (dB)			0.00			0.00			0.00			0.00


			(28) Other gains (dB) (if any please specify)


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			130.57			-			145.59


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			121.77			-			120.96			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			368.24			-			908.49


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			216.95			-			206.64			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			426005.52			-			2592935.57


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			147871.75			-			134147.58			-
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InH-eMBB (4GHz, NR DSUUD)


			Item			DL						UL						DL						UL


						NR PDSCH (NLOS)			NR PDCCH (NLOS) 			NR PUSCH (NLOS)			NR PUCCH (NLOS)			NR PDSCH (LOS)			NR PDCCH (LOS)			NR PUSCH (LOS)			NR PUCCH (LOS)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00


			BS antenna heights (m)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			64000.00			-			4000.00			-			64000.00			-			4000.00


			Transmission bit rate for data channel (bit/s)			13952028.00			-			1114560.00			-			13952028.00			-			1114560.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			1.35			-			1.78			-			1.35			-			1.78			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS			NLOS			LOS			LOS			LOS			LOS


			UE speed (km/h)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			32.00			32.00			2.00			2.00			32.00			32.00			2.00			2.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			9.00			9.00			20.00			20.00			9.00			9.00			20.00			20.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			24.05			24.05			23.01			23.01			24.05			24.05			23.01			23.01


			(4) Transmitter antenna gain (dBi)			5.00			5.00			0.00			0.00			5.00			5.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			12.04			12.04			0.00			0.00			12.04			12.04			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			1.00			1.00			3.00			3.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			38.09			38.09			22.01			22.01			38.09			38.09			22.01			22.01


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			38.09			38.09			22.01			22.01			38.09			38.09			22.01			22.01


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			4.00			4.00			32.00			32.00			4.00			4.00			32.00			32.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			5.00			5.00			0.00			0.00			5.00			5.00


			(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)			3.01			3.01			12.04			12.04			3.01			3.01			12.04			12.04


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			3.00			3.00			1.00			1.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			5.00			5.00			7.00			7.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-174.00			-			-174.90			-			-174.00			-			-174.90


			(15b) Receiver interference density for data channel (dBm/Hz) 			-174.00			-			-174.90			-			-174.00			-			-174.90			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-166.21			-			-168.01			-			-166.21			-			-168.01


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-166.21			-			-168.01			-			-166.21			-			-168.01			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			19080000.00			-			360000.00			-			18360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			1440000.00			-			18360000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-93.40			-			-112.44			-			-93.57			-			-112.44


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-93.57			-			-106.42			-			-93.57			-			-106.42			-


			(19a) Required SNR for the control channel (dB) 			-			-4.80			-			-8.00			-			-9.40			-			-10.20


			(19b) Required SNR for the data channel (dB) 			6.30			-			14.13			-			3.50			-			8.95			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-96.20			-			-118.44			-			-100.97			-			-120.64


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-85.77			-			-90.79			-			-88.57			-			-95.97			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			137.31			-			157.49			-			142.07			-			159.69


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			126.87			-			129.84			-			129.67			-			135.02			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			4.00			4.00			4.00			4.00			3.00			3.00			3.00			3.00


			Penetration Loss std deviation (dB)(ii)


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			8.50			-			8.50			-			2.96			-			2.96


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			5.20			-			5.20			-			1.69			-			1.69			-


			(26) BS selection/macro-diversity gain (dB)															0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(28) Other gains (dB) (if any please specify)															0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			127.81			-			145.99			-			138.11			-			153.73


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			120.67			-			121.64			-			126.98			-			130.33			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			311.81			-			930.60			-			442.62			-			1015.75


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			203.07			-			215.27			-			59056.85						92241.00


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			305436.82			-			2720692.46			-			615466.14			-			3241303.06


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			129551.95			-			145581.99			-			10956967916.97			-			26729935415.74			-








InH-eMBB (4GHz, NR DDDSU DDSUU)


			Item			DL						UL


						NR PDSCH (NLOS)			NR PDCCH (NLOS) 			NR PUSCH (NLOS)			NR PUCCH (NLOS)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00


			BS antenna heights (m)			3.00			3.00			3.00			3.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			128000.00			-			4000.00


			Transmission bit rate for data channel (bit/s)			13952028.00			-			1114560.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			1.16			-			2.26			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS			NLOS


			UE speed (km/h)			3.00			3.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			32.00			32.00			2.00			2.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			9.00			9.00			20.00			20.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			24.05			24.05			23.01			23.01


			(4) Transmitter antenna gain (dBi)			5.00			5.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			12.04			12.04			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			38.09			38.09			22.01			22.01


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			38.09			38.09			22.01			22.01


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			4.00			4.00			32.00			32.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			5.00			5.00


			(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)			3.01			3.01			12.04			12.04


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-174.00			-			-174.90


			(15b) Receiver interference density for data channel (dBm/Hz) 			-174.00			-			-174.90			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-166.21			-			-168.01


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-166.21			-			-168.01			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-93.57			-			-112.44


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-93.57			-			-106.42			-


			(19a) Required SNR for the control channel (dB) 			-			-6.75			-			-7.90


			(19b) Required SNR for the data channel (dB) 			6.46			-			10.34			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-98.32			-			-118.34


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-85.61			-			-94.58			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			139.42			-			157.39


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			126.71			-			133.63			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			4.00			4.00			4.00			4.00


			Penetration Loss std deviation (dB)(ii)


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			8.50			-			8.50


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			5.20			-			5.20			-


			(26) BS selection/macro-diversity gain (dB)


			(27) Penetration margin (dB)			0.00			0.00			0.00			0.00


			(28) Other gains (dB) (if any please specify)


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			129.92			-			145.89


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			120.51			-			125.43			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			354.02			-			925.03


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			201.13			-			270.36			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			393741.84			-			2688174.90


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			127083.41			-			229624.85			-











InH-eMBB (4GHz, NR DDDDD DDSUU)


			Item			DL						UL


						NR PDSCH (NLOS)			NR PDCCH (NLOS)			NR PUSCH (NLOS)			NR PUCCH (NLOS)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00


			BS antenna heights (m)			3.00			3.00			3.00			3.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			128000.00			-			4000.00


			Transmission bit rate for data channel (bit/s)			13952028.00			-			1114560.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			1.00			-			3.19			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS			NLOS


			UE speed (km/h)			3.00			3.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			32.00			32.00			2.00			2.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			9.00			9.00			20.00			20.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			24.05			24.05			23.01			23.01


			(4) Transmitter antenna gain (dBi)			5.00			5.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			12.04			12.04			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			38.09			38.09			22.01			22.01


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			38.09			38.09			22.01			22.01


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			4.00			4.00			32.00			32.00


			(10bis) Number of  receive antenna ports			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			5.00			5.00


			(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)			3.01			3.01			12.04			12.04


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-174.00			-			-174.90


			(15b) Receiver interference density for data channel (dBm/Hz) 			-174.00			-			-174.90			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-166.21			-			-168.01


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-166.21			-			-168.01			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-93.57			-			-112.44


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-93.57			-			-106.42			-


			(19a) Required SNR for the control channel (dB) 			-			-7.30			-			-7.50


			(19b) Required SNR for the data channel (dB) 			5.40			-			11.00			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-98.87			-			-117.94


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-86.67			-			-93.92			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			139.97			-			156.99


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			127.77			-			132.97			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			4.00			4.00			4.00			4.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			8.50			-			8.50


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			5.20			-			5.20			-


			(26) BS selection/macro-diversity gain (dB)


			(27) Penetration margin (dB)			0.00			0.00			0.00			0.00


			(28) Other gains (dB) (if any please specify)


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			130.47			-			145.49


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			121.57			-			124.77			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			366.03			-			903.05


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			214.36			-			259.84			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			420913.93			-			2561944.95


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			144358.16			-			212106.58			-











DU-eMBB (4GHz, NR DDDSU)


			Item			DL												UL


						NR PDSCH (NLOS)			NR PDCCH (NLOS)			NR PDSCH (NLOS O-to-I)			NR PDCCH (NLOS O-to-I)			NR PUSCH (NLOS)			NR PUCCH (NLOS)			NR PUSCH (NLOS O-to-I)			NR PUCCH (NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00


			BS antenna heights (m)			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			128000.00			-			128000.00			-			4000.00						4000.00


			Transmission bit rate for data channel (bit/s)			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.49			-			0.49			-			0.64			-			0.64			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			30.00			30.00			3.00			3.00			30.00			30.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			128.00			128.00			128.00			128.00			2.00			2.00			2.00			2.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			23.00			23.00			23.00			23.00			20.00			20.00			20.00			20.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			44.07			44.07			44.07			44.07			23.01			23.01			23.01			23.01


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			18.06			18.06			18.06			18.06			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			67.13			67.13			67.13			67.13			22.01			22.01			22.01			22.01


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			67.13			67.13			67.13			67.13			22.01			22.01			22.01			22.01


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			4.00			4.00			4.00			4.00			128.00			128.00			128.00			128.00


			(10bis) Number of receive ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)			3.01			3.01			3.01			3.01			18.06			18.06			18.06			18.06


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			18360000.00			-			360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.35			-			-92.35			-			-105.40			-			-105.40


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.35			-			-92.35			-			-102.45			-			-102.45			-


			(19a) Required SNR for the control channel (dB) 			-			-8.30			-			-8.50			-			-6.80			-			-6.80


			(19b) Required SNR for the data channel (dB) 			-0.10			-			-1.00			-			6.00			-			3.70			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-98.65			-			-98.85			-			-110.20			-			-110.20


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-90.95			-			-91.85			-			-94.95			-			-97.25			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			168.79			-			168.99			-			158.27			-			158.27


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			161.09			-			161.99			-			143.02			-			145.32			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			6.00			6.00			7.00			7.00			6.00			6.00			7.00			7.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			8.07			-			10.11			-			8.07			-			10.11


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			4.85			-			6.41			-			4.85			-			6.41			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			17.98			17.98			9.00			9.00			17.98			17.98


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			150.72			-			139.90			-			138.20			-			127.18


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			146.24			-			136.60			-			126.17			-			117.93			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			1593.08			-			842.11			-			761.53			-			397.83


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1223.49			-			693.31			-			374.95			-			230.74			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			7973075.54			-			2227870.55			-			1821883.44			-			497220.75


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			4702757.59			-			1510099.67			-			441664.46			-			167260.49			-
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DU-eMBB (4GHz, NR DSUUD)


			Item			DL												UL												DL												UL


						NR PDSCH (NLOS)			NR PDCCH (NLOS)			NR PDSCH (NLOS O-to-I)			NR PDCCH (NLOS O-to-I)			NR PUSCH (NLOS)			NR PUCCH (NLOS)			NR PUSCH (NLOS O-to-I)			NR PUCCH (NLOS O-to-I)			NR PDSCH (LOS)			NR PDCCH (LOS) 			NR PDSCH (LOS O-to-I)			NR PDCCH (LOS O-to-I) 			NR PUSCH (LOS)			NR PUCCH (LOS)			NR PUSCH (LOS O-to-I)			NR PUCCH (LOS O-to-I)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00


			BS antenna heights (m)			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			64000.00			-			64000.00			-			4000.00						4000.00			-			64000.00			-			64000.00			-			4000.00						4000.00


			Transmission bit rate for data channel (bit/s)			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.65			-			0.65			-			0.36			-			0.36			-			0.65			-			0.65			-			0.36			-			0.36			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			LOS			LOS			LOS O-to-I			LOS O-to-I			LOS			LOS			LOS O-to-I			LOS O-to-I


			UE speed (km/h)			30.00			30.00			3.00			3.00			30.00			30.00			3.00			3.00			30.00			30.00			3.00			3.00			30.00			30.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			256.00			256.00			256.00			256.00			2.00			2.00			2.00			2.00			256.00			256.00			256.00			256.00			2.00			2.00			2.00			2.00


			(1bis) Number of transmit antennas			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00			20.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			44.08			44.08			44.08			44.08			23.01			23.01			23.01			23.01			44.08			44.08			44.08			44.08			23.01			23.01			23.01			23.01


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			21.07			21.07			21.07			21.07			0.00			0.00			0.00			0.00			21.07			21.07			21.07			21.07			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			70.15			70.15			70.15			70.15			22.01			22.01			22.01			22.01			70.15			70.15			70.15			70.15			22.01			22.01			22.01			22.01


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			70.15			70.15			70.15			70.15			22.01			22.01			22.01			22.01			70.15			70.15			70.15			70.15			22.01			22.01			22.01			22.01


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			4.00			4.00			4.00			4.00			256.00			256.00			256.00			256.00			4.00			4.00			4.00			4.00			256.00			256.00			256.00			256.00


			(10bis) Number of receive antennas			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)			3.01			3.01			3.01			3.01			21.07			21.07			21.07			21.07			3.01			3.01			3.01			3.01			21.07			21.07			21.07			21.07


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			19080000.00			-			19080000.00			-			360000.00			-			360000.00			-			18360000.00			-			18360000.00			-			360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.18			-			-92.18			-			-105.40			-			-105.40			-			-92.35			-			-92.35			-			-105.40			-			-105.40


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.35			-			-92.35			-			-102.45			-			-102.45			-			-92.35			-			-92.35			-			-102.45			-			-102.45			-


			(19a) Required SNR for the control channel (dB) 			-			-5.70			-			-5.90			-			-5.60			-			-6.70			-			-9.70			-			-9.70			-			-10.00			-			-10.00


			(19b) Required SNR for the data channel (dB) 			3.20			-			-0.10			-			2.29			-			1.23			-			-0.90			-			-2.50			-			-1.20			-			-1.30			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-95.88			-			-96.08			-			-109.00			-			-110.10			-			-100.05			-			-100.05			-			-113.40			-			-113.40


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-87.65			-			-90.95			-			-98.66			-			-99.72			-			-91.75			-			-93.35			-			-102.15			-			-102.25			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			169.05			-			169.25			-			160.08			-			161.18			-			173.22			-			173.22			-			164.48			-			164.48


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			160.82			-			164.12			-			149.74			-			150.80			-			164.92			-			166.52			-			153.23			-			153.33			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			6.00			6.00			7.00			7.00			6.00			6.00			7.00			7.00			4.00			4.00			7.00			7.00			4.00			4.00			7.00			7.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			8.07			-			10.11			-			8.07			-			10.11			-			6.11			-			10.75			-			6.11			-			10.75


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			4.85			-			6.41			-			4.85			-			6.41			-			3.36			-			7.43			-			3.36			-			7.43			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			17.98			17.98			9.00			9.00			17.98			17.98			9.00			9.00			20.06			20.06			9.00			9.00			20.06			20.06


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			150.98			-			140.16			-			140.01			-			130.09			-			157.11			-			141.41			-			146.37			-			130.67


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			145.97			-			138.73			-			132.89			-			123.41			-			151.56			-			138.03			-			137.87			-			122.84			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			1617.06			-			854.79			-			847.24			-			472.25						2.09E+05						4.05E+04						6.81E+04						1.32E+04


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1203.52			-			785.58			-			557.10			-			318.68			-			1.17E+05						2.84E+04						2.80E+04						5.80E+03


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			s			8214884.58			-			2295437.86			-			2255103.30			-			700631.85			-			137827932879.54			-			5153051886.76			-			14561332535.14			-			544412881.53


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			4550443.38			-			1938794.18			-			975029.45			-			319050.25			-			43131224519.09			-			2539754790.58			-			2459722154.39			-			105808952.86			-


			dBP																								dBP			2000











DU-eMBB (4GHz, NR DDDSU DDSUU)


			Item			DL												UL


						NR PDSCH (NLOS)			NR PDCCH (NLOS)			NR PDSCH (NLOS O-to-I)			NR PDCCH (NLOS O-to-I)			NR PUSCH (NLOS)			NR PUCCH (NLOS)			NR PUSCH (NLOS O-to-I)			NR PUCCH (NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00


			BS antenna heights (m)			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			128000.00			-			128000.00			-			4000.00						4000.00


			Transmission bit rate for data channel (bit/s)			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.56			-			0.56			-			0.46			-			0.46			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			30.00			30.00			3.00			3.00			30.00			30.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			192.00			192.00			192.00			192.00			2.00			2.00			2.00			2.00


			(1bis) Number of transmit antennas			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			21.20			21.20			21.20			21.20			20.00			20.00			20.00			20.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			44.03			44.03			44.03			44.03			23.01			23.01			23.01			23.01


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			19.82			19.82			19.82			19.82			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			68.86			68.86			68.86			68.86			22.01			22.01			22.01			22.01


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			68.86			68.86			68.86			68.86			22.01			22.01			22.01			22.01


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			4.00			4.00			4.00			4.00			192.00			192.00			192.00			192.00


			(10bis) Number of receive antennas			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)			3.01			3.01			3.01			3.01			19.82			19.82			19.82			19.82


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			18360000.00			-			360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.35			-			-92.35			-			-105.40			-			-105.40


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.35			-			-92.35			-			-102.45			-			-102.45			-


			(19a) Required SNR for the control channel (dB) 			-			-6.65			-			-6.80			-			-7.30			-			-7.60


			(19b) Required SNR for the data channel (dB) 			0.32			-			-1.73			-			1.20			-			0.08			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-97.00			-			-97.15			-			-110.70			-			-111.00


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-90.53			-			-92.58			-			-99.75			-			-100.87			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			168.87			-			169.01			-			160.53			-			160.83


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			162.40			-			164.44			-			149.58			-			150.70			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			6.00			6.00			7.00			7.00			6.00			6.00			7.00			7.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			8.07			-			10.11			-			8.07			-			10.11


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			4.85			-			6.41			-			4.85			-			6.41			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			17.98			17.98			9.00			9.00			17.98			17.98


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			150.80			-			139.92			-			140.46			-			129.74


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			147.55			-			139.05			-			132.73			-			123.31			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			1599.84			-			842.95			-			870.04			-			462.63


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1321.03			-			800.83			-			551.89			-			316.82			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)						8040844.83			-			2232292.07			-			2378085.56			-			672371.44


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			5482469.13			-			2014776.90			-			956887.22			-			315335.40			-














DU-eMBB (4GHz, NR DDDDD DDSUU)


			Item			DL												UL


						NR PDSCH (NLOS)			NR PDCCH (NLOS)			NR PDSCH (NLOS O-to-I)			NR PDCCH (NLOS O-to-I)			NR PUSCH (NLOS)			NR PUCCH (NLOS)			NR PUSCH (NLOS O-to-I)			NR PUCCH (NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00


			BS antenna heights (m)			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			128000.00			-			128000.00			-			4000.00						4000.00


			Transmission bit rate for data channel (bit/s)			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.49			-			0.49			-			0.64			-			0.64			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			-0.00			30.00			3.00			3.00			30.00			30.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			192.00			192.00			192.00			192.00			2.00			2.00			2.00			2.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			21.20			21.20			21.20			21.20			20.00			20.00			20.00			20.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			44.03			44.03			44.03			44.03			23.01			23.01			23.01			23.01


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			19.82			19.82			19.82			19.82			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			68.86			68.86			68.86			68.86			22.01			22.01			22.01			22.01


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			68.86			68.86			68.86			68.86			22.01			22.01			22.01			22.01


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			4.00			4.00			4.00			4.00			192.00			192.00			192.00			192.00


			(10bis) Number of receive ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)			3.01			3.01			3.01			3.01			19.82			19.82			19.82			19.82


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			18360000.00			-			360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.35			-			-92.35			-			-105.40			-			-105.40


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.35			-			-92.35			-			-102.45			-			-102.45			-


			(19a) Required SNR for the control channel (dB) 			-			-7.25			-			-7.35			-			-7.25			-			-7.55


			(19b) Required SNR for the data channel (dB) 			-0.94			-			-1.94			-			3.35			-			2.30			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-97.60			ERROR:#VALUE!			-97.70			ERROR:#VALUE!			-110.65			ERROR:#VALUE!			-110.95


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-91.79			ERROR:#VALUE!			-92.79			ERROR:#VALUE!			-97.60			ERROR:#VALUE!			-98.65			ERROR:#VALUE!


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			169.47			ERROR:#VALUE!			169.57			ERROR:#VALUE!			160.48			ERROR:#VALUE!			160.78


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			163.66			ERROR:#VALUE!			164.66			ERROR:#VALUE!			147.43			ERROR:#VALUE!			148.48			ERROR:#VALUE!


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			6.00			6.00			7.00			7.00			6.00			6.00			7.00			7.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			8.07			-			10.11			-			8.07			-			10.11


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			4.85			-			6.41			-			4.85			-			6.41			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			17.98			17.98			9.00			9.00			17.98			17.98


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			151.40			-			140.48			-			140.41			-			129.69


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			148.81			-			139.27			-			130.58			-			121.09			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			1657.41			-			870.97			-			867.48			-			461.26


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1422.84			-			811.04			-			486.23			-			277.97			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			8629942.95			-			2383165.98			-			2364115.13			-			668421.49


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			6360032.09			-			2066474.42			-			742728.43			-			242750.22			-











Rural-eMBB (700MHz, NR FDD)


			c			DL												UL


						NR PDSCH (NLOS)			NR PDCCH (NLOS)			NR PDSCH (NLOS O-to-I)			NR PDCCH (NLOS O-to-I)			NR PUSCH (NLOS)			NR PUCCH (NLOS)			NR PUSCH (NLOS O-to-I)			NR PUCCH (NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70


			BS antenna heights (m)			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			64000.00			-			64000.00			-			2000.00			-			2000.00


			Transmission bit rate for data channel (bit/s)			5983200.00			-			5983200.00			-			561600.00			-			561600.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.64			-			0.64			-			0.78			-			0.78			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			120.00			120.00			3.00			3.00			120.00			120.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			64.00			64.00			64.00			64.00			1.00			1.00			1.00			1.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00			1.00			1.00			1.00			1.00


			(2) Maximal transmit power per antenna (dBm)			28.00			28.00			28.00			28.00			23.00			23.00			23.00			23.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			46.06			46.06			46.06			46.06			23.00			23.00			23.00			23.00


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			15.05			15.05			15.05			15.05			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			66.11			66.11			66.11			66.11			22.00			22.00			22.00			22.00


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			66.11			66.11			66.11			66.11			22.00			22.00			22.00			22.00


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			2.00			2.00			2.00			2.00			64.00			64.00			64.00			64.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)			0.00			0.00			0.00			0.00			15.05			15.05			15.05			15.05


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			9360000.00			-			9360000.00			-			180000.00			-			180000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9360000.00			-			9360000.00			-			720000.00			-			720000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-95.28			-			-95.28			-			-108.41			-			-108.41


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-95.28			-			-95.28			-			-105.46			-			-105.46			-


			(19a) Required SNR for the control channel (dB) 			-			-7.40			-			-7.50			-			-6.30			-			-6.30


			(19b) Required SNR for the data channel (dB) 			4.10			-			1.40			-			7.30			-			4.70			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-100.68			-			-100.78			-			-112.71			-			-112.71


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-89.68			-			-92.38			-			-96.66			-			-99.26			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis)  − (22a)   dB			-			166.79			-			166.89			-			157.76			-			157.76


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			155.79			-			158.49			-			141.71			-			144.31			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			8.00			8.00			8.00			8.00			8.00			8.00			8.00			8.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			10.45			-			10.00			-			10.45			-			10.00


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			6.61			-			6.30			-			6.61			-			6.30			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			11.90			11.90			9.00			9.00			11.90			11.90


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			146.34			-			143.99			-			135.31			-			132.85


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			139.18			-			139.29			-			123.10			-			123.11			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			5943.63			-			5165.78			-			3079.50			-			2660.58


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			3879.00			-			3903.73			-			1487.82			-			1488.41			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			110982084.28			-			83834381.34			-			29792804.26			-			22238413.50


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			47270374.78			-			47875058.07			-			6954251.50			-			6959752.44			-





			Break point














Rural-eMBB (700MHz, NR DSUUD)


			Item			DL												UL												DL												UL


						NR PDSCH (NLOS)			NR PDCCH (NLOS)			NR PDSCH (NLOS O-to-I)			NR PDCCH (NLOS O-to-I) 			NR PUSCH (NLOS)			NR PUCCH (NLOS)			NR PUSCH (NLOS O-to-I)			NR PUCCH (NLOS O-to-I)			NR PDSCH 
(LOS)			NR PDCCH
(LOS) 			NR PDSCH 
(LOS O-to-I)			NR PDCCH
 (LOS O-to-I) 			NR PUSCH 
(LOS)			NR PUCCH
(LOS)			NR PUSCH 
(LOS O-to-I)			NR PUCCH
 (LOS O-to-I)


			System configuration


			Carrier frequency (GHz)			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70


			BS antenna heights (m)			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			64000.00			-			64000.00			-			4000.00			-			4000.00			-			64000.00			-			64000.00			-			4000.00			-			4000.00


			Transmission bit rate for data channel (bit/s)			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.65			-			0.65			-			0.36			-			0.36			-			0.65			-			0.65			-			0.36			-			0.36			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			LOS			LOS			LOS O-to-I			LOS O-to-I			LOS			LOS			LOS O-to-I			LOS O-to-I


			UE speed (km/h)			120.00			120.00			3.00			3.00			120.00			120.00			3.00			3.00			120.00			120.00			3.00			3.00			120.00			120.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			64.00			64.00			64.00			64.00			1.00			1.00			1.00			1.00			64.00			64.00			64.00			64.00			1.00			1.00			1.00			1.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00			1.00			1.00			1.00			1.00			2.00			2.00			2.00			2.00			1.00			1.00			1.00			1.00


			(2) Maximal transmit power per antenna (dBm)			31.00			31.00			31.00			31.00			23.00			23.00			23.00			23.00			31.00			31.00			31.00			31.00			23.00			23.00			23.00			23.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			49.06			49.06			49.06			49.06			23.00			23.00			23.00			23.00			49.06			49.06			49.06			49.06			23.00			23.00			23.00			23.00


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			15.05			15.05			15.05			15.05			0.00			0.00			0.00			0.00			15.05			15.05			15.05			15.05			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			69.11			69.11			69.11			69.11			22.00			22.00			22.00			22.00			69.11			69.11			69.11			69.11			22.00			22.00			22.00			22.00


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			69.11			69.11			69.11			69.11			22.00			22.00			22.00			22.00			69.11			69.11			69.11			69.11			22.00			22.00			22.00			22.00


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			2.00			2.00			2.00			2.00			64.00			64.00			64.00			64.00			2.00			2.00			2.00			2.00			64.00			64.00			64.00			64.00


			(10bis) Number of receive antennas			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)			0.00			0.00			0.00			0.00			15.05			15.05			15.05			15.05			0.00			0.00			0.00			0.00			15.05			15.05			15.05			15.05


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			19080000.00			-			19080000.00			-			360000.00			-			360000.00			-			18360000.00			-			18360000.00			-			360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.18			-			-92.18			-			-105.40			-			-105.40			-			-92.35			-			-92.35			-			-105.40			-			-105.40


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.35			-			-92.35			-			-102.45			-			-102.45			-			-92.35			-			-92.35			-			-102.45			-			-102.45			-


			(19a) Required SNR for the control channel (dB) 			-			-4.60			-			-4.50			-			-5.00			-			-7.50			-			-9.40			-			-9.70			-			-9.40			-			-10.00


			(19b) Required SNR for the data channel (dB) 			2.80			-			-0.50			-			1.28			-			0.45			-			0.20			-			-0.80			-			-2.00			-			-2.00			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-94.78			-			-94.68			-			-108.40			-			-110.90			-			-99.75			-			-100.05			-			-112.80			-			-113.40


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-88.05			-			-91.35			-			-99.67			-			-100.50			-			-90.65			-			-91.65			-			-102.95			-			-102.95			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis)  − (22a)   dB			-			163.90			-			163.80			-			153.45			-			155.95			-			168.86			-			169.16			-			157.85			-			158.45


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			157.16			-			160.46			-			144.72			-			145.55			-			159.76			-			160.76			-			148.00			-			148.00			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			8.00			8.00			8.00			8.00			8.00			8.00			8.00			8.00			6.00			6.00			8.00			8.00			6.00			6.00			8.00			8.00


			Penetration Loss std deviation (dB)(ii)


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			10.45			-			10.00			-			10.45			-			10.00			-			8.06			-			8.29			-			8.06			-			8.29


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			6.61			-			6.30			-			6.61			-			6.30			-			4.79			-			5.02			-			4.79			-			5.02			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			11.90			11.90			9.00			9.00			11.90			11.90			9.00			9.00			11.90			11.90			9.00			9.00			11.90			11.90


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			143.45			-			140.90			-			131.00			-			131.05			-			150.80			-			147.97			-			137.79			-			135.26


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			140.55			-			141.26			-			126.11			-			124.35			-			144.97			-			142.84			-			131.21			-			128.08			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			5002.27			-			4296.97			-			2381.83			-			2388.94			-			7755.33			-			6551.60			-			3569.98			-			3070.29


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			4210.03			-			4392.01			-			1780.14			-			1602.87			-			5478.91			-			4825.70			-			2412.48			-			2001.92			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			78611258.10			-			58006222.42			-			17822671.18			-			17929213.10			-			188951331.93			-			134848015.87			-			40038906.68			-			29614705.65


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			55682774.89			-			60600560.46			-			9955397.97			-			8071341.61			-			94305817.94			-			73159574.90			-			18284325.86			-			12590499.15			-


			dBP						s																					769.30


			pathloss at dBP








Rural(700MHz, NR DDDSU DDSUU)


			Item			DL												UL


						NR PDSCH (NLOS)			NR PDCCH (NLOS)			NR PDSCH (NLOS O-to-I)			NR PDCCH (NLOS O-to-I) 			NR PUSCH (NLOS)			NR PUCCH (NLOS)			NR PUSCH (NLOS O-to-I)			NR PUCCH (NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70


			BS antenna heights (m)			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			128000.00			-			128000.00			-			4000.00			-			4000.00


			Transmission bit rate for data channel (bit/s)			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.56			-			0.56			-			0.46			-			0.46			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			120.00			120.00			3.00			3.00			120.00			120.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			64.00			64.00			64.00			64.00			1.00			1.00			1.00			1.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00			1.00			1.00			1.00			1.00


			(2) Maximal transmit power per antenna (dBm)			31.00			31.00			31.00			31.00			23.00			23.00			23.00			23.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			49.06			49.06			49.06			49.06			23.00			23.00			23.00			23.00


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			15.05			15.05			15.05			15.05			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			69.11			69.11			69.11			69.11			22.00			22.00			22.00			22.00


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			69.11			69.11			69.11			69.11			22.00			22.00			22.00			22.00


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			2.00			2.00			2.00			2.00			64.00			64.00			64.00			64.00


			(10bis) Number of receive antennas			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)			0.00			0.00			0.00			0.00			15.05			15.05			15.05			15.05


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			18360000.00			-			360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.35			-			-92.35			-			-105.40			-			-105.40


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.35			-			-92.35			-			-102.45			-			-102.45			-


			(19a) Required SNR for the control channel (dB) 			-			-6.48			-			-6.47			-			-6.40			-			-5.90


			(19b) Required SNR for the data channel (dB) 			1.06			-			0.23			-			-0.13			-			-0.22			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-96.83			-			-96.82			-			-109.80			-			-109.30


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-89.79			-			-90.63			-			-101.08			-			-101.17			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis)  − (22a)   dB			-			165.94			-			165.93			-			154.85			-			154.35


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			158.90			-			159.74			-			146.13			-			146.22			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			8.00			8.00			8.00			8.00			8.00			8.00			8.00			8.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			10.45			-			10.00			-			10.45			-			10.00


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			6.61			-			6.30			-			6.61			-			6.30			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			11.90			11.90			9.00			9.00			11.90			11.90


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			145.49			-			143.03			-			132.40			-			129.45


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			142.29			-			140.54			-			127.52			-			125.02			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			5651.38			-			4880.66			-			2589.10			-			2171.65


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			4670.08			-			4206.27			-			1936.20			-			1668.17			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			100336328.61			-			74835424.18			-			21059543.97			-			14816012.06


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			68517008.48			-			55583301.53			-			11777482.86			-			8742401.59			-











Rural(700MHz, NR DDDDD DDSUU)


			c			DL												UL


						NR PDSCH (NLOS)			NR PDCCH (NLOS)			NR PDSCH (NLOS O-to-I)			NR PDCCH (NLOS O-to-I)			NR PUSCH (NLOS)			NR PUCCH (NLOS)			NR PUSCH (NLOS O-to-I)			NR PUCCH (NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70


			BS antenna heights (m)			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			128000.00			-			128000.00			-			4000.00			-			4000.00


			Transmission bit rate for data channel (bit/s)			6744699.00			-			6744699.00			-			224640.00			-			224640.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.49			-			0.49			-			0.64			-			0.64			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			120.00			120.00			3.00			3.00			120.00			120.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			64.00			64.00			64.00			64.00			1.00			1.00			1.00			1.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00			1.00			1.00			1.00			1.00


			(2) Maximal transmit power per antenna (dBm)			31.00			31.00			31.00			31.00			23.00			23.00			23.00			23.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			49.06			49.06			49.06			49.06			23.00			23.00			23.00			23.00


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			15.05			15.05			15.05			15.05			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			69.11			69.11			69.11			69.11			22.00			22.00			22.00			22.00


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			69.11			69.11			69.11			69.11			22.00			22.00			22.00			22.00


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			2.00			2.00			2.00			2.00			64.00			64.00			64.00			64.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)			0.00			0.00			0.00			0.00			15.05			15.05			15.05			15.05


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			18360000.00			-			360000.00			-			360000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18360000.00			-			18360000.00			-			1440000.00			-			1440000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.35			-			-92.35			-			-105.40			-			-105.40


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.35			-			-92.35			-			-102.45			-			-102.45			-


			(19a) Required SNR for the control channel (dB) 			-			-6.99			-			-7.00			-			-6.36			-			-5.80


			(19b) Required SNR for the data channel (dB) 			1.08			-			-0.10			-			3.88			-			2.70			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-97.34			-			-97.35			-			-109.76			-			-109.20


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-89.77			-			-90.95			-			-97.07			-			-98.25			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis)  − (22a)   dB			-			166.45			-			166.46			-			154.81			-			154.25


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			158.88			-			160.06			-			142.12			-			143.30			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			8.00			8.00			8.00			8.00			8.00			8.00			8.00			8.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			10.45			-			10.00			-			10.45			-			10.00


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			6.61			-			6.30			-			6.61			-			6.30			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			11.90			11.90			9.00			9.00			11.90			11.90


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			146.00			-			143.56			-			132.36			-			129.34


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			142.27			-			140.86			-			123.51			-			122.10			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			5825.79			-			5036.28			-			2582.94			-			2158.32


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			4664.52			-			4287.68			-			1524.60			-			1401.43			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			106625293.21			-			79683856.23			-			20959369.55			-			14634576.72


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			68353856.00			-			57755703.23			-			7302306.00			-			6170095.49			-




















UMa-mMTC (NR FDD)


			Item			DL												UL


						PDSCH (NLOS)			PDCCH (NLOS)			PDSCH (NLOS O-to-I)			PDCCH (NLOS O-to-I)			PUSCH  (NLOS)			PUCCH   (NLOS)			PUSCH  (NLOS O-to-I)			PUCCH  (NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70


			BS antenna heights (m)			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			99%			-			99%			-			99%			-			99%


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			99%			-			99%			-			99%			-			99%			-


			Transmission bit rate for control channel (bit/s)			-			64,000			-			64,000						2,000						2,000


			Transmission bit rate for data channel (bit/s)			1,000,000			-			1,000,000			-			36,000			-			36,000			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(2) (bit/s/Hz)			0.11			-			0.11			-			0.10000			-			0.10000			-


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			LOS			LOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0) NOTE1			16			16			16			16			1			1			1			1


			(1bis) Number of transmit antenna ports			2			2			2			2			23			23			23			23


			(2) Maximal transmit power per antenna (dBm)			24.76			24.76			24.76			24.76			23.00			23.00			23.00			23.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0) NOTE2			36.80			36.80			36.80			36.80			23.00			23.00			23.00			23.00


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			9.03			9.03			9.03			9.03			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			0.00			0.00			0.00			0.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			50.83			50.83			50.83			50.83			23.00			23.00			23.00			23.00


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			50.83			50.83			50.83			50.83			23.00			23.00			23.00			23.00


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			2			2			2			2			32			32			32			32


			(10bis) Number of receive antenna ports			1			1			1			1			4			4			4			4


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			0.00			0.00			0.00			0.00			9.03			9.03			9.03			9.03


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			0.00			0.00			0.00			0.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			9,360,000			-			9,360,000			-			180,000			-			180,000


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9,360,000			-			9,360,000			-			360,000			-			360,000			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-95.28			-			-95.28			-			-108.41			-			-108.41


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-95.28			-			-95.28			-			-108.47			-			-108.47			-


			(19a) Required SNR for the control channel (dB) 			-			-7.40			-			-7.50			-			-6.30			-			-6.30


			(19b) Required SNR for the data channel (dB) 			-6.00			-			-6.00			-			-6.00			-			-6.00			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.00			-			0.00			-			0.00			-			0.00			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-100.68			-			-100.78			-			-112.71			-			-112.71


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-99.28			-			-99.28			-			-112.47			-			-112.47			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			151.51			-			151.61			-			152.74			-			152.74


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			150.11			-			150.11			-			152.50			-			152.50			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			6.00			6.00			7.00			7.00			6.00			6.00			7.00			7.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			10.26			-			18.34			-			10.26			-			18.34


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			10.26			-			18.34			-			10.26			-			18.34			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			0.00			0.00			26.25			26.25			0.00			0.00			26.25			26.25


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			141.25			-			107.02			-			139.48			-			105.15


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			139.85			-			105.52			-			139.24			-			104.91			-


			Range/coverage efficiency calculation





			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)						2224.07						295.97						2003.58						265.06


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			2047.98						270.94						1976.01						261.42


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			15539861.67			-			275204.77			-			12611394.86			-			220726.37


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			13176475.13			-			230616.48			-			12266707.99			-			214693.61			-








			NOTE1: The term "antenna" is understood as antenna elements.


			NOTE2: In-band mode is assumed for NB-IoT, which results in 35dBm transmission power.








UMa-URLLC (700MHz NR )


			Item			UL			DL						UL						DL						UL			DL						DL


						NR PUSCH (NLOS)			NR PDCCH (NLOS)			NR PDSCH (NLOS)			NR PUCCH (NLOS)			NR PUSCH (NLOS O-to-I)			NR PDCCH (NLOS O-to-I)			NR PDSCH (NLOS O-to-I)			NR PUCCH (NLOS O-to-I)			NR PDCCH (LOS)			NR PDSCH (LOS)			NR PDCCH (LOS O-to-I)			NR PDSCH (LOS O-to-I)


			System configuration


			Carrier frequency (GHz)			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70


			BS antenna heights (m)			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			-			95%			-			95%			-			95%			-			95%			95%			-			95%			-


			Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			-			90%			-			90%			-			90%			-			-			90%			-			90%


			Transmission bit rate for control channel (bit/s)			-						-						-						-									-						-


			Transmission bit rate for data channel (bit/s)			256000.00			-			256000.00			-			256000.00			-			256000.00			-			-			256000.00			-			256000.00


			Target packet error rate for the required SNR in item (19a) for control channel			-			0.00			-			0.00			-			0.00			-			0.00			0.001%			-			0.001%			-


			Target packet error rate for the required SNR in item (19b) for data channel			0.00			-			0.00			-			0.00			-			0.00			-			-			0.001%			-			0.001%


			Spectral efficiency(2) (bit/s/Hz)			0.04			-			0.01			-			0.04			-			0.01			-			-			0.02			-			0.01


			Pathloss model(3) (select from LoS or NLoS)			NLOS			NLOS			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS O-to-I			NLOS O-to-I			LOS			LOS			LOS O-to-I			LOS O-to-I


			UE speed (km/h)			30.00			30.00			30.00			30.00			3.00			3.00			3.00			3.00			30.00			30.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			1.00			64.00			64.00			1.00			1.00			64.00			64.00			1.00			64.00			64.00			64.00			64.00


			(1bis) Number of transmit antenna ports			1.00			2.00			2.00			1.00			1.00			2.00			2.00			1.00			2.00			2.00			2.00			2.00


			(2) Maximal transmit power per antenna (dBm)			23.00			28.00			28.00			23.00			23.00			28.00			28.00			23.00			28.00			28.00			28.00			28.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			23.00			46.06			46.06			23.00			23.00			46.06			46.06			23.00			46.06			46.06			46.06			46.06


			(4) Transmitter antenna gain (dBi)			0.00			8.00			8.00			0.00			0.00			8.00			8.00			0.00			8.00			8.00			8.00			8.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			0.00			15.05			15.05			0.00			0.00			15.05			15.05			0.00			15.05			15.05			15.05			15.05


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			1.00			3.00			3.00			1.00			1.00			3.00			3.00			1.00			3.00			3.00			3.00			3.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			22.00			66.11			66.11			22.00			22.00			66.11			66.11			22.00			66.11			66.11			66.11			66.11


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			22.00			66.11			66.11			22.00			22.00			66.11			66.11			22.00			66.11			66.11			66.11			66.11


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			64.00			2.00			2.00			64.00			64.00			2.00			2.00			64.00			2.00			2.00			2.00			2.00


			(10bis) Number of receive antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			8.00			0.00			0.00			8.00			8.00			0.00			0.00			8.00			0.00			0.00			0.00			0.00


			(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)			15.05			0.00			0.00			15.05			15.05			0.00			0.00			15.05			0.00			0.00			0.00			0.00


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			3.00			1.00			1.00			3.00			3.00			1.00			1.00			3.00			1.00			1.00			1.00			1.00


			(13) Receiver noise figure (dB)			5.00			7.00			7.00			5.00			5.00			7.00			7.00			5.00			7.00			7.00			7.00			7.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-			-169.30			-			-161.70			-			-169.30			-			-161.70			-169.30			-			-169.30			-


			(15b) Receiver interference density for data channel (dBm/Hz) 			-165.70			-			-169.30			-			-165.70			-			-169.30			-			-			-169.30			-			-169.30


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-			-164.99			-			-160.96			-			-164.99			-			-160.96			-164.99			-			-164.99			-


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )			-164.03			-			-164.99			-			-164.03			-			-164.99			-			-			-164.99			-			-164.99


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			18360000.00			-			360000.00			-			18360000.00			-			360000.00			18360000.00			-			18360000.00			-


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			5760000.00			-			18360000.00			-			5760000.00			-			18360000.00			-			-			18360000.00			-			18360000.00


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.35			-			-105.40			-			-92.35			-			-105.40			-92.35			-			-92.35			-


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-96.43			-			-92.35			-			-96.43			-			-92.35			-			-			-92.35			-			-92.35


			(19a) Required SNR for the control channel (dB) 			-			-3.20			-			4.20			-			-3.25			-			4.20			-8.80			-			-9.00			-


			(19b) Required SNR for the data channel (dB) 			-2.00			-			-2.60			-			-1.90			-			-2.55			-			-			-6.50			-			-6.70


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00			0.00			-			0.00			-


			(21b) H-ARQ gain for data channel (dB)			0.50			-			0.50			-			0.50			-			0.50			-			-			0.50			-			0.50


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-93.55			-			-99.20			-			-93.60			-			-99.20			-99.15			-			-99.35			-


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-96.93			-			-93.45			-			-96.83			-			-93.40			-			-			-97.35			-			-97.55


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			159.66			-			144.25			-			159.71			-			144.25			165.26			-			165.46			-


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			141.98			-			159.56			-			141.88			-			159.51			-			-			163.46			-			163.66


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			6.00			6.00			6.00			6.00			7.00			7.00			7.00			7.00			4.00			4.00			7.00			7.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			5.57			-			5.57			-			9.06			-			9.06			2.96			-			8.71			-


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			3.01			-			3.01			-			5.59			-			5.59			-			-			1.12			-			5.29


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB) 			0.00			0.00			0.00			0.00			14.41			14.40			14.40			14.41			0.00			0.00			14.40			14.40


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			153.09			-			135.68			-			135.26			-			117.79			161.30			-			141.35			-


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			135.98			-			155.56			-			118.88			-			138.52			-			-			161.34			-			142.97


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)						4469.42						1601.69						1562.71						558.16			3.66E-06						1.16E-06


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1630.15			-			5168.05			-			595.49			-			1894.20			-						3.67E-06						1.27E-06


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			62755446.52			-			8059453.58			-			7671995.39			-			978729.04			4.21E-11			-			4.23E-12			-


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			8348417.95			-			83907910.86			-			1114044.95			-			11272012.85			-			-			4.22E-11			-			5.10E-12


			dBP																											105000000000
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MaxN_RB


						Transmission bandwidth configuration NRB in NR


						FR1


						SCS (kHz)			5MHz			10MHz			15MHz			20 MHz			25 MHz			30 MHz			40 MHz			50MHz			60 MHz			70			80 MHz			90 MHz			100 MHz


																																				MHz


									NRB			NRB			NRB			NRB			NRB			NRB			NRB			NRB			NRB			NRB			NRB			NRB			NRB


						15			25			52			79			106			133			160			216			270			N/A			N.A			N/A			N/A			N/A


						30			11			24			38			51			65			78			106			133			162			189			217			245			273


						60			N/A			11			18			24			31			38			51			65			79			93			107			121			135





						FR2


						SCS [kHz]			50 MHz			100 MHz			200 MHz			400 MHz


									NRB			NRB			NRB			NRB


						60			66			132			264			N.A


						120			32			66			132			264
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1. [bookmark: _Toc26224891]Peak Spectral Efficiency


1.1 [bookmark: _Toc26224892]Requirements





			Performance Measure


			ITU Requirements





			Peak Spectral Efficiency


			DL: 30 bps/Hz
UL: 10 bps/Hz











1.2 [bookmark: _Toc26224893]Evaluation Methodology


(Section 7.2.1 of M.2412)





The proponent should report the assumed frequency band(s) of operation and channel bandwidth, for which the peak spectral efficiency value is achievable.





For TDD, the channel bandwidth information should include the effective bandwidth, which is the operating bandwidth normalized appropriately considering the uplink/downlink ratio.





· The antenna configuration to be assumed for calculation of peak spectral efficiency as well as peak data rate is defined in the M.2412 report (reproduced below). 


· L1 and L2 overhead (OH) should be accounted for in time and frequency, in the same way as assumed for the “Average spectral efficiency”


· Proponents should demonstrate that the peak spectral efficiency requirements can be met for, at least, one of the carrier frequencies assumed in the test environments under the eMBB usage scenario.





As recommended in the M.2412, we have evaluated the Peak-spectral efficiency for the following Test environments - Rural, Urban Macro and Indoor Hotspot for the two frequency ranges FR1 - f<6GHz and FR2 : >24.25 GHz





	Table 1 Evaluation configuration parameters for analytical assessment of peak data rate, peak spectral efficiency (from M.2412)





			Parameters


			Values





			Number of BS antenna elements


			700 MHz: Up to 64 Tx/Rx


4 GHz / 30 GHz: Up to 256 Tx /Rx


70 GHz: Up to 1 024 Tx/Rx





			Number of UE antenna elements


			700 MHz / 4 GHz: Up to 8 Tx /Rx


30 GHz: Up to 32 Tx /Rx


70 GHz: Up to 64 Tx /Rx
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1.3 [bookmark: _Toc26224894]Results 





The 3GPP candidate technology supports various channel BW as well as aggregation of multiple carriers. For a given channel and the sub-carrier spacing (SCS) used the total subcarrier available in carrier (OFDM symbol) varies. A PRB (Physical Resource Block) has 12 subcarriers and 7 or 14 OFDM symbols in a slot of transmission (TTI). 


 


The 3GPP RAN4 specifies the maximum number of PRB (Physical Resource Blocks) available for a given SCS (Subcarrier spacing) and channel bandwidth. As shown below for the frequency ranges above and below 6GHz (see [1])








Table 2 Max number of PRBs for FR1


			


			5


MHz


			10 


MHz


			15 


MHz


			20 


MHz


			25 


MHz


			40 


MHz


			50 


MHz


			60 


MHz


			80 


MHz


			100 


MHz





			15


kHz


			25


			52


			79


			106


			133


			216


			270


			NA


			NA


			NA





			30


kHz


			11


			24


			38


			51


			65


			106


			133


			162


			217


			273





			60


kHz


			NA


			11


			18


			24


			31


			51


			65


			79


			107


			135











Table 3 Max number of PRBs for FR2


			SCS 





			50


MHz


			100


MHz


			200


MHz


			400


MHz





			60


kHz


			66


			132


			264


			NA





			120


kHz


			32


			66


			132


			264











Each RB can have 12 subcarriers and will span a bandwidth of 12*SCS. 





For example, in Table 1,  row 2 has 273 PRBs. Each resource block has 12 carriers and each carrier, in turn, is 30 kHz, yielding a carrier bandwidth of 273*12*30 = 98.28 MHz. In the same table, row 3 yields a carrier bandwidth of 135*12*60 = 97.20 MHz.  





In addition, NR can aggregate upto 16 such component carriers which means that other configurations could also potentially provide the requisite ITU bandwidth. The expression for peak maximum data rate is based on 









From the definition and [2] we can derive the generic formula for peak spectral efficiency for FDD and TDD for a specific component carrier (say j-th CC) as below.





                                            (1)


Wherein





· Rmax = 948/1024


· For the j-th CC,


· [image: ] is the maximum number of layers 


· [image: ] is the maximum modulation order


· [image: ]is the scaling factor 


· The scaling factor can at least take the values 1 and 0.75. 


· [image: ]is signalled per band and per band per band combination as per UE capability signalling


· [image: ] is the numerology (as defined in TS38.211)


· [image: ] is the average OFDM symbol duration in a subframe for numerology [image: ], i.e. [image: ]. Note that normal cyclic prefix is assumed.


· [image: ] is the maximum PRB allocation in bandwidth [image: ] with numerology [image: ], as given in TR 38.817-01 section 4.5.1, where [image: ] is the UE supported maximum bandwidth in the given band or band combination.


· 


[image: ]is the overhead  calculated as the average ratio of the number of REs occupied by L1/L2 control, Synchronization Signal, PBCH and reference signals etc. with respect to the total number of REs in effective bandwidth  time product.





− α(j) is the normalized scalar considering the downlink/uplink ratio; for FDD α(j)=1 for DL and UL; and for TDD and other duplexing α(j) for DL and UL is calculated based on the frame structure.


−  For guard period (GP), 50% of GP symbols are considered as downlink overhead, and 50% of GP symbols are considered as uplink overhead.





One of the important factor in the above expression is the OH (overhead) factor due to SSB (Synchronization Signal block), TRS (Tracking Reference Signal), PDCCH (Physical downlink Control channel – CCE in every slot), DM-RS (demodulation reference signal), PT-RS (phase-tracking reference signal) and CSI-RS (channel-state information reference signal) have to be considered. Given the maximum number of Tx/Rx elements, the maximum number of TXRU allows upto 8 layers. 






1.3.1 DL Peak Spectral Efficiency





For frequencies in FR1, for e.g. the 3.5GHz band is considered for early IMT2020 deployments, this band is a TDD band. In FR2, 26GHz, 28GHz bands are supported in 3GPP NR specifications.





3GPP NR candidate supports various TDD slot patterns. Table below shows parameters for a DL centric configuration DDDSU (i.e. Five slots – 3 slots with all downlink only symbols, Special Slot and one slot with all uplink-only symbols). The Special Slot (S) – has 11 DL symbols, 1 GP (Guard), 2 UL symbols.








Table 4 Parameter assumptions of NR TDD DL peak spectral efficiency for for DL dominant frame structure (DDDSU)


			Parameters


			Values


			Remarks





			[image: ]


			FR1: 8


FR2: 6


			NR supports up to 8 layers for a single user for DL in FR1 and 6 layers in FR2 when PTRS is transmitted.





			





			0.7643


			corresponds to DL:UL=4:1, where 3 DLslots, 


1 S slot mixing DL/UL symbols, and 1 UL slot are configured in every 5 slots; S slot includes 11 DL symbols , one symbol for GP, and two UL symbols. 





			[image: ]


			8


			NR supports up to 256QAM for DL





			





			1


			The value of 1 is chosen as scaling factor for DL peak spectral efficiency evaluation.





			Rmax


			948/1024 = 0.9258


			NR supports highest coding rate as Rmax=948/1024.





			





			0, 1, 2, 3


			


SCS





			





			For FR1:


· 270 for 50MHz with 15kHz SCS


· 273 for 100MHz with 30kHz SCS


· 135 for 100MHz with 60kHz SCS


· 


			See Section 5.3.2 of TS38.104 v0.5.0





			





			[image: ]


			


SCS





			





			For FR1:


· 0.121 for 50MHz with 15kHz SCS


· 0.118 for 100MHz with 30kHz SCS


· 0.124 for 100MHz with 60kHz SCS


For FR2:


· 0.115 for 200MHz with 60kHz SCS


0.112 for 400MHz with 120kHz SCS


			50% of GP symbols are considered as downlink overhead.


For FR1:


· CORESET of 24 PRBs (4 CCE) in every slot 


· 12 RE/PRB/slot


· TRS burst of 2 slots with periodicity of 20ms and occupies 52 PRBs


· 12 RE/PRB/20ms


· DMRS: 16 RE/PRB/slot in every slot and PRB


· CSI-RS: 8 CSI-RS ports with 8 RE/PRB/slot with periodicity of 20ms in every PRB


· 1 SS/PBCH blocks per 20ms; one SS/PBCH block occupies 960REs = 4 OFDM symbols × 20 PRB × 12 REs/PRB


NOTE1: if the channel bandwidth is less than the bandwidth of SS/PBCH block, then SS/PBCH block is not transmitted and the overhead of SS/PBCH block is zero.


NOTE2: If the channel bandwidth is less than TRS bandwidth, the TRS bandwidth is assumed to be equal to the channel bandwidth.


For FR2:


· CORESET of 24 PPRBs (4 CCE) in every slot


· 12 RE/PRB/slot


· TRS burst of 2 slots with periodicity of 10ms and occupies 52 PRBs


· 12 RE/PRB/10ms


· DMRS: 12 RE/PRB/slot in every slot and PRB 


· PTRS: 1 port, frequency density is 4 PRB and time domain density is 1 symbol


· CSI-RS: 8 CSI-RS ports with 8 RE/PRB/slot with periodicity of 10ms in every PRB


· CSI-RS for BM: 1 CSI-RS port with 2 RE/PRB/slot with periodicity of 10ms in every PRB


8 SS/PBCH blocks per 20ms; one SS/PBCH block occupies 960REs = 4 OFDM symbols × 20 PRB × 12 REs/PRB





			





			5,10,15,20…100, 200, 400 (FR1 and FR2, SCS)


			See Section 5.3.2 of TS38.104





			





			0, 1, 2, 3


			


SCS





			


			


			














The DL peak spectral efficiency for NR TDD for different bandwidth and SCS parameters is shown in Table 2.1.1-2. The results are according to Eq. (1) and the detailed parameters as listed above. In this evaluation, the DL dominant frame structure “DDDSU” (DL:UL=4:1) is selected.





Table 5 NR TDD DL peak spectral efficiency (bit/s/Hz) (Frame structure: DDDSU, DL:UL=4:1)


			SCS [kHz]


			5


MHz


			10


MHz


			15


MHz


			20 MHz


			25 MHz


			30


MHz


			40 MHz


			50 MHz


			60 MHz


			80 MHz


			90


MHz


			100 MHz


			200 MHz


			400 MHz


			Req.





			FR1


			15


			39.6


			43.6


			44.9


			45.6


			46.1


			46.3


			47.1


			47.2


			-


			-


			-


			-


			-


			-


			30





			


			30


			31.7


			38.4


			42.1


			43.1


			44.4


			44.6


			45.9


			46.3


			47.1


			47.5


			47.7


			47.9


			-


			-


			30





			


			60


			-


			31.8


			37.5


			38.7


			40.9


			42.3


			43.3


			44.5


			45.4


			46.4


			46.8


			47.1


			-


			-


			30





			FR2


			60


			-


			-


			-


			-


			-


			-


			-


			33.7


			-


			-


			-


			34.5


			34.9


			-


			30





			


			120


			-


			-


			-


			-


			-


			-


			-


			31.7


			-


			-


			-


			34.0


			34.7


			35.0


			30











1.3.2 [bookmark: _heading=h.1t3h5sf]UL Peak Spectral Efficiency





Similarly, based on the formula provided in Eq. (1), the UL peak spectral efficiency for NR is derived here. 





The TDD UL peak spectral efficiency for NR TDD for different bandwidth and SCS parameters is evaluated for the same DL dominant frame structure “DDDSU”.





[bookmark: _heading=h.4d34og8]Table A-3 Parameter assumptions of NR UL peak spectral efficiency


			Parameters


			Values


			Remarks





			[image: ]


			4


			NR supports up to 4 layers for a single user for UL





			[image: ]


			8


			NR supports up to 256QAM for UL





			[image: ]


			1


			The value of 1 is chosen as scaling factor for UL peak spectral efficiency evaluation.





			Rmax


			948/1024 = 0.9258


			NR supports highest coding rate as Rmax=948/1024.





			[image: ]


			0, 1, 2, 3


			SCS[image: ]





			[image: ]


			For FR1:


· 270 for 50MHz with 15kHz SCS


· 273 for 100MHz with 30kHz SCS


· 135 for 100MHz with 60kHz SCS


For FR2:


· 264 for 200MHz with 60kHz SCS


· 264 for 400MHz with 120kHz SCS


			See Section 5.3.2 of TS38.104





			[image: ]


			[image: ]


			


SCS





			[image: ]


			See Section 2.3.


			See Section 5.3.2 of TS38.104





			





			0.2357


			This value corresponds to DL:UL=4:1, where 3 DL slots, 1 S slot mixing DL/UL symbols, and 1 UL slot are configured in every 5 slots; S slot includes 11 DL symbols , one symbol for GP, and two UL symbols. 





			[image: ]


			For FR1:


· 0.167 for 50MHz with 15kHz SCS


· 0.16 for 100MHz with 30kHz SCS


· 0.156 for 100MHz with 60kHz SCS


For FR2:


· 0.202 for 200MHz with 60kHz SCS


*    0.195 for 400MHz with 120kHz SCS


			50% of GP symbols are considered as uplink overhead.


For FR1:


· PUCCH: short PUCCH with 1 PRB and 1 symbol in every UL slot 


· DM-RS: 12 RE/PRB/slot


· SRS: 1 symbols per slot with periodicity of 20 ms


For FR2:


· PUCCH: short PUCCH with 1 PRB and 1 symbol in every UL slot


· DM-RS: 12 RE/PRB/slot


· SRS: 1 symbols per slot with periodicity of 5ms


PTRS: 2 ports PTRS, frequency density is 4 PRB, and time domain density is 1 symbol











	


The achievable peak spectral efficiency is shown in the following table.





Table 6 NR TDD UL peak spectral efficiency (bit/s/Hz) for DL dominant frame structure


			SCS [kHz]


			5


MHz


			10


MHz


			15


MHz


			20 MHz


			25 MHz


			30


MHz


			40 MHz


			50 MHz


			60 MHz


			80 MHz


			90


MHz


			100 MHz


			200 MHz


			400 MHz


			Req.





			FR1


			15


			20.6


			21.5


			21.8


			22.0


			22.0


			22.1


			22.1


			22.4


			-


			-


			-


			-


			-


			-


			15





			


			30


			18.2


			20.0


			21.1


			21.3


			21.7


			21.7


			22.2


			22.2


			22.6


			22.7


			22.8


			22.8


			-


			-


			15





			


			60


			-


			18.3


			20.0


			20.1


			20.8


			20.8


			21.4


			21.8


			22.1


			22.5


			22.6


			22.7


			-


			-


			15





			FR2


			60


			-


			-


			-


			-


			-


			-


			-


			20.9


			-


			-


			-


			21.0


			21.0


			-


			15





			


			120


			-


			-


			-


			-


			-


			-


			-


			20.4


			-


			-


			-


			21.1


			21.2


			21.2


			15











1.4 [bookmark: _heading=h.2s8eyo1][bookmark: _Toc26224895]Evaluation Report








			Minimum technical performance requirements item 


			Category


			Required value


			Value(2)


			Requirement met?





			5.2.4.3.2
Peak spectral efficiency (bit/s/Hz)
(4.2)


			eMBB


Enviornment : Not applicable





			DL :30


			31.7 - 47.9


			Yes
 





			


			


			UL : 15


			18.2 - 22.8


			Yes












2. [bookmark: _Toc26224896]Peak Data Rate


2.1 [bookmark: _Toc26224897]Requirements





The minimum requirements for peak data rate are as follows:





			Performance Measure


			ITU Requirements





			Peak data rate


			DL: 20 Gb/s
UL: 10 Gb/s














2.2 [bookmark: _Toc26224898]Evaluation Methodology





The proponent should report the peak data rate value achievable by the candidate RITs/SRITs and identify the assumed frequency band(s) of operation, the maximum assignable channel bandwidth in that band(s) and the main assumptions related to the peak spectral efficiency over the assumed frequency band(s) (e.g. antenna configuration).





Proponents should demonstrate that the peak data rate requirement can be met for, at least, one carrier frequency or a set of aggregated carrier frequencies (where it is the case), assumed in the test environments under the eMBB usage scenario.








2.3 [bookmark: _Toc26224899]Results


2.3.1 Downlink





When assessing the downlink peak data-rate, the overheads due to SSB, TRS, PDCCH, DM-RS, PT-RS and CSI-RS have to be considered. These are shown in table below.





To achieve peak data rates of 20 Gbits/s, bandwidths of the order of 400 MHz are required, so the evaluation focuses on frequencies above 6 GHz. 





   Table 1 Evaluation assumptions for peak data-rate (FR2)


			Parameter


			Setting





			SSB (synchronization signal block)


			8 SSBs per 20 ms





			TRS (tracking reference signal)


			Minimum (52, BW in PRBs) PRB wide, occurs every 20 ms





			PDCCH (physical downlink control channel)


			4 CCE in every slot





			DM-RS (demodulation reference signal)


			2 complete symbols per slot





			CSI-RS (channel-state information reference signal)


			8 RE per PRB, occurs every 10 ms





			PT-RS (phase-tracking reference signal)


			1 subcarrier every 4th PRB, every symbol





			Number of layers


			8





			Modulation format


			256QAM





			Code rate


			0.93











Using the MATLAB formulation given below evaluates the peak data rate with the above assumption and [3],[4]





DRdl = repmat(Nslots/s, Nrows, size(BWSC,2))*NRE/slot*(1-OHdl)*Nlayers*Modformat*CR





where 


DRdl = date-rate on the DL


B = repmat(A,m,n) creates a large matrix B consisting of an m-by-n tiling 


of copies of A


s = size(A) returns a row vector whose elements contain the length of the corresponding dimension of A


NRE = no of resource elements 


OHdl = overhead on the DL





For more details about the formula itself, the reader is referred to [4] and [5]. 





For a 400 MHz wide component carrier, the peak data rate is 17.49 Gbits/s. Aggregating two such component carriers consume a bandwidth of 800 MHz and gives a peak data-rate of about 35 Gbits/s, well beyond the passing criterion of 20 Gbits/s. 








Table 2 Downlink peak data-rate in Gbps (1 CC)


			


			50


MHz


			100


MHz


			200


MHz


			400


MHz





			60


kHz


			2.11


			4.32


			8.73


			NaN





			120


kHz


			1.98


			4.25


			8.66


			17.49















2.3.2 Uplink





The evaluation parameters for the uplink are listed in Table 3. The overheads due to DM-RS, PT-RS, SRS, and PUCCH are considered. The ITU peak data rate targets are fulfilled for carrier aggregation of two 400 MHz wide component carriers, see Table 4. 





Table 3 Evaluation Assumptions for peak data-rate for uplink


			Parameter


			Setting





			DM-RS


			1 complete symbol per slot





			PT-RS


			1 subcarrier every 4th PRB, every symbol





			SRS


			1 complete symbol every 10 ms





			PUCCH


			Long PUCCH with 2 PRB over slot in every slot





			Number of layers


			4





			Modulation format


			256QAM





			Code rate


			0.93

















Table 4 Uplink peak data-rate in Gbps (per CC)


			


			50


MHz


			100 


MHz


			200 


MHz


			400 


MHz





			60 


kHz


			1.16


			2.35


			4.74


			NaN





			120 


kHz


			1.08


			2.31


			4.71


			9.50








BW


SCS





2.4 [bookmark: _Toc26224900]Evaluation Report





			Minimum technical performance requirements item 


			Category


			Required value


			Value(2)


			Requirement met?


			Comment





			5.2.4.3.1 


Peak data rate (Gbit/s)
(4.1)


			eMBB





Environment : No specific 


			Downlink  : 20


			21.1-34.98


			Yes
 


			Using multiple CC for BW 500-800MHz





			


			


			Uplink :10


			10.8-19


			Yes


			By using multiple component Carriers for aggregate BW of 500MHz-800MHz in FR2











3. 



3. [bookmark: _Toc26224901]User Experienced Data Rate


3.1. [bookmark: _Toc26224902]Requirements


The system performance in terms of user-experienced data-rate is to be evaluated in the DU geographic environment. The target values are set as 





			Performance Measure


			ITU Requirements





			User Experienced Data rate


			DL: 100 Mbps


UL: 50 Mbps











3.2. [bookmark: _Toc26224903]Evaluation Methodology 





The IMT-2020 technical requirement on user-experienced data-rate is defined as the 5% point of the cumulative distribution function of the user throughput, which, in turn, represents the number of correctly received bits, i.e. the number of bits contained in the service data units delivered to layer 3, over a certain period of time. 





In the case of one frequency band and one layer of transmission reception points (TRxP), the user-experienced data-rate is computed as





where  is the 5th percentile user spectral efficiency and  denotes the channel bandwidth. 


In case bandwidth is aggregated across multiple bands (one or more TRxP layers), the user-experienced data-rate will be summed over the bands.


These values are defined assuming supportable bandwidth for each test environment. However, the bandwidth assumption does not form part of the requirement; it should be reported by the proponent instead. 





3.3. [bookmark: _Toc26224904]Results





[Editor Note : To be updated in the final report]









3.4. [bookmark: _Toc26224905]Evaluation Report





			Minimum technical performance requirements item 


			Category


			Required value


			Values(2)


			Requirement met?


			Comments





			5.2.4.3.3
User experienced data rate (Mbit/s)
(4.3)


			eMBB-DenseUrban





			Downlink : 100


Uplink : 50


			


			 Yes
 No


			












1. [bookmark: _Toc26224906]Area traffic capacity


4.1 [bookmark: _Toc26224907]Requirements


Area traffic capacity is defined as the total traffic throughput served per geographic area (in Mbits/s/m2). The throughput is the number of correctly received bits, i.e. the number of bits contained in the service data units delivered to layer 3, over a certain period of time. 


The requirement is defined for the purpose of evaluation in the Indoor Hotspot (InH) eMBB test environment, where the target value for the area traffic capacity on the downlink is 10 Mbits/s/m2.





4.2 [bookmark: _Toc26224908]Evaluation Methodology





The evaluation is conducted in Indoor Hotspot-eMBB test environment where a single band is considered.





Area traffic capacity is derived based on the achievable average spectral efficiency, TRxP density and bandwidth.





Let W denote the channel bandwidth and the TRxP density (TRxP/m2). The area traffic capacity Carea is related to average spectral efficiency SEavg as follows:


		Carea = ρ × W × SEavg





In case multiple bands are aggregated, the area traffic capacity will be summed over the bands.


4.3 [bookmark: _Toc26224909]Results 


[Editor Note: Results to be updated in the Final report]





4.4 [bookmark: _Toc26224910]
Evaluation Report


	


			Minimum technical performance requirements item 


			Category


			Required value


			Value(2)


			Requirement met?


			Comments





			5.2.4.3.6
Area traffic capacity (Mbit/s/m2)
(4.6)


			eMBB


(Indoor-Hotspot)





			DL : 10


			


			 Yes
 No


			








 






1. [bookmark: _Toc26224911]Control Plane Latency


5.1 [bookmark: _Toc26224912]Requirements





According to Report ITU-R M.2410, control plane latency refers to the transition time from a most “battery efficient” state (e.g. Idle state) to the start of continuous data transfer (e.g. Active state).





This requirement is defined for the purpose of evaluation in the eMBB and URLLC usage scenarios.





The minimum requirement for control plane latency is 20ms. 





			Technical performance requirement


			Value





			Control plane latency for eMBB (ms)


			20





			Control plane latency for URLLC (ms)


			20











5.2 [bookmark: _Toc26224913]Evaluation Methodology 





The proponent should provide the elements and their values in the calculation of the control plane latency. Table below from the M.2412 provides an example of the elements in the calculation of the control plane latency.





	Example of control plane latency analysis template


			Step


			Description


			Value





			1


			Random access procedure


			





			2


			UL synchronization


			





			3


			Connection establishment + HARQ retransmission 


			





			4


			Data bearer establishment + HARQ retransmission 


			





			


			Total control plane latency


			











5.3 [bookmark: _Toc26224914]Results 





In 3GPP, Radio Connection between UE and Network is done through RRC re configuration. It is necessary to study the transition of states and exchange of signals during the Radio Resource Control configuration.





RRC Inactive state to the RRC Active state transition is shown in the figure below:


[image: ]


Processing Delay :





In our evaluation, the assumption is that the minimum timing capabilities have been agreed for NR. With the UE capability, the minimum UL timing is set to be 3 symbols for both 15 kHz and 30 kHz SCS. For 120kHz, the assumption is made of 9 symbols timing.





With mini-slots, the TTIs can have different lengths and we have therefore counted the processing in terms of the shortest considered TTI, which is 4 symbols. For simplicity, the processing delay is therefore set to 1 TTI for both 15 and 30 kHz SCS and 3 TTI at 120 kHz SCS, in both gNB and UE.





The RRC processing delays are assumed to be of a fixed value of 3ms, as discussed in [5].





For the evaluation of latency, it is assumed that the UE works with n+2 timing and the gNB with n+3 timing as the fastest options, i.e. that the processing budget is 1 and 2 TTIs, respectively. This is for 15 and 30 kHz SCS. For 120kHz, the processing delay is doubled in TTIs, giving n+3 timing for the UE and n+5 timing for gNB.





With the assumptions described above, the resulting CP latency will be as outlined in Table below. As can be seen, the total worst-case delay sums up in the range 9-14 TTIs + 6ms for FDD.





			Component


			Description


			Latency





			


			


			15/30kHz


			120kHz





			1


			Worst-case delay due to RACH scheduling period (1TTI period)


			1TTI


			1TTI





			2


			Transmission of RACH Preamble


			1TTI


			1TTI





			3


			Preamble detection and processing in gNB


			1TTI


			3TTI





			4


			Transmission of RA response


			1TTI


			1TTI





			5


			UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)


			1TTI


			2TTI





			6


			Transmission of RRC Connection Resume Request


			1 TTI


			1 TTI





			7


			Processing delay in gNB (L2 and RRC)


			3 ms


			3 ms





			8


			Transmission of RRC Connection Resume (and UL grant)


			1 TTI


			1 TTI





			9


			Processing delay in the UE (L2 and RRC)


			3 ms


			3 ms





			10


			Transmission of RRC Connection Resume Complete (including NAS Service Request)


			1 TTI


			1 TTI





			11


			Processing delay in gNB (Uu –> S1-C)


			1 TTI


			3 TTI





			 


			Total delay


			9 TTI + 6 ms


			14 TTI + 6ms











The worst-case Control Plane (CP) latency in 3GPP NR Rel.15 FDD is estimated to be 9TTI+6ms for 15/30kHz SCS and 14TTI+6ms at 120kHz.


For various number of symbols per TTI and SCS the table below lists the CP latency in ms (FDD).





			CP latency (ms)


			15kHz SCS


			30kHz SCS


			120kHz SCS





			14-symbol TTI


			15 (TTI=1ms : 9+6)


			10.5


			7.8





			7-symbol TTI


			10.5 (TTI=0.5ms )


			8.3


			6.9





			4-symbol TTI


			8.6 (TTI=0.2888ms)


			7.3


			6.5











It can be noted that by using SCS of 120kHz the NR can have control plane latency <10ms. And also for typical SCS of 15/30kHz the control plane latency is <20m.


NR in TDD 





For the TDD slot sequence, two cases are studied: an alternating UL-DL sequence, and a DL-heavy UDDD sequence. Due to the slot sequence, additional alignment delays are added.





			Component


			Description


			
UL-DL Latency





			
UL-DL-DL-DL Latency








			


			


			15/30kHz


			120kHz


			15/30kHz


			120kHz





			1


			Worst-case delay due to RACH scheduling period (1TTI period)


			2 TTI


			2 TTI


			4 TTI


			4 TTI





			2


			Transmission of RACH Preamble


			1 TTI


			1 TTI


			1 TTI


			1 TTI





			3


			Preamble detection and processing in gNB


			1 TTI


			3 TTI


			1 TTI


			3 TTI





			4


			DL slot alignment


			1 TTI


			1 TTI


			0 TTI


			1 TTI





			5


			Transmission of RA response


			1 TTI


			1 TTI


			1 TTI


			1 TTI





			6


			UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)


			1 TTI


			3 TTI


			1 TTI


			3 TTI





			7


			UL slot alignment


			1 TTI


			1 TTI


			0 TTI


			3 TTI





			8


			Transmission of RRC Connection Resume Request


			1 TTI


			1 TTI


			1 TTI


			1 TTI





			9


			Processing delay in gNB (L2 and RRC)


			3 ms


			3 ms


			3 ms


			3 ms





			10


			DL slot alignment


			1 TTI


			1 TTI


			0 TTI


			1 TTI





			11


			Transmission of RRC Connection Resume (and UL grant)


			1 TTI


			1 TTI


			1 TTI


			1 TTI





			12


			Processing delay in the UE (L2 and RRC)


			3 ms


			3 ms


			3 ms


			3 ms





			13


			UL slot alignment


			1 TTI


			1 TTI


			0 TTI


			3 TTI





			14


			Transmission of RRC Connection Resume Complete (including NAS Service Request)


			1 TTI


			1 TTI


			1 TTI


			1 TTI





			15


			Processing delay in gNB (Uu –> S1-C)


			1 TTI


			3 TTI


			1 TTI


			3 TTI





			 


			Total delay


			14 TTI + 6 ms


			20 TTI + 6 ms


			12 TTI + 6 ms


			26 TTI + 6 ms











With the assumptions described above, the resulting CP latency will be as outlined in Table 3. As can be seen, the total worst-case delay sums up in the range 12-26 TTI + 6ms for TDD.


The worst case CP latency in NR Rel-15 TDD is with alternating UL-DL pattern, and is 14TTI+6ms.





With different TTI lengths and SCSs, the absolute delay will differ, as shown in Tables below. 





For the alternating UL-DL TDD pattern





CP Latency for UL-DL pattern


			CP latency (ms)


			15kHz SCS


			30kHz SCS


			120kHz SCS





			14-symbol TTI


			20


			13


			8.5





			7-symbol TTI


			13


			9.5


			7.3





			4-symbol TTI


			10


			8.0


			6.7








[bookmark: _Ref283033]


CP Latency for UL-DL-DL-DL pattern


			CP latency (ms)


			15kHz SCS


			30kHz SCS


			120kHz SCS





			14-symbol TTI


			18


			12


			9.3





			7-symbol TTI


			12


			9.0


			7.6





			4-symbol TTI


			9.4


			7.7


			6.9








 


As can be seen in the tables, all considered configurations fulfil the 20ms requirement.









5.4 [bookmark: _Toc26224915]Evaluation Report





			Minimum technical performance requirements item 


			Category


			Required value


			Value(2)


			Requirement met?


			Comment





			5.2.4.3.8
Control plane latency (ms)
(4.7.2)


			eMBB


			20


			8.5-20


			Yes



			various TTI duration, flexible UL & DL format and SCS allows to achieve CP latency below 20ms in both FDD & TDD





			


			URLLC


			20


			6.7-10


			 Yes



			












1. [bookmark: _Toc26224916]User plane latency


6.1 [bookmark: _Toc26224917]Requirements


	


According to Report ITU-R M.2410, User Plane (UP) latency is “the one-way time taken to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface in either uplink or downlink.”


 





			Technical performance requirement


			Value





			Control plane latency for eMBB (ms) 


For UL & DL


			4ms





			Control plane latency for URLLC (ms)


For UL & DL


			1ms











6.2 [bookmark: _Toc26224918]Evaluation Methodology


 


The proponent should provide the elements and their values in the calculation of the user plane latency, for both UL and DL. The table provides an example of the elements in the calculation of the user plane latency.





Example of user plane latency analysis template





			Step


			Description


			Value





			1


			UE Processing Delay


			





			2


			Frame Alignment


			





			3


			TTI for data packet transmission


			





			4


			HARQ Retransmission


			





			5


			BS Processing Delay


			





			


			Total one-way user plane latency


			











6.3 [bookmark: _Toc26224919]Results





Processing delay


This is the delay caused at the transmitter by preparation of the transmission and at the receiver by reception procedures and decoding. 


On the DL, the processing delay in the UE includes the reception and decoding procedure. On the UL, there is also processing delay in the UE due to reception and decoding of the uplink grant. In gNB there is also processing delay as in the UE, with the addition that processing delay in the gNB also comprises delay caused by scheduling. 


Alignment delay


The alignment delay is the time required after being ready to transmit until transmission actually starts. The assumption is the worst-case latency meaning the alignment delay is assumed to be the longest possible. PDCCH and PUCCH opportunities are assumed to be every scheduled TTI.


gNB timing


The minimum response time in the gNB between Scheduling Request (SR) and UL grant, and between DL HARQ and re-transmission, is assumed to be 1 TTI. For higher SCS and fewer symbols in the mini-slot, the TTI is shorter, and more TTIs should be used for processing. The processing in gNB consists of three main components: 


•	Reception processing (PUSCH processing, SR/HARQ-ACK processing)


•	Scheduling processing (including SDU/PDU processing for DL)


•	L1 preparation processing for PDSCH and PDCCH 


For simplicity the gNB processing time is referred to as the total processing time and further this  processing time is equal for the cases that can occur. For example, the same processing time is assumed for scheduling first transmission and re-transmission. Same processing time is also assumed for DL and UL. The processing time is a lower limit for gNB response time, where the assumptions on gNB processing time are given below:





			Timing


			15/30kHz SCS


			120kHz SCS





			#Symbols


			7os TTI


			4os TTI


			2os TTI


			7os TTI


			4os TTI


			2os TTI





			gNB processing


			7


			4


			4


			14


			12


			10








	Table 6.3.1 Processing time (in # of OFDM symbols) assumptions for gNB.


	UE timing


The minimum response timing in the UE between DL data and DL HARQ, and between UL grant and UL data. On the DL, the UE processing time is according to N1 (see Table below) while on the UL, the UE processing time is according to N2 (see Table below)for UE capability #2.


N1 : PDSCH processing time in OFDM symbols for the UE capabilities with front-loaded DM-RS.


			#Symbols


			





			


			15kHz SCS


			30kHz SCS


			120kHz SCS





			Capability 2


			3


			4.5


			20[footnoteRef:1] [1:  In NR Rel. 15 no value (lower than for Capability 1) for 120 kHz SCS was agreed.  ] 









N2 : PUSCH preparation procedure time


			#Symbols


			





			


			15kHz SCS


			30kHz SCS


			120kHz SCS





			Capability 2


			5


			5.5


			36[footnoteRef:2] [2:  In NR Rel. 15 no value (lower than for Capability 1) for 120 kHz SCS was agreed.  ] 









	UL scheduling


For UL data, the scheduling can either be based on SR (Scheduling Request) or SPS (Semi Persistent scheduling) UL. The assumption is that SR periodicity is 2os corresponding to the shortest periodicity allowed.





TTI length and pattern





In this evaluation, slot lengths of 14 symbols as well as mini-slots of 7, 4, and 2 symbols are considered. For TDD, an alternating DL-UL pattern has been assumed, to represent the most latency-optimized setup in a carrier. With TDD, slot/mini-slots of 14, 7, and 4 symbols are studied.





[image: ]


 Illustration of latency components for DL and UL data.









6.3.1 FDD





For the case of FDD, the HARQ RTT is n+k TTI according to Table 6.3.1 (gNB processing Time). The resulting UP latency for SCS of 15, 30 and 120 kHz is shown in Table below. As can be seen, the 1ms requirement can be reached for SCS 15kHz and up depending on mini-slot configuration. On the UL, “configured” grants (CG) reduce the latency considerably compared to SR-based scheduling.





			Latency (ms)


			HARQ


			15kHz SCS


			30kHz SCS


			120kHz SCS





			


			


			14-os TTI


			7-os TTI


			4-os TTI


			2-os TTI


			14-os TTI


			7-os TTI


			4-os TTI


			2-os TTI


			14-os TTI


			7-os TTI


			4-os TTI


			2-os TTI





			DL data











			1st transmission


			3.2


			1.7


			1.3


			0.86


			1.7


			0.91


			0.7


			0.48


			0.55


			0.43


			0.38


			0.31





			


			1 retx


			6.2


			3.2


			2.6


			1.7


			3.1


			1.6


			1.3


			0.96


			1.1


			0.87


			0.76


			0.63





			


			2 retx


			9.2


			4.7


			3.6


			2.6


			4.7


			2.4


			2


			1.5


			1.6


			1.3


			1.1


			0.96





			


			3 retx


			12


			6.2


			4.6


			3.4


			6.1


			3.1


			2.7


			2


			2.1


			1.7


			1.5


			1.3





			UL data (SR)


			1st transmission


			5.5


			3


			2.5


			1.8


			2.8


			1.5


			1.3


			0.93


			1.2


			1.1


			1


			0.89





			


			1 retx


			9.4


			4.9


			3.9


			2.6


			4.7


			2.4


			2


			1.4


			1.9


			1.7


			1.6


			1.3





			


			2 retx


			12


			6.4


			4.9


			3.5


			6.2


			3.2


			2.6


			1.9


			2.6


			2.3


			2.1


			1.8





			


			3 retx


			15


			7.9


			5.9


			4.4


			7.7


			3.9


			3.3


			2.3


			3.2


			2.8


			2.6


			2.2





			UL data (CG)








			1st transmission


			3.4


			1.9


			1.4


			0.93


			1.7


			0.95


			0.7


			0.48


			0.7


			0.57


			0.52


			0.45





			


			1 retx


			6.4


			3.4


			2.6


			1.8


			3.2


			1.7


			1.4


			0.93


			1.3


			1.1


			1.1


			0.89





			


			2 retx


			9.4


			4.9


			3.9


			2.6


			4.7


			2.4


			2


			1.4


			1.9


			1.7


			1.6


			1.3





			


			3 retx


			12


			6.4


			4.9


			3.5


			6.2


			3.2


			2.6


			1.9


			2.6


			2.3


			2.1


			1.8








Table 4: FDD UP one-way latency for data transmission with HARQ-based retransmission, compared to the 1ms (green) and 4ms (orange) requirements.


· NR FDD can meet both 4ms UP latency on DL even with SCS15kHz (eMBB)


· NR FDD can meet the 1ms UP latency on DL using mini-slots at SCS=15kHz


· NR FDD can meet the 4ms UP latency on UL with Scheduled Request at SCS=15kHz, but 1ms UP latency are achievable in limited configurations. 


· NR FDD can meet 1ms UP latency on UL using “configured Grants” at SCS=15kHz and mini-slots.









6.3.2 TDD





With TDD, there are additional alignment delays caused by the sequence of DL and UL slots. Depending on when the data arrives in the transmit buffer, the latency may be the same or higher than the FDD latency. For a DL-UL pattern with HARQ RTT of n+4 TTI and higher (using gNB timing in table 6.3.1), the resulting latency is as indicated in Table below. 





As can be seen in the table, the 4ms target can be reached with a SCS of 15kHz for 7-symbol mini slot, while 30 kHz SCS is possible also with slot length transmission. The 1ms target can be reached with 120kHz SCS and mini-slots for DL and UL configured grant transmissions. 





			Latency (ms)


			HARQ


			15kHz SCS


			30kHz SCS


			120kHz SCS





			


			


			14-os TTI


			7-os TTI


			4-os TTI


			14-os TTI


			7-os TTI


			4-os TTI


			14-os TTI


			7-os TTI


			4-os TTI





			DL data











			1st transmission


			4.2


			2.7


			2.3


			2.2


			1.4


			1.2


			0.68


			0.55


			0.51





			


			1 retx


			8.2


			4.7


			4.3


			4.1


			2.4


			2.2


			1.4


			1.1


			1





			


			2 retx


			12


			6.7


			6.3


			6.2


			3.4


			3.2


			2.2


			1.6


			1.5





			


			3 retx


			16


			8.7


			8.3


			8.1


			4.4


			4.2


			2.9


			2.1


			2





			UL data (SR)











			1st transmission


			7.5


			4.5


			4.1


			3.8


			2.3


			2.1


			1.5


			1.2


			1.2





			


			1 retx


			12


			6.9


			6.4


			6.2


			3.4


			3.2


			2.3


			1.9


			1.7





			


			2 retx


			16


			8.9


			8.4


			8.2


			4.5


			4.2


			3.1


			2.5


			2.2





			


			3 retx


			20


			11


			10


			10


			5.4


			5.2


			3.8


			3.2


			2.7





			UL data (CG)











			1st transmission


			4.4


			2.9


			2.4


			2.2


			1.4


			1.2


			0.82


			0.7


			0.64





			


			1 retx


			8.4


			4.9


			4.4


			4.2


			2.5


			2.2


			1.6


			1.3


			1.2





			


			2 retx


			12


			6.9


			6.4


			6.2


			3.4


			3.2


			2.3


			1.9


			1.7





			


			3 retx


			16


			8.9


			8.4


			8.2


			4.5


			4.2


			3.1


			2.5


			2.2








Table: TDD UP one-way latency for data transmission with alternating DL-UL slot pattern, compared to the 1ms (green) and 4ms (orange) requirements.


6.4 [bookmark: _Toc26224920]Evaluation Report





			[bookmark: _heading=h.1hmsyys]Minimum technical performance requirements item 


			Category


			Required value


			Value(2)


			Requirement met?


			Comment





			5.2.4.3.7
User plane latency
(ms)
(4.7.1)


			eMBB (DL & UL)


			4


			0.82-3.9


			Yes



			Using various TTI duration (mini-slots), flexible UL & DL format and SCS allows to achieve UP latency in both FDD & TDD





			


			URLLC (DL & UL)


			1


			0.31-0.96


			 Yes



			












1. [bookmark: _Toc26224921]Mobility Interruption time 





Mobility interruption time is the shortest time taken during mobility transitions, where user terminal cannot exchange any user packets with any base station, which includes the time required to execute any radio access network procedure, radio resource control signaling protocol, or other message exchanges between the mobile station and the radio access network.





7.1 [bookmark: _Toc26224922]Requirements





For seamless transition, 0 ms mobility interruption time is an essential requirement.





			Performance Measure


			ITU Requirements





			Mobility Interruption time


			0ms











7.2 [bookmark: _Toc26224923]Evaluation Methodology





The procedure of exchanging user plane packets with base stations during transitions shall be described based on the proposed technology including the functions and the timing involved.





7.3 [bookmark: _Toc26224924]Results





Mobility interruption time can be evaluated using two schemes supported by 3GPP NR - Beam mobility and Carrier Aggregation (CA). 





Beam Mobility


In the beam mobility scenario, when moving within the same cell, the transmit-receive beam pair of the user equipment needs to be changed.





gNB configures different beams for the UE at different slots during UE mobility for DL data transmission. 





UE and gNB allocate different beams between them for continuous DL transmission. Since there are different beams, even if one link fails, the other link maintains a connection as beam pair switching happens at different slots.





For UL data transmission, PUSCH is sent using the beam configured by SRI (SRS resource indicator) by gNB. The UL communication between gNB and UE is done by selecting a side beam for data transmission by selecting different slots.





CA Mobility


When moving within the same PCell (Primary Cell) with CA enabled, the set of configured SCells (Secondary Cells) of the UE may change. The SCell addition procedure and SCell release procedures can occur. 


During these procedures, the UE can always exchange user plane packets with the gNB during transitions, because the data transmission between the UE and the PCell is kept during the transition. 





Based on the above analysis and procedures supported by 3GPP NR, the UE can always exchange user plane packets with gNB during the mobility transitions.





Therefore, 0ms mobility interruption time is achieved by NR for this scenario.





7.4 [bookmark: _Toc26224925]Evaluation Report





			Minimum technical performance requirements item 


			Category


			Required value


			Value(2)


			Requirement met?


			Comment





			5.2.4.3.14
Mobility interruption time (ms) 
(4.12)


			eMBB  


			0


			0


			Yes



			Due to inherent support for Beam Mobility & CA mobility, make before break happens





			


			URLLC  


			0


			0


			Yes
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[bookmark: _heading=h.30j0zll]





[bookmark: _heading=h.1fob9te]



[bookmark: _heading=h.3znysh7]Inspection Report





This report is the output of Inspection based evaluation of the candidate technology (3GPP NR) for the following Technical Performance Requirements from M.2410.  Inspection is conducted by reviewing the functionality and parameterization of a proposal.





1 [bookmark: _heading=h.2et92p0][bookmark: _Toc26207117]Bandwidth


Bandwidth is the maximum aggregated system bandwidth. The bandwidth may be supported by single or multiple radio frequency (RF) carriers. 


1.1 [bookmark: _heading=h.tyjcwt][bookmark: _Toc26207118]Requirements [1]


The bandwidth capability of the RIT/SRIT is defined for the purpose of IMT-2020 evaluation.


					


· The requirement for bandwidth is at least 100 MHz.


· The RIT/SRIT shall support bandwidths up to 1 GHz for operation in higher frequency bands (e.g. above 6 GHz).	


· The RIT/SRIT shall support scalable bandwidth. Scalable bandwidth is the ability of the candidate RIT/SRIT to operate with different bandwidths. 	


1.2 [bookmark: _heading=h.3dy6vkm][bookmark: _Toc26207119]Methodology [3]





· The support of maximum bandwidth required in § 4.13 of Report ITU-R M.2410-0, is verified by inspection of the proposal.





· The scalability requirement is verified by demonstrating that the candidate RITs/SRITs can support multiple different bandwidth values. These values shall include the minimum and maximum supported bandwidth values of the candidate RITs/SRITs.





· The requirements for bandwidth or the bandwidth numbers demonstrated by the proponent do not pose any requirements or limitations for other Technical Performance Requirements that depend on bandwidth. If any other requirement requires a higher bandwidth, the capability to reach that bandwidth should be described as well.





1.3 [bookmark: _heading=h.1t3h5sf][bookmark: _Toc26207120]5GIF Results/Observations: Candidate Technology -  IMT-2020/14 (3GPP NR)


· Reference from 3GPP Self. Eval Report


· Reference from 3GPP Specifications 


From 3GPP Section 5.3.2 of TS 38.104 





			 


			SCS [kHz]


			Maximum bandwidth for one component carrier (MHz)


			Maximum number of component carriers for carrier aggregation


			Maximum aggregated bandwidth (MHz)


			Minimum Requirements as per ITU-R M.2410-0 (MHz)


			Minimum Requirement as per ITU-R M.2410-0 for higher frequencies > 6GHz


			Observation on Requirement Met





			FR1


			15


			50


			 16


			800


			100


			N.A.


			2 component carriers are required to Pass





			


			30


			100


			16


			1600


			100


			N.A.


			Pass





			


			60


			100


			16


			1600


			100


			N.A.


			Pass





			FR2


			60


			200


			16


			3200


			100


			> 1GHz


			Pass





			


			120


			400


			16


			6400


			100


			> 1GHz


			Pass











Table 8.1.1-1 NR capability on bandwidth












































1.4 [bookmark: _heading=h.4d34og8]



1.5 [bookmark: _heading=h.2s8eyo1][bookmark: _Toc26207121]Evaluation Report (in Compliance Template Format) 





			Minimum technical performance requirements item (5.2.4.3.x), units, and Report


ITU-R M.2410-0 section reference(1)


			Category


			Required value


			Value(2)


			Requirement met?


			Comments


(3)





			


			Usage scenario


			Test environment


			Downlink or uplink


			 


			 


			 


			 





			5.2.4.3.15


Bandwidth and Scalability


(4.13)


			Not applicable


			Not applicable


			Not applicable


			At least 100 MHz


			 


			  Yes





			 





			


			


			


			


			Up to 1 GHz 


			 


			  Yes





			 





			


			


			


			


			Support of multiple different bandwidth values(4)


			 


			  Yes


			 











Observation 1: the candidate technology in IMT-2020/14 (3GPP NR) satisfies the requirement on bandwidth to qualify as an IMT-2020 technology.





 





2 [bookmark: _heading=h.17dp8vu][bookmark: _Toc26207122]
Energy Efficiency 


· Network energy efficiency is the capability of a RIT/SRIT to minimize the radio access network energy consumption in relation to the traffic capacity provided.


· Device energy efficiency is the capability of the RIT/SRIT to minimize the power consumed by the device modem in relation to the traffic characteristics.


2.1 [bookmark: _heading=h.3rdcrjn][bookmark: _Toc26207123]Requirements [1]	





Network energy efficiency is the capability of a RIT/SRIT to minimize the radio access network energy consumption in relation to the traffic capacity provided. Device energy efficiency is the capability of the RIT/SRIT to minimize the power consumed by the device modem in relation to the traffic characteristics.





Energy efficiency of the network and the device can relate to the support for the following two aspects:


							 			
a) Efficient data transmission in a loaded case;		 				


Efficient data transmission in a loaded case is demonstrated by the average spectral efficiency (see § 4.5).



b)  Low energy consumption when there is no data.



 	It is estimated by the sleep ratio. The sleep ratio is the fraction of unoccupied time resources (for the network) or sleeping time (for the device) in a period corresponding to the cycle of the control signaling (for the network) or the cycle of discontinuous reception (for the device) when no user data transfer takes place.





Furthermore, the sleep duration, i.e. the continuous period with no transmission (for network and device) and reception (for the device), should be sufficiently long.


					


This requirement is defined for the purpose of evaluation in the eMBB usage scenario.


		


The RIT/SRIT shall have the capability to support a high sleep ratio and long sleep duration. 


Proponents are encouraged to describe other mechanisms of the RIT/SRIT that improve the support of energy efficient operation for both network and device. 


				


			


		


2.2 [bookmark: _heading=h.26in1rg][bookmark: _Toc26207124]Methodology [3]





· The energy efficiency for both network and device is verified by inspection by demonstrating that the candidate RITs/SRITs can support high sleep ratio and long sleep duration as defined in Report ITU‑R M.2410-0 when there is no data.





· Inspection can also be used to describe other mechanisms of the candidate RITs/SRITs that improve energy efficient operation for both network and device.





2.3 [bookmark: _heading=h.lnxbz9][bookmark: _Toc26207125]5GIF Results/Observation





· Reference from 3GPP Self. Eval Report


· Reference from 3GPP Specifications 





Based on the common understanding from ITU-R M.2410 and ITU-R M.2412, Energy Efficiency is to be explicitly evaluated only for the case of low energy consumption when there is no data]





For all bandwidth configurations of the network, a sleep ratio of more than 99% can be achieved at both slot and symbol level; with a minimum of 80% at slot level and 87% at symbol level.


 


[bookmark: _heading=h.35nkun2]For all the configurations; in idle mode a minimum device sleep ratio of more than 93% can be achieved and for connected mode minimum 84.2% can be achieved.





2.4 [bookmark: _heading=h.1ksv4uv][bookmark: _Toc26207126]Evaluation Report


5.2.4.3	Compliance template for technical performance3


			Minimum technical performance requirements item (5.2.4.3.x), units, and Report


ITU-R M.2410-0 section reference(1)


			Category


			Required value


			Value(2)


			Requirement met?


			Comments


(3)





			


			Usage scenario


			Test environment


			Downlink or uplink


			 


			 


			 


			 





			5.2.4.3.10


Energy efficiency


(4.9)


			eMBB


			-NA-





			-NA-


			Capability to support a high sleep ratio and long sleep duration


			 


			  Yes





			 








 


[bookmark: _heading=h.44sinio]Observation 2: the candidate technology in IMT-2020/14 (3GPP NR) satisfies the requirement on energy efficiency to qualify as an IMT-2020 technology.


3 [bookmark: _heading=h.2jxsxqh][bookmark: _Toc26207127]Support of wide range of services


3.1 [bookmark: _heading=h.z337ya][bookmark: _Toc26207128]Requirements [1]	


3.2 [bookmark: _heading=h.3j2qqm3][bookmark: _Toc26207129]Evaluation (7.3.3 Eval)	


There are elements of the minimum technical performance requirements identified within Report ITU-R M.2410-0 that indicate whether the candidate RITs/SRITs are capable of enabling certain services and performance targets, as envisioned in Recommendation ITU-R M.2083.


The support of a wide range of services is verified by inspection of the candidate RITs/SRITs ability to meet the minimum technical performance requirements for various usage scenarios and their associated test environments.


3.3 [bookmark: _heading=h.1y810tw][bookmark: _Toc26207130]5GIF Results/Observation


· Reference from 3GPP Self. Eval Report


· Reference from 3GPP Specifications 





3.4 [bookmark: _heading=h.4i7ojhp][bookmark: _Toc26207131]Evaluation Report


5.2.4.1	Compliance template for services


			 


			Service capability requirements


			Evaluator’s comments





			5.2.4.1.1


			Support for wide range of services


Is the proposal able to support a range of services across different usage scenarios (eMBB, URLLC, and mMTC)?:   YES / NO





Specify which usage scenarios (eMBB, URLLC, and mMTC) the candidate RIT or candidate SRIT can support.


			


YES, this candidate technology supports a range of services.











The RIT supports all three usage scenarios (eMBB, URLLC, and MTC)





			


Observation 3: the candidate technology in IMT-2020/14 (3GPP NR) satisfies the requirement on services to qualify as an IMT-2020 technology.








3.4.1 [bookmark: _heading=h.2xcytpi]



4 [bookmark: _heading=h.1ci93xb][bookmark: _Toc26207132]Supported spectrum band(s)/range(s)


4.1 [bookmark: _heading=h.3whwml4][bookmark: _Toc26207133]Requirements [1]





Frequency bands identified for IMT


Is the proposal able to utilize at least one frequency band identified for IMT in the ITU Radio Regulations?


Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.





Higher Frequency range/band(s)


Is the proposal able to utilize the higher frequency range/band(s) above 24.25 GHz?


Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.


NOTE 1 – In the case of the candidate SRIT, at least one of the component RITs need to fulfil this requirement.


4.2 [bookmark: _heading=h.2bn6wsx][bookmark: _Toc26207134]Methodology


The spectrum band(s) and/or range(s) that the candidate RITs/SRITs can utilize is verified by inspection.





4.3 [bookmark: _heading=h.qsh70q][bookmark: _Toc26207135]5GIF Results/Observation


· Reference from 3GPP Self. Eval Report


· Reference from 3GPP Specifications 





4.4 [bookmark: _heading=h.3as4poj][bookmark: _Toc26207136]Evaluation Report


[From Submission Templates in [2]]


4.4.1 [bookmark: _heading=h.1pxezwc][bookmark: _Toc26207137]5.2.4.2         	Compliance template for spectrum





			


			Spectrum capability requirements





			5.2.4.2.1


			Frequency bands identified for IMT


Is the proposal able to utilize at least one frequency band identified for IMT in the ITU Radio Regulations?: 	🗹 YES /  NO


Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.





The proponent has identified support for the following bands in their submission.





			NR operating band


			Uplink (UL) operating band
BS receive / UE transmit


FUL_low   –  FUL_high


			Downlink (DL) operating band
BS transmit / UE receive


FDL_low   –  FDL_high


			Duplex Mode





			n1


			1920 MHz – 1980 MHz


			2110 MHz – 2170 MHz


			FDD





			n2


			1850 MHz – 1910 MHz


			1930 MHz – 1990 MHz


			FDD





			n3


			1710 MHz – 1785 MHz


			1805 MHz – 1880 MHz


			FDD





			n5


			824 MHz – 849 MHz


			869 MHz – 894 MHz


			FDD





			n7


			2500 MHz – 2570 MHz


			2620 MHz – 2690 MHz


			FDD





			n8


			880 MHz – 915 MHz


			925 MHz – 960 MHz


			FDD





			n12


			699 MHz – 716 MHz


			729 MHz – 746 MHz


			FDD





			n20


			832 MHz – 862 MHz


			791 MHz – 821 MHz


			FDD





			n25


			1850 MHz – 1915 MHz


			1930 MHz – 1995 MHz


			FDD





			n28


			703 MHz – 748 MHz


			758 MHz – 803 MHz


			FDD





			n34


			2010 MHz – 2025 MHz


			2010 MHz – 2025 MHz


			TDD





			n38


			2570 MHz – 2620 MHz


			2570 MHz – 2620 MHz


			TDD





			n39


			1880 MHz – 1920 MHz


			1880 MHz – 1920 MHz


			TDD





			n40


			2300 MHz – 2400 MHz


			2300 MHz – 2400 MHz


			TDD





			n41


			2496 MHz – 2690 MHz


			2496 MHz – 2690 MHz


			TDD





			n51


			1427 MHz – 1432 MHz


			1427 MHz – 1432 MHz


			TDD





			n66


			1710 MHz – 1780 MHz


			2110 MHz – 2200 MHz


			FDD





			n70


			1695 MHz – 1710 MHz


			1995 MHz – 2020 MHz


			FDD





			n71


			663 MHz – 698 MHz


			617 MHz – 652 MHz


			FDD





			n75


			N/A


			1432 MHz – 1517 MHz


			SDL





			n76


			N/A


			1427 MHz – 1432 MHz


			SDL





			n77


			3300 MHz – 4200 MHz


			3300 MHz – 4200 MHz


			TDD





			n78


			3300 MHz – 3800 MHz


			3300 MHz – 3800 MHz


			TDD





			n79


			4400 MHz – 5000 MHz


			4400 MHz – 5000 MHz


			TDD





			n80


			1710 MHz – 1785 MHz


			N/A


			SUL 





			n81


			880 MHz – 915 MHz


			N/A


			SUL 





			n82


			832 MHz – 862 MHz


			N/A


			SUL 





			n83


			703 MHz – 748 MHz


			N/A


			SUL





			n84


			1920 MHz – 1980 MHz


			N/A


			SUL





			n86


			1710 MHz – 1780 MHz


			N/A


			SUL











Inference: Thus, the proponents RIT has support for bands identified for IMT-2020.


Note 1: The evaluation group made use of 3GPP TS 38.104 for this inference


Note 2: Text highlighted in blue are possible candidate bands in India, and the 5GIF Evaluation will prioritize our studies on them





			5.2.4.2.2


			Higher Frequency range/band(s)


Is the proposal able to utilize the higher frequency range/band(s) above 24.25 GHz?:	🗹YES / 	 NO


Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.


NOTE 1 – In the case of the candidate SRIT, at least one of the component RITs need to fulfil this requirement.





The proponent has identified support for the following bands in their submission.





			NR operating band


			Uplink (UL) and Downlink (DL) operating band
BS transmit/receive
UE transmit/receive 


FUL_low   –  FUL_high


FDL_low   –  FDL_high


			Duplex Mode





			n257


			26500 MHz – 29500 MHz


			TDD





			n258


			24250 MHz – 27500 MHz


			TDD





			n260


			37000 MHz – 40000 MHz


			TDD





			n261


			27500 MHz – 28350 MHz


			TDD











Thus, the proponents RIT has support for bands identified for IMT-2020.


Inference: Thus, the proponents RIT has support for bands identified for IMT-2020.


Note 1: The evaluation group made use of 3GPP TS 38.104 for this inference.











Observation 4: the candidate technology in IMT-2020/14 (3GPP NR) satisfies the requirement on spectrum to qualify as an IMT-2020 technology.


[bookmark: _heading=h.49x2ik5]


5 [bookmark: _heading=h.2p2csry][bookmark: _Toc26207138]Summary and conclusion





Observation 1: the candidate technology in IMT-2020/14 (3GPP NR) satisfies the requirement on bandwidth to qualify as an IMT-2020 technology.


Observation 2: the candidate technology in IMT-2020/14 (3GPP NR) satisfies the requirement on energy efficiency to qualify as an IMT-2020 technology.


Observation 3: the candidate technology in IMT-2020/14 (3GPP NR) satisfies the requirement on services to qualify as an IMT-2020 technology.


Observation 4: the candidate technology in IMT-2020/14 (3GPP NR) satisfies the requirement on spectrum to qualify as an IMT-2020 technology.





6 [bookmark: _heading=h.147n2zr][bookmark: _Toc26207139]References 
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1 [bookmark: _Toc26179655]Introduction


[bookmark: _Ref129681832]In this contribution, we provide the evaluation results of connection density for both non-full buffer system level simulation and full buffer system-level simulation and link-level simulation, using both evaluation configurations (ISD=1732m and ISD=500m) for Urban Macro - mMTC test environment. It is shown that the candidate technologies IMT-2020/14 (3GPP NR) and IMT-2020/13 (NB-IoT & eMTC) meet the connection density of 1 000 000 devices per km2 in the Urban Macro-mMTC (mMTC-UMa) test environment as described in report ITU-R M.2412 [1].





2 [bookmark: _Toc26179656]Connection density definition


According to Report ITU-R M.2412, connection density is said to be C (# of devices per km2), if, under the number of devices, N=C×A (A is the simulation area in terms of km2), that the packet outage rate is less than or equal to 1%, where the packet outage rate is defined as the ratio of 


· The number of packets that failed to be delivered to the destination receiver within a transmission delay of less than or equal to 10s 


to 	


· The total number of packets generated by the (N=C×A) devices within the time T.


The transmission delay of a packet is understood to be the delay from the time when uplink packet arrives at the device to the time when the packet is correctly received at the destination (BS) receiver.


In addition, it is encouraged that the self-evaluation reports the connection efficiency which is given by 


[image: ] (# of device/Hz/TRxP)							(1)


where C is the connection density (# of devices per km2), A is the simulation area in terms of km2, M is the number of TRxP in the simulation area A, and W is the UL bandwidth (for FDD).


In Report ITU-R M.2412, There are two possible evaluation methods to evaluate connection density requirement defined in ITU-R M.2410-0:


	-non-full buffer system-level simulation;


	-full-buffer system-level simulation followed by link-level simulation.


In this contribution, the evaluation results of the two evaluation methods are provided. Note that in the WID of additional enhancements for NB-IoT and additional MTC enhancements for LTE, some enhancements on the transmission efficiency and/or power consumption were mentioned, and these enhancements should be taken into account in the later evaluation campaign.





1 [bookmark: _Toc26161423][bookmark: _Toc26161470][bookmark: _Toc26179657]


2 [bookmark: _Toc26161424][bookmark: _Toc26161471][bookmark: _Toc26179658]


[bookmark: _Toc26179659]System simulation procedure 


[bookmark: _Ref531518500]Report [1] outlines two system simulator procedures for evaluating connection density. The first is a non-full buffer system-level simulation that requires a state-of-the-art system simulator to perform the evaluations. The second is a full buffer system simulation that allows input based on a more rudimentary system simulator combined with post processing supported by link-level simulations. The full buffer approach is described in detail in Table 1, and the non-full buffer is described in Table 2.


[image: ]


[bookmark: _Ref3033256]Table 1: Full buffer system-level simulation procedure [1].


[image: ]


Table 2: Non-full buffer system-level simulation procedure from ITU-R M.2412.





3 [bookmark: _Toc26179660]Evaluation results


3.1 [bookmark: _Toc26179661]Evaluation results of non-full buffer system level simulation


NB-IoT and eMTC using the early data transmission procedure are evaluated using non-full buffer system level simulation as defined in Report ITU-R M.2412, following the model as descripted in Annex A and Annex B. It is assumed that NB-IoT is working in standalone mode, eMTC is working on one narrow band which is 1.08MHz. The detailed simulation assumption is shown in Annex C. The evaluation results are given in Table 3 and Table 4, respectively.


[bookmark: _Ref521674969]Table 3 Evaluation results for NB-IoT and eMTC for ISD=1732m 
using non-full buffer system level simulation


			


			Config B (ISD = 1732m), channel mode A


			Config B (ISD = 1732m), channel mode B





			NB-IoT


			Devices supported per km2 per 180kHz


			599,000


			601,940





			


			Required bandwidth to support 1,000,000 devices 


			360kHz


			360kHz





			


			Connection efficiency (#of devices/Hz/TRxP)


			2.88 


			2.896





			eMTC


			Devices supported per km2 per 180kHz


			369,000


			380,000





			


			Required bandwidth to support 1,000,000 devices 


			540kHz


			540kHz





			


			Connection efficiency (#of devices/Hz/TRxP)


			1.777


			1.828











[bookmark: _Ref521674977]Table 4 Evaluation results for NB-IoT for ISD=500m
using non-full buffer system level simulation


			


			Config A (ISD = 500m), channel mode A


			Config A (ISD = 500m), channel mode B





			NB-IoT


			Devices supported per km2 per 180kHz


			8,047,087


			8,077,017





			


			Required bandwidth to support 1,000,000 devices 


			180kHz


			180kHz





			


			Connection efficiency (#of devices/Hz/TRxP)


			3.226 


			3.238 











Observation1: NB-IoT and eMTC can fulfil IMT-2020 requirement under non-full buffer system level simulation, and NB-IoT demonstrates higher connection efficiency.





3.2 [bookmark: _Toc26179662]Evaluation results of full buffer system-level simulation followed by link-level simulation


The connection density of NB-IoT, eMTC and NR are evaluated using full buffer system level simulation with link level simulation as defined in Report ITU-R M.2412. The evaluation results are provided in Table 5. The UL SINR distribution of full buffer simulation is shown in Annex E and the link level spectrum efficiency of NB-IoT, eMTC and NR is shown in Annex F. The 99% latency derived by SINR could fulfill the 10s latency requirement.


[bookmark: _Ref521675093]Table 5 Evaluation result of full buffer system-level followed by link-level simulation


			


			Config A (ISD=500m)


Channel mode A


			Config A (ISD=500m)


Channel mode B


			Config B (ISD=1732m)


Channel mode A


			Config B (ISD=1732m)


Channel mode B





			NB-IoT


			Devices supported per km2 per 180kHz


			43,271,000


			43,846,000


			2,567,000


			2,702,000





			


			Connection efficiency (#of devices/Hz/TRxP)


			17.348


			17.579


			12.35


			13.0





			eMTC


			Devices supported per km2 per 180kHz


			39,995,000


			38,502,000


			1,344,000


			1,699,000





			


			Connection efficiency (#of devices/Hz/TRxP)


			16.035


			15.436


			6.466


			8.174





			NR


			Devices supported per km2 per 180kHz


			36,574,000


			35,021,000


			1,138,000


			1,465,000





			


			Connection efficiency (#of devices/Hz/TRxP)


			14.663


			14.041


			5.475


			7.048








The evaluation result of full buffer system-level simulation followed by link-level simulation is quite higher than non-full buffer system-level simulation since it has an ideal assumption of resource scheduling and the delays due to access procedure is not taken into account. In addition, the DL resource allocation is not considered in this evaluation method, while in practice DL resource allocation may be the bottleneck of the access procedure, which will introduce large delay, and result in packet drop. In this sense, the evaluation method of full buffer system-level simulation with link level simulation demonstrates a best case result for the candidate technology.


It is observed that NB-IoT has the advantage of higher UL SINR due to higher power spectral density, which is the result of its finer frequency granularity on data allocation. It in turns results in higher spectrum efficiency from system view. In summary, the evaluation results show that NB-IoT, eMTC and NR could fulfill the IMT-2020 requirement.


Observation2: NB-IoT, eMTC and NR can fulfil IMT-2020 requirement under full buffer system-level simulation followed by link-level simulation, and NB-IoT demonstrates higher connection efficiency.


4 [bookmark: _Toc26179663]Conclusions


[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the evaluation result on self-evaluation for mMTC is provided. The evaluation demonstrates that NB-IoT and eMTC could fulfill the mMTC connection density requirements for Urban Macro – mMTC test environment under both evaluation methods. NR could fulfill the requirement under evaluation method of full buffer system level simulation with link level simulation. Based on the discussion, the following proposal is made.


Based on the evaluation results, the following observation are made. 


Observation1: NB-IoT and eMTC can fulfil IMT-2020 requirement under non-full buffer system level simulation, and NB-IoT demonstrates higher connection efficiency.


Observation2: NB-IoT, eMTC and NR can fulfil IMT-2020 requirement under full buffer system-level simulation followed by link-level simulation, and NB-IoT demonstrates higher connection efficiency.





[bookmark: _Toc26179664]References
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[bookmark: _Toc26179665]Appendix A. 	Evaluation model for non-full buffer system level simulation for NB-IoT


[bookmark: _Ref521060800][bookmark: _Toc26179666]A.1	Procedure and delay modeling


To evaluate NB-IoT and eMTC, the procedure needs to be assumed for a packet transmission. Considering the packet arrival rate of a device is very sparse (1 message/day/device to 1 message/2 hours/device), it is appropriate to assume that the devices (both for NB-IoT and eMTC) are within idle mode when an uplink message packet arrives. 


In [2], it is shown that legacy procedure and small data transmission procedure are available for both NB-IoT and eMTC. It is noted that ITU-R assumes a L2 packet size of 32 byte (i.e., 256 bit) for mMTC evaluation, which is typically within the range of small data packet. Therefore the small data transmission procedure is considered in this contribution for delay modeling. Besides, it is assumed that the devices are in non-initial state, that is, the SIB information is assumed to have been received by the devices. In this case, the SIB reception is ignored. This procedure is shown in Table 1. 


Based on the understanding of transmission delay, Step 1 to Step 4 is considered to be contributing to the total transmission delay. Besides, the following Step 5 and Step 6 are considered to be contributing to the DL or UL resource occupation, but do not contribute to the delay since the timer will stop when Step 4 finished.


Table 5 Early data transmission procedure of NB-IoT and eMTC under consideration


			NB-IoT


			


			eMTC





			Device


			


			BS


			


			Device


			


			BS





			





			Step1: Sync + MIB


			


			


			


			Step1: Sync + MIB


			





			


			Step 2: PRACH Msg1


			


			


			


			Step2: PRACH Msg1


			





			


			Step 3: NPDCCH + RAR (including UL grant)


			


			


			


			Step3: MPDCCH + RAR (including UL grant)


			





			


			Step 4: UL data transmission


			


			


			


			Step4: UL data transmission


			





			


			Step 5: RRCEarlyDataComplete


			


			


			


			Step5: RRCEarlyDataComplete


			





			


			Step 6: HARQ Ack


			


			


			


			Step 6: HARQ Ack 


			








[bookmark: _Ref521060892][bookmark: _Toc26179667]A.2	Evaluation method of full system level simulation


Generally, the system level simulation should evaluate each packet’s total delay tpacket. If tpacket > 10s, this packet is regarded as failed to be delivered to the destination receiver. 


The total delay consists of the delays from Step 1 to 4,


[image: ]


where tUL_data is the UL data transmission time duration (for step 4), and t1, t2, and t3 are the time delay for step 1~3, respectively. 


Conventionally, the value of tUL_data can be well derived in system level simulation. 


For derivation of t1, t2, and t3, a full implementation of these steps may result in high complexity simulation. Therefore a simplified model is needed for Step 1 to 3. In the following sub-sections, the considered delay models are presented. 


[bookmark: _Toc26179668]A.3	Delay Modeling of Step 1: Sync + MIB


The step 1 delay is given by
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where tSS is the delay for synchronization, and tMIB is the delay of MIB reception.


[bookmark: _Toc26179669]A.1.1	Synchronization delay


For NB-IoT, NPSS and NSSS are transmitted for the device to conduct synchronization. NPSS is transmitted in sub-frame 5 with 132 REs of each frame. NSSS is transmitted in sub-frame 9 with 132 REs of every other frameas illustrated in Figure 1.








[bookmark: _Ref513211400]Figure 1 NPSS and NSSS for NB-IoT


Denote LNPSS and LNSSS as the repetition times needed to successfully accomplish primary synchronization and secondary synchronization, respectively. In this case, the synchronization delay is given by











where tNPSS_0 = tNPSS-t0 is the time interval between the nearest NPSS transmission at tNPSS, and the packet arrival time, t0, TPSS =10ms is the transmission period of NPSS; tNSSS_0 = tNSSS-t0 is the time interval between the nearest NSSS transmission at tNSSS, and the packet arrival time, t0,  and TSSS=20ms is the transmission period for NSSS. 


The value of LNPSS and LNSSS can be determined by DL SINR, based on link level simulation using TDL-iii channel model. The corresponding value of LNPSS/ LNSSS for a given SINR can be determined according to the 90th percentile point successful detection of NPSS/NSSS (under this SINR value) as shown in the following mapping table.


[bookmark: _Toc26179670]A.1.2	PBCH receiving delay


NPBCH (for MIB) is transmitted in sub-frame 0 in every radio frame with 100 REs on anchor-PRB with at most 64 sub-frame combination as illustrated in Figure 2
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[bookmark: _Ref513656389]Figure 2 NPBCH for NB-IoT


Denote LNPBCH as the repetition times for correctly receiving NPBCH. Hence, the receiving PBCH delay is given by





where tNPBCH_0 = tNPBCH-t0 is the time interval between the nearest NPBCH transmission at tNPBCH, and the synchronization end time, t0, TNPBCH =10ms is the transmission period of NPBCH.


The value of LNPBCH can be determined by DL SINR, based on link level simulation using TDL-iii channel model (with QPSK, coding rate of 0.25, and code block size of 50bit). The corresponding SNR threshold for a given LNPBCH would guarantee larger than 90% successful reception ratio with LNPBCH times repetition of NPBCH reception.


[bookmark: _Toc26179671]A.4	Delay Modeling of Step 2: PRACH Msg1


For PRACH delay model, it is dependent on two aspects. One is the number of collisions encountered by the device, ncollision. The other aspect is the time duration, tPRACH, for correctly receiving PRACH without collision. The latter is depending on UL SINR. Therefore the PRACH delay is given by


t2=f2(ncollision, tPRACH)


If collision happens during the PRACH transmission, all of the collided PRACH transmissions are assumed to be failed, and another round of PRACH transmission for the collided UEs is needed. 


For NB-IoT, the UEs will transmit PRACH according to its CE level. The CE level is determined by its RSRP (see TS36.331). For UEs in a specific CE level, the time domain resource for PRACH could be configured according to TS36.331 by the transmission periodicity, transmission duration (or repetition times), and the transmission start time (within the period). If the three CE levels share the same PRACH frequency resource, the UEs with lower CE level could not use the PRACH resource that is overlapped with higher CE level. One illustration is shown in Figure 3.


Device starts the PRACH transmission at available transmission time according to its CE level as shown in colored box in Figure 3, and randomly selects one PRACH channel among the available number of channels (assumed to be 24 in this simulation). 
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[bookmark: _Ref513124522]Figure 3 Illustration of PRACH configuration for three CE levels 
(PRACH shares the same frequency) resource)


The NPRACH of each CE level has its own parameter nprach-Periodicity-r14 and nprach-StartTime-r14 to decide the NPRACH candidate opportunity (see Section 6.7.3 in TS36.331). And the corresponding SNR threshold is given by link level simulation using TDL-iii channel, with the guarantee of 90% successful reception ratio of NPRACH. The example configuration of NPRACH resource is shown as in Table 6.


[bookmark: _Ref513659567]Table 6 Example NPRACH configuration for each CE level


			Coverage Enhancement level


			Repetition times of NPRACH transmission


			Transmission Duration 


			Periodicity


			NPRACH start time





			CE Level 0


			2


			11.2ms


			40ms


			8ms





			CE Level 1


			8


			44.8ms


			80ms


			32ms





			CE Level 2


			32


			179.2ms


			1280ms


			8ms








For a given UE, it is assumed that its CE level is determined by DL RSRP in the simulation. Meanwhile, a full buffer UL SINR is calculated for this UE to determine whether its PRACH could be detected by BS. If its UL SINR is lower than the corresponding CE level SNR threshold, it is assumed that BS could not detect its PRACH signal, and the UE could not receive any response from BS, then this UE would continue to send PRACH signal until maxNumPreambleAttemptCE times (See TS 36.331), after that UE should switch its CE level downward, and then starts another round of PRACH transmission.


If only one device occupies the channel at that time, it is assumed that BS could receive the PRACH correctly. If multiple UEs within the same CE level start the PRACH transmission at the same time (say t0), and all of them occupies the same sub-carrier (channel) at t0, these UEs are collided, and their PRACH reception at BS side would be failed.


When collision occurs, a backoff mechanism is used to avoid further collision to next transmission (see Section 5.1.5 in TS36.321). The backoff length (until the next PRACH transmission) consists of two parts: one is the backoff window with length of tbackoff, which is a random value between {0, Twindow}ms; the other part is the RAR window with the minimum length of 2×TPDCCH, where TPDCCH is the transmission period of NPDCCH in Step 3. In this case, the total latency for PRACH is given by





where tPRACH_0_i is from the time when the device is ready to send PRACH to the time of the nearest PRACH transmission opportunity for this device, tPRACH_i is the transmission duration of the i-th PRACH transmission of the device (depending on UL SINR; tPRACH_duration_i = LPRACH×TPRACH, where LPRACH is the NPRACH repetition time required by UL SINR, and TPRACH is the interval of preamble format 0), tbackoff_i is the window length of the i-th back off which is randomly selected in (0, Twindow)ms, while it is 512ms in the simulation, where the value of Twindow could be configured as in Table 7.2-2 in TS 36.321, and TPDCCH is the period of common search space (CSS), it is configured as 24ms, 48ms and 96ms for each CE level respectively, and ncollision≥0 is number of collisions encountered by the device that is provided by the system level simulation. 


Table 7 Backoff Parameter values for NB-IoT


			Index


			Backoff Parameter value (ms)





			0


			0





			1


			256





			2


			512





			3


			1024





			4


			2048





			5


			4096





			6


			8192





			7


			16384





			8


			32768





			9


			65536





			10


			131072





			11


			262144





			12


			524288





			13


			Reserved





			14


			Reserved





			15


			Reserved








[bookmark: _Ref504828948][bookmark: _Toc26179672]A.5	Delay Modeling of Step 3: NPDCCH + RAR (including UL grant)


For NB-IoT, the Step 3 transmission (downlink) consists of NPDCCH transmission and RAR transmission through PDSCH,





where tNPDCCH is the delay for correctly receiving NPDCCH, and tRAR is the delay for correctly receiving RAR. 


[bookmark: _Toc26179673]A.5.1	Scheduling scheme of NPDCCH and RAR


The scheduling of NPDCCH and RAR (transmitted on NPDSCH) are based on system level simulation. For a given time instance, NPDCCH is assumed to have higher scheduling priority over RAR transmission. However, once RAR transmission starts, it is assumed that this RAR transmission has the highest scheduling priority at that time instance. 


[bookmark: _Toc26179674]A.5.2	NPDCCH delay


The NPDCCH transmission delay for a specific device consists of two parts, i.e., the scheduling delay and the transmission duration,





where tNPDCCH_0 = tNPDCCH_sche - t0 is the time interval between the time when the available NPDCCH resource exist for the specific device at tNPDCCH_sche, and the PRACH end time, t0, the available PDCCH means a candidate PDCCH resource which is not scheduled for other UEs, LNPDCCH is the repetition times for correctly receiving NPDCCH, and TTI=1ms. The value of tNPDCCH_sche is related to the scheduling scheme of NPDCCH and RAR.


If multiple devices which belong to the same CE level request PDCCH transmission at a specific time instance, they may share the NPDCCH resource. In this case, the value of LNPDCCH for device k will be aligned with the device that requests the largest value of LNPDCCH.For a given CE level, RMAX and G are configured to determine the period of common searching space of this CE level, where TPDCCH = G* RMAX as illustrated in Figure 4. UE should monitor each PDCCH candidate within a set of repetition { RMAX /8 , RMAX /4  , RMAX /2  , RMAX }. So the LNDCCH should be selected in this repetition set.


[image: C:\Users\w00279153\AppData\Roaming\eSpace_Desktop\UserData\w00279153\imagefiles\C3C13D28-798F-4037-A8AC-3ED27C04E5F5.png]


[bookmark: _Ref521060523][bookmark: _Ref521060488]Figure 4 Example of Common Searching Space


The exact value of LNDCCH can be determined by DL SINR, based on link level simulation using TDL-iii channel model. The corresponding SNR threshold for a given LNDCCH would guarantee larger than 90% successful reception ratio with LNDCCH times repetition of NPDCCH reception. It is noted that NPDCCH is transmitted using QPSK, coding rate of 0.128, and code block size of 39bit for the case of using 12 sub-carriers.


[bookmark: _Toc26179675]A.5.3	RAR delay


The RAR transmission delay for a specific device consists of two parts, i.e., the scheduling delay and the transmission duration,





where tNPDSCH_0 = tNPDSCH_sche - t0 is the time interval between the available NPDSCH transmission for the specific device at tNPDCCH_sche, and the NPDCCH end time, t0, the available NPDSCH means an unused DL resource after time t0, LNPDSCH is the repetition times for correctly receiving NPDSCH, and TRAR is the transmission duration for one RAR packet. The value of tNPDSCH_sche is related to the scheduling scheme of NPDCCH and RAR. 


For the case of BS scheduling RAR for multiple UEs simultaneously, the RAR packet size would be nS where S=56bits is the size of a single RAR, and n denotes the number of scheduled devices . The value of LNPDSCH and the MCS for device k will be aligned with the device which requests the largest value of LNPDSCH, and it could be derived from simulation according to RAR packet size and DL SINR, while DL SINR could be derived from DL wideband SINR.


For NB-IoT, one RAR transmission duration is derived by 





where n is the number of scheduled devices for RAR transmission, S=56bit is the size of RAR for one device, SE is the expected spectral efficiency (bps/Hz) that is related to MCS and overhead OH. MCS is selected based on DL PDSCH SINR, which can be derived from DL wideband SINR. When multiple devices are scheduled (n>1), the MCS is selected based on the device that experiences the worst SINR.


[bookmark: _Toc26179676]A.6	Delay Modeling of Step 4: UL data


The UL data transmission is fully modeled in the system level simulation as in conventional system level simulation. UL data contains two parts, RRC connection request message (88bits) and UL traffic packet (256bits), so the total packet size is 344bits.To facilitate the system level simulation, only single-tone is used for scheduling, while UL data transmission is based on MAC scheduling according to UL resource utilization condition and UL SINR of devices. The transmission delay of step 4 could be depicted as the following.





where tSCHED_i is the scheduling delay for the i-th transmission, tPUSCH_duration_i is the transmission duration for i-th PUSCH transmission for the specific device. N is the retransmission times for UL data transmission. These values are derived by system level simulation.


[bookmark: _Toc26179677]A.7	DL and UL resource occupation model for Step 5 and Step 6


Since Step 5 RRC early data complete message and Step 6 HARQ Ack are after the UL data reception, the transmission delay should not be taken into consideration, but both steps would occupy a few DL and UL resource which may impact the simulation result. So the resource occupation of Step 5 and Step 6 are modeled in the system level simulation. 


[bookmark: _Toc26179678]A.7.1	DL resource occupation for Step 5: RRC Early Data Complete


This model is similar to the MSG2 transmission model (Step 3). It contains two parts, PDCCH occupation and PDSCH occupation. BS should assign PDCCH and PDSCH resource to this step according to the DL SINR to the device. Since the PDCCH of this message is masked with temporary C-RNTI, so the PDCCH would be transmitted in common searching space as depicted in Section 4.5, and the LNPDCCH should be derived based on DL SINR same as MSG2. Besides, the LNPDSCH should be derived based on DL SINR and the message size. Then the DL resource occupied by transmission of RRCEarlyDataCompele can be determined, and it will reduce the DL resource for transmission of Step 3.


[bookmark: _Toc26179679]A.7.2	UL resource occupation for Step 6: HARQ Ack


NB-IoT uses PUSCH format 2 to transmit HARQ Ack, and each resource unit is 2ms length for 15kHz sub-carrier and it has only 1 bit data. It is assumed that BS determines the UL resource occupation for a specific device according to its UL SINR, and the HARQ Ack is assumed to be error free. The UL resource occupied by this step will reduce the UL resource for Step 4.






[bookmark: _Toc26179680]Appendix B. 	Evaluation model for non-full buffer system level simulation for eMTC


[bookmark: _Toc26179681]B.1	Procedure and delay modeling


The procedure is as descripted in Section A.1


[bookmark: _Toc26179682]B.2	Evaluation method of full system level simulation


The overall method is as descripted in Section A.2


[bookmark: _Toc26179683]B.3	Delay Modeling of Step 1: Sync + MIB


The step 1 delay is given by
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where tSS is the delay for synchronization, and tMIB is the delay of MIB reception.


[bookmark: _Toc26179684]B.3.1	Synchronization delay


For eMTC, PSS and SSS are transmitted for the device to conduct synchronization, both are using 62REs  in sub-frame 0 and  sub-frame 5 as illustrated in Figure 5.








[bookmark: _Ref521069108][bookmark: _Ref521069104]Figure 5 PSS and SSS for eMTC


Denote LPSS and LSSS as the repetition times needed to successfully accomplish primary synchronization and secondary synchronization, respectively. In this case, the synchronization delay is given by











where tPSS_0 = tPSS-t0 is the time interval between the nearest PSS transmission at tPSS, and the packet arrival time, t0, TPSS =5ms is the transmission period of NPSS; tSSS_0 = tSSS-t0 is the time interval between the nearest SSS transmission at tSSS, and the packet arrival time, t0,  and TSSS=5ms is the transmission period for SSS. 


The value of LPSS and LSSS can be determined by DL SINR, based on link level simulation using TDL-iii channel model. The corresponding value of LPSS/ LSSS for a given SINR can be determined according to the 90th percentile point successful detection of PSS/SSS (under this SINR value). The DL SINR for PSS and SSS of a device could be derived from DL wideband SINR (geometry) of that device.


[bookmark: _Toc26179685]B.3.2	PBCH receiving delay


PBCH (for MIB) is transmitted in sub-frame 0 and sub-frame 9 in every radio frame with at most 4 frame combination as illustrated in Figure 6. Meanwhile, PBCH for eMTC has 5 repetition transmission (R0~R4) within sub-frame 9 and sub-frame 0 totally, as illustrated in Figure 7.
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[bookmark: _Ref514080844]Figure 6 PBCH for eMTC
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[bookmark: _Ref518059127]Figure 7 PBCH repetition mapping for FDD


Denote LPBCH as the repetition times for correctly receiving PBCH, each repetition time contains sub-frame 9 and sub-frame 0. Hence, the receiving PBCH delay is given by





where tPBCH_0 = tPBCH-t0 is the time interval between the nearest PBCH transmission at tPBCH, and the synchronization end time, t0, TPBCH =10ms is the transmission period of PBCH.


The value of LPBCH can be determined by DL SINR, based on link level simulation using TDL-iii channel model. The corresponding SNR threshold for a given LPBCH would guarantee larger than 90% successful reception ratio with LPBCH times repetition of PBCH reception. The DL SINR could be derived from DL geometry of that device.


[bookmark: _Toc26179686]B.4	Delay Modeling of Step 2: PRACH Msg1


For PRACH delay model, it is dependent on two aspects. One is the number of collisions encountered by the device, ncollision. The other aspect is the time duration, tPRACH, for correctly receiving PRACH without collision. The latter is depending on UL SINR. Therefore the PRACH delay is given by


t2=f2(ncollision, tPRACH)


If collision happens during the PRACH transmission, all of the collided PRACH transmissions are assumed to be failed, and another round of PRACH transmission for the collided UEs is needed. 


ForeMTC, the UEs will transmit PRACH according to its CE level. The CE level is determined by its RSRP (see TS36.331). For UEs in a specific CE level, the time domain resource for PRACH could be configured according to TS36.211 1 by PRACH configuration index, and the number of repetitions required for preamble transmission.  If the four CE levels share the same PRACH resource, the CE levels are differentiated by different preamble indices. 


For eMTC, the frequency resource for PRACH could be configured as 6PRBs on 1.08MHz bandwidth. 


Device starts the PRACH transmission at available sub-frame according to PRACH configuration index, and randomly selects one PRACH preamble index according to its CE level.


The PRACH of each CE level has its own parameter numRepetitionPerPreambleAttempt. And the corresponding SNR threshold is given by link level simulation using TDL-iii channel, with the guarantee of 90% successful reception ratio of PRACH. The example configuration of PRACH resource is shown as in Table 5.


Table 8 Example PRACH configuration for each CE level


			Coverage Enhancement level


			Repetition times of PRACH transmission


			Sub-frames for Transmission 





			CE Level 0


			1


			1





			CE Level 1


			4


			4





			CE Level 2


			8


			8





			CE Level 3


			32


			32








For a given UE, it is assumed that its CE level is determined by DL RSRP in the simulation. Meanwhile, a full buffer UL SINR is calculated for this UE to determine whether its PRACH could be detected by BS. If its UL SINR is lower than the corresponding CE level SNR threshold, it is assumed that BS could not detect its PRACH signal, and the UE could not receive any response from BS, then this UE would continue to send PRACH signal until maxNumPreambleAttemptCE times (See TS 36.331), after that UE should switch its CE level downward, and then starts another round of PRACH again.


If only one device occupies the channel with a given preamble index at that time, it is assumed that BS could receive the PRACH correctly. If multiple UEs within the same CE level start the PRACH transmission at the same time (say t0), and all of them using the same preamble index at t0, these UEs are collided, and their PRACH reception at BS side would be failed.


When collision occurs, a backoff mechanism is used to avoid further collision to next transmission (see Section 5.1.5 in TS36.321). The backoff length (until the next PRACH transmission) consists of two parts: one is the backoff window with length of tbackoff, which is a random value between {0, Twindow}ms; the other part is the RA response window with the length of TRAwindow. In this case, the total latency for PRACH is given by





where tPRACH_0_i is from the time when the device is ready to send PRACH to the time of the nearest PRACH transmission opportunity for this device, tPRACH_duration_i is the transmission duration of the i-th PRACH transmission of the device (depending on UL SINR, PRACH repetition and available PRACH sub-frame configuration), tbackoff_i is the window length of the i-th back off which is randomly selected in (0, Twindow)ms, where the value of Twindow could be configured as Table 8 Backoff Parameter values for eMTCTable 8(See Table 7.2-1 in TS 36.321), and TRAwindow could be configured as 400 sub-frames(See Section 6.3.2 in TS 36.331), and ncollision≥0 is number of collisions encountered by the device that is provided by the system level simulation.  


[bookmark: _Ref521069594][bookmark: _Ref521069590]Table 9 Backoff Parameter values for eMTC


			Index


			Backoff Parameter value (ms)





			0


			0





			1


			10





			2


			20





			3


			30





			4


			40





			5


			60





			6


			80





			7


			120





			8


			160





			9


			240





			10


			320





			11


			480





			12


			960





			13


			Reserved





			14


			Reserved





			15


			Reserved








[bookmark: _Ref521068894][bookmark: _Toc26179687]B.5	Delay Modeling of Step 3: MPDCCH + RAR (including UL grant)


For eMTC, the Step 3 transmission (downlink) consists of NMPDCCH transmission and RAR transmission,


 where tMPDCCH is the delay for correctly receiving MPDCCH, and tRAR is the delay for correctly receiving RAR. The modeling of MPDCCH and MPDSCH are based on system level scheduling, while MPDCCH has a higher scheduling priority for a given scheduling time. Currently, the simulation based way is used in the evaluation. 


[bookmark: _Toc26179688]B.5.1	MPDCCH Delay


[bookmark: _Ref521071301]For eMTC, device needs to monitor every MPDCCH candidate with maximum 24 aggregation level within configured set of (at most 4) repetition numbers from the start of the search space to the end of the search space. And the common search space is illustrated in Figure 8. For a given CE level, RMAX and G are configured to determine the period of common searching space of this CE level, Where TPDCCH = G* RMAX. UE should monitor each PDCCH candidate within a set of repetition { RMAX /8 , RMAX /4  , RMAX /2  , RMAX }. So the LNDCCH should be selected in this repetition set.
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[bookmark: _Ref521071562]Figure 8 Example of Common Searching Space





The MPDCCH transmission delay for a specific device consists of two parts, i.e., the scheduling delay and the transmission duration,





where tMPDCCH_0 = tMPDCCH_sche - t0 is the time interval between the available MPDCCH transmission for the specific device at tMPDCCH_sche, and the PRACH end time, t0, LMPDCCH is the repetition times for correctly receiving MPDCCH, and TTI=1ms.


If multiple devices which belong to the same CE level request MPDCCH transmission at a specific time instance, they may share the MPDCCH resource. In this case, the value of LMPDCCH for device k will be aligned with the device that requests the largest value of LMPDCCH.


The value of tMPDCCH_0 can be derived from simulation or an appropriate model. When multiple devices request MPDCCH transmission, there might be waiting time for a specific device, which is accounted in tNPDCCH_0.


The value of LMDCCH can be determined by DLSINR, based on link level simulation using TDL-iii channel model. The corresponding SNR threshold for a given LMDCCH would guarantee larger than 90% successful reception ratio with LMDCCH times repetition of NPDCCH reception. It is noted that MPDCCH is transmitted using QPSK, with 31 bits for ModeB and 45 bits for ModeA, including 16 bits CRC.


[bookmark: _Toc26179689]B.5.2	RAR delay


The RAR transmission delay for a specific device consists of two parts, i.e., the scheduling delay and the transmission duration,





where tMPDSCH_0 = tMPDSCH_sche - t0 is the time interval between the available MPDSCH transmission for the specific device at tMPDCCH_sche, and the MPDCCH end time, t0, the available MPDSCH means an unused DL resource after time t0, note that the MPDSCH must have at least 1 TTI interval with the end of MPDCCH, LMPDSCH is the repetition times for correctly receiving MPDSCH, and TTI=1ms.


For the case of BS scheduling RAR for multiple UEs simultaneously, the RAR packet size would be nS where S=56bits is the size of a single RAR, and n denotes the number of scheduled devices. The scheduled devices share the same MCS which is selected based on DL SINR. The value of LMPDSCH for device k will be aligned with the device which requests the largest value of LMPDSCH and it could be derived from simulation according to RAR packet size and DL SINR, while DL SINR could be derived from DL wideband SINR.


[bookmark: _Toc26179690]B.6	Delay Modeling of Step 4: UL data


The UL data transmission is fully modeled in the system level simulation as in conventional system level simulation. UL data contains two parts, RRC connection request message (88bits) and UL traffic packet (256bits), so the total packet size is 344bits.To facilitate the system level simulation, the UL MCS is selected based on UL resource utilization and the repetition times is determined by MCS and UL SINR, which means BS would select MCS  for a given UE according to the available consecutive RB number and the packet size(344bits) to ensure that UE could send the total packet within one transmission to follow the early data transmission procedure. After that BS could determine the transmission repletion times based on the selected MCS and device’s UL SINR.. The transmission delay of step 4 could be depicted as the following.





where tSCHED_i is the scheduling delay for the i-th transmission, tPUSCH_duration_i is the transmission duration for i-th PUSCH transmission for the specific device. N is the retransmission times for UL data transmission. These values are derived by system level simulation.


[bookmark: _Toc26179691]B.7	DL and UL resource occupation model for Step 5 and Step 6


Since Step 5 RRC early data complete message and Step 6 HARQ Ack are after the UL data reception, the transmission delay should not be taken into consideration, but both steps would occupy a few DL and UL resource which may impact the simulation result, so the resource occupation of Step 5 and Step 6 are modeled in the system level simulation. 


[bookmark: _Toc26179692]B.7.1	DL resource occupation for Step 5: RRC Early Data Complete


This model is similar to the MSG2 transmission model (Step 3), it contains two parts, PDCCH occupation and PDSCH occupation. BS should assign PDCCH and PDSCH resource according to its DL SINR of the device. Since the PDCCH of this message is masked with temporary C-RNTI, so the PDCCH would be transmitted in common searching space as depicted in Section 4.124.5, the LMPDCCH should be derived based on DL SINR and the message size. Then the DL resource occupied by transmission of RRCEarlyDataCompele can be determined, and it will reduce the DL resource for transmission of Step 3.


[bookmark: _Toc26179693]B.7.2	UL resource occupation for Step 6: HARQ Ack


eMTC uses PUCCH to transmit HARQ Ack, it is assumed that PUCCH resource is not within 1.08MHz of eMTC, and the HARQ Ack is assumed to be error free. So the UL resource occupation of this step is not considered in the simulation.






[bookmark: _Toc26179694]Appendix C. System level simulation assumption 


[bookmark: _Toc26179695]C.1	Simulation assumption for mMTC


Table 10 Simulation assumption


			Urban Macro - mMTC


			Parameter





			Carrier frequency for evaluation


			700 MHz





			ISD


			Config A: 500m


Config B:1732m





			BS antenna height


			25 m





			Total transmit power per TRxP


			43 dBm on 180kHz





			Device power class


			23 dBm





			Inter-site distance


			1732 m





			Number of antenna elements per TRxP


			16 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), (dH,dV) = (N/A, 0.8)λ
+45°, -45° polarization





			Number of TXRU per TRxP


			2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)





			Number of device antenna elements 


			1Tx/Rx
0° polarization





			Number of TXRU per device


			1TXRU





			Device deployment


			80% indoor, 20% outdoor
Randomly and uniformly distributed over the area





			Device mobility model


			Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction.





			Device speeds of interest


			3 km/h for indoor and outdoor





			Inter-site interference modeling


			Explicitly modelled





			BS noise figure


			5 dB





			Device noise figure


			7 dB 





			BS antenna element gain


			8 dBi





			Device antenna element gain


			0 dBi





			Thermal noise level


			-174 dBm/Hz





			Traffic model


			With layer 2 PDU (Protocol Data Unit) message size of 32 bytes:


1 message/2 hours/device 


Packet arrival follows Poisson arrival process 





			Device antenna height


			1.5 m





			Channel model


			Channel model A


Channel model B





			TRxP number per site


			3





			Mechanic tilt 


			90° in GCS (pointing to horizontal direction)





			Electronic tilt


			Config A: 99° in LCS


Config A: 93° in LCS





			TRxP boresight


			30 / 150 / 270 degrees 


[image: cid:image004.png@01D19614.C45E6D10]





			UT attachment


			Based on RSRP from port 0





			Wrapping around method


			Geographical distance based wrapping





			Minimum distance of TRxP and device


			d2D_min=10m 





			Polarized antenna model


			Model-2 in TR36.873








[bookmark: _Toc26179696]C.2	Simulation assumption for NB-IoT


Table 11 Simulation assumption for NB-IoT


			Urban Macro – NB-IoT


			Parameter





			Simulation bandwidth


			180 kHz





			Sub-carrier spacing for PDCCH, PDSCH


			15 kHz





			Sub-carrier spacing for PUSCH


			15 kHz





			PRACH


			90kHz with 24 sub-carriers (channels) in 180 kHz BW,
 3.75kHz sub-carrier spacing for PRACH


Back off window Twindow=512ms





			UL DMRS


			2 symbols per 14 OFDM symbols





			PUSCH scheduling unit


			Single tone (15kHz)





			NPDCCH period TPDCCH


			CE level 0: 24ms, 


CE Level 1: 48ms 


CE level 2: 96ms





			Power control 


			ISD 1732m: Alpha = 1, P0 = -115.8 dBm on 15kHz


ISD 500m: Alpha = 1, P0 = -100 dBm on 15kHz








[bookmark: _Toc26179697]C.3	Simulation assumption for eMTC


Table 12 Simulation assumption for eMTC


			Urban Macro – eMTC


			Parameter





			Simulation bandwidth


			1.08MHz





			Sub-carrier spacing for PDCCH, PDSCH


			15 kHz





			Sub-carrier spacing for PUSCH


			15 kHz





			PRACH


			2 sub-frame per frame





			UL DMRS


			2 symbols per 14 OFDM symbols





			PUSCH scheduling unit


			180KHz





			Simulation bandwidth


			1.08MHz





			Power control 


			ISD 1732m: Alpha = 1, P0 = -113 dBm on 180kHz


ISD 500m: Alpha = 1, P0 = -103 dBm on 180kHz








[bookmark: _Toc26179698]C.4	Simulation assumption for NR


Table 13 Simulation assumption for NR


			Urban Macro – eMTC


			Parameter





			Simulation bandwidth


			5MHz





			Sub-carrier spacing for PDCCH, PDSCH


			15 kHz





			Sub-carrier spacing for PUSCH


			15 kHz





			UL DMRS


			12 symbols per RB





			PUSCH scheduling unit


			180kHz





			Simulation bandwidth


			5 MHz





			Power control 


			ISD 1732m: Alpha = 1, P0 = -113 dBm on 180kHz


ISD 500m: Alpha = 1, P0 = -103 dBm on 180kHz








[bookmark: _Toc26179699]Appendix D. Link level simulation assumption


Table 14 Link-level simulation assumption


			


			NB-IoT Parameter


			eMTC Parameter


			NR Parameter





			Simulation bandwidth


			15kHz


			180kHz


			180kHz





			Sub-carrier spacing


			15 kHz


			15 kHz


			15 kHz





			Modulation order


			π/2 BPSK /π/4 QPSK


			QPSK/16QAM


			QPSK/16QAM





			Number of Resource unit


			2,3,4,5,6,8,10


			-


			-





			Number of TTI


			-


			1,4


			1





			Number of repetition


			1,2,4,8,16


			1,2,4,8,16,32


			-





			Channel model


			TDL-iii





			Delay spread


			363ns





			TBS


			256


			16,24,32,40,56,72,104,120,136,144,176,208,224,256


			40,48,64,80,96,144,152,168,184,208,240,256





			Channel estimation


			Realistic











[bookmark: _Toc26179700]Appendix E. SINR distribution of full buffer system level simulation
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Figure 9 SINR distribution of NB-IoT, eMTC and NR for config A/B with Channel model A/B


[bookmark: _Toc26179701]Appendix F.  Spectrum efficiency from link-level simulation
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Figure 10 Spectrum efficiency of NB-IoT, eMTC and NR
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Full buffer system-level simulation



Step 1:  Perform full-buffer system-level simulation using the evaluation parameters for Urban 



Macro-mMTC test environment, determine the uplink SINR



i



 for each percentile i=1…99 of 



the distribution over users, and record the average allocated user bandwidth W



user



.



In case UE multiplexing on the same time/frequency resource is modelled in this step, 



record the average number of multiplexed users N



mux



. N



mux



 = 1 for no UE multiplexing.



Step 2:  Perform link-level simulation and determine the achievable user data rate R



i



 for the 



recoded SINR



i



 and W



user



 values. 



In case UE multiplexing on the same time/frequency resource is modelled in this step, 



record the average number of multiplexed users n



mux,i



 under SINR



i 



. The achievable data 



rate for this case is derived by R



i 



= Z



i



/n



mux,i



, where aggregated bit rate Z



i 



is the summed bit 



rate of n



mux,i



 users on W



user



. n



mux,i



 = 1 for no UE multiplexing. 



Step 3:  Calculate the packet transmission delay of a user as D



i



 = S/R



i



, where S is the packet size.



Step 4:  Calculate the traffic generated per user as T = S/T



inter-arrival



, where T



inter-arrival



 is the 



inter-packet arrival time.



Step 5:    Calculate the long-term frequency resource requested under SINR



i



 as B



i



 = T/(R



i



/W



user



).



Misc: The requirement is fulfilled if the 99



th



 percentile of the delay per user D



i



 is less than or 



equal to 10s, and the connection density is greater than or equal to the connection density 



requirement defined in ITU-R M.[IMT-2020.TECH PERF REQ].



The simulation bandwidth used 



to fulfill the requirement should be reported. Additionally, it 



is encouraged to report



 the connection efficiency (measured as N divided by simulation 



bandwidth) for the achieved connection density.



Step 6:    Calculate the number of supported connections per TRxP, N = W / mean(B



i



). W is the 



simulation bandwidth. The mean of B



i



 may be taken over the best 99% of the SINR



i



 



conditions.



In case UE multiplexing is modelled in Step 1, N = N



mux



 × W / mean(B



i



). In case UE 



multiplexing is modelled in Step 2, N = W / mean(B



i



/n



mux,i



). 



Step 7:  Calculate the connection density as C = N / A, where the TRxP area A is calculated as A = 



ISD



2



 × sqrt(3)/6, and ISD is the inter-site distance.






image3.emf


Non-full buffer system-level simulation



Step 1:  Set system user number per TRxP as N.



Step 2:  Generate the user packet according to the traffic model.



Step 3:  Run non-full buffer system-level simulation to obtain the packet outage rate. The outage 



rate is defined as the ratio of the number of packets that failed to be delivered to the 



destination receiver within a transmission delay of less than or equal to 10s to the total 



number of packets generated in the step 2.



Step 4:  Change the value of N and repeat step2-3 to obtain the system user number per TRxP N’ 



satisfying the packet outage rate of 1%.



Step 5:    Calculate connection density by equation C = N’ / A, where the TRxP area A is calculated 



as A = ISD



2



 × sqrt(3)/6, and ISD is the inter-site distance.



Misc: The requirement is fulfilled if the connection density C is greater than or equal to the 



connection density requirement defined in ITU-R M.[IMT-2020.TECH PERF REQ].



The simulation bandwidth used 



to fulfill the requirement should be reported. Additionally, it 



is encouraged to report



 the connection efficiency (measured as N’ divided by simulation 



bandwidth) for the achieved connection density.
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[bookmark: _Toc26280938]Introduction





In this document, the considerations on self-evaluation and evaluation results for mobility for the candidate RIT IMT-2020/14 (3GPP NR) is presented. After a brief review of the requirements and the evaluation methodology, system-level SINR distributions and link-level spectral efficiency results are provided. The preliminary results indicate that the IMT-2020 requirements can be met.


[bookmark: _Toc26280939]The IMT-2020 requirement and evaluation methodology


The general evaluation method and procedure for mobility evaluation is defined in Report ITU-R M.2412 [1]. This procedure includes system-level simulation (SLS) part and link-level simulation (LLS) part. For SLS part, the pre-processing SINR is used. The IMT-2020 requirements on spectral efficiencies for different mobility scenarios, taken from [1], are reproduced in Table 1. Note that a test environment is composed of a geographic environment and a usage scenario; the requirement is to consider the eMBB usage scenario across three different geographic environments. Each test environment further contains “evaluation configurations” or “test configurations” – these are explained in detail in §8.4 of [2]. In this report, the evaluation configurations considered are as follows: 


· Indoor hotspot-eMBB: carrier frequencies of 4, 30 and 70 GHz


· Dense urban-eMBB: carrier frequencies of 4 and 30 GHz 


· Rural-eMBB: carrier frequencies of 700 MHz and 4 GHz


For each test environment, the mobility requirement needs to be evaluated and fulfilled for only one configuration.   


			Test environment


			Normalized traffic channel link data rate (Bit/s/Hz)


			Mobility (km/h)





			Indoor Hotspot – eMBB (InH-eMBB)


			1.5


			10





			Dense Urban – eMBB (DU-eMBB)


			1.12


			30





			Rural – eMBB (RU-eMBB)


			0.8


			120





			


			0.45


			500








[bookmark: _Ref3133294]Table 1: Traffic channel link data rates normalized by bandwidth.


The general evaluation method and procedure for mobility evaluation is defined in Report ITU-R M.2412 [1]. This procedure includes system level simulation (SLS) part and link level simulation (LLS) part. In RAN1#92bis meeting, the detailed evaluation method and parameters for these two parts are discussed [2].


For SLS part, the pre-processing SINR is used. The pre-processing SINR is defined on an Rx antenna port with respect to a Tx antenna port. The details of calculating pre-processing SINR is refer to Section 2.1.1 in [2].


For LLS part, the antenna pattern options are proposed, and inter-port distance is specified. There are three options for the use of antenna port pattern [2]. 0dBi omni-directional gain is assumed for Tx and Rx antenna ports is used in this contribution.


The evaluation method in [2] is used to derive the evaluation results in this contribution.


[bookmark: _Toc26280940]Mean ZoD spread of system level channel model


In [2], there is a remaining issue on mean value of ZoD spread. According to ITU-R guideline, the ZoD spread in link level channel model should be scaled to the mean value in system level channel model. It is agreed in [2] that,


Use the 50%-tile point of CDF of the mean value of ZoD spread of all UEs based on UE dropping in system level simulation. The mean value of ZoD spread of a UE is calculated according to the formula given in Table 1 and Table 2 for Dense Urban and Rural test environment, respectively, where d2D and hUT of a UE is determined by the UE dropping.


Table 1 Mean value calculation for UMa ZoD spread


			


			Frequency


			Parameters


			UMa_x





			


			


			


			LOS


			NLOS





			UMa_A


			0.5 GHz≤ fc ≤6 GHz


			lgZSD


			max[-0.5, -2.1(d2D/1000) -0.01 (hUT - 1.5)+0.75]


			max[-0.5, -2.1(d2D/1000) -0.01(hUT - 1.5)+0.9]





			


			6 GHz< fc ≤ 100 GHz


			lgZSD


			max[-0.5, -2.1(d2D/1000) -0.01 (hUT - 1.5)+0.75]


			max[-0.5, -2.1(d2D/1000)-0.01(hUT - 1.5)+0.9]





			UMa_B


			0.5 GHz≤ fc ≤ 100 GHz


			lgZSD


			max[-0.5, -2.1(d2D/1000)-


0.01 (hUT -1.5)+0.75]


			max[-0.5, -2.1(d2D/1000)-0.01(hUT - 1.5)+0.9]








Table 2 Mean value calculation for RMa ZoD spread


			


			Frequency


			Parameters


			RMa_x





			


			


			


			LOS


			NLOS





			RMa_A


RMa_B


			RMa_A：0.5 GHz≤ fc ≤ 6 GHz, RMa_B：0.5 GHz≤ fc ≤ 7 GHz


			lgZSD


			max(-1, -0.17*( d2D /1000)-0.01*( hUT -1.5)+0.22)


			max(-1, -0.19*( d2D /1000) - 0.01*( hUT -1.5)+0.28)











[bookmark: _Toc26280941]Detailed method of deriving mean value of ZoD spread for LOS and NLOS


In link level simulation, LOS and NLOS channel will be evaluated separately. Therefore, the mean value of ZoD spread should be derived for LOS and NLOS, separately. Based on the above agreement, the detailed derivation is as follows:


· In the UE drop in system level simulation, determine “LOS” UE and “NLOS” UE according to LOS probability from system level channel model (“LOS UE” means the channel state is LOS for UE to its serving TRxP; “NLOS UE” means the channel state is NLOS for UE to its serving TRxP)


· Assume there are N “LOS” UEs, and M “NLOS” UEs; N+M=570 for dense urban and rural test environment. Calculate the value of lgZSD for “LOS” UE and “NLOS” UE according to “LOS” and “NLOS” column in Table 1 or Table 2, respectively. 


· Plot CDF of lgZSD for “LOS” UEs, based on the N samples, and find the 50%-tile point as the mean value of ZoD spread in case of LOS. Similarly, plot CDF of lgZSD for “NLOS” UEs, based on the M samples, and find the 50%-tile point as the mean value of ZoD spread in case of NLOS.


Proposal 1: Use the detailed method shown in Section 3.1 to derive the mean value of ZoD spread for LOS and NLOS.


[bookmark: _Toc26280942]The results of mean value of ZoD spread


According to the above-mentioned method, the mean value of ZoD in degree is shown is Table 3 (see gray grids), and the CDF figures are provided in Appendix 1. 


Table 3 Mean value of ZoD spread for Dense Urban and Rural – eMBB test environment


			Parameters


			Dense Urban-eMBB


			Rural-eMBB





			


			Config A


(4 GHz)


			Config B


(30 GHz)


			Config A/B


(700 MHz/4 GHz)





			Link-level Channel model


			LOS: CDL/TDL-v


			NLOS: CDL/TDL-iii


			LOS: CDL/TDL-v


			NLOS: CDL/TDL-iii


			LOS: CDL/TDL-v


			NLOS: CDL/TDL-iii





			ZoD angular spreads scaling parameter [image: ] 
(degree)


			3.3


			4.6


			TBD from 50%-tile point of CDF of ZoD spread


			TBD from 50%-tile point of CDF of ZoD spread


			1.25


			1.44











[bookmark: _Toc26280943]Evaluation results 


[bookmark: _Toc26280944]SINR distribution


In this section, the evaluation results for mobility is provided. In Figure 1, the pre-processing SINR CDFs for eMBB test environment are provided. The assumptions are provided in Appendix 2.


[image: ][image: ]


(a) Rural – eMBB (700 MHz)                                        (b) Rural – eMBB (4 GHz)


[image: ][image: ]


                          (c) Dense Urban – eMBB (4 GHz)                               (d) Indoor Hotspot – eMBB (4 GHz)


[bookmark: _Ref510626396]Figure 1 UL SINR distribution for eMBB test environments


Based on the above figures, the 50%-tile point of the CDF for different test environments are listed in Table 4.


Table 4 The 50%-tile point of SINR CDF for different test environments


			Test environment


			Evaluation configuration


			UE mobility


			50%-tile point of SINR CDF (dB)





			


			


			


			Channel model A


			Channel model B





			Rural – eMBB


			Config. A (700 MHz)


			120 km/h


			10.21


			10.14





			


			


			500 km/h


			9.67


			9.65





			Rural - eMBB


			Config. B (4 GHz)


			120 km/h


			4.66


			4.50





			


			


			500 km/h


			2.90


			2.72





			Dense Urban – eMBB


			Config. A (4 GHz)


			30 km/h


			5.52


			5.32





			Indoor Hotspot – eMBB (12 TRxP)


			Config. A (4 GHz)


			10 km/h


			3.90


			3.95





			Indoor Hotspot – eMBB (36 TRxP)


			Config. A (4 GHz)


			10 km/h


			-0.21


			-0.07








[bookmark: _Toc26280945]Link performance


In this section, the uplink link level evaluation results for mobility is provided, and the results of NR for different test environments are listed in Table 5.


Table 5 The uplink link level evaluation results for different test environments for NR


			Test environment


			ITU requirement (bit/s/Hz)


			Evaluation configuration


			Channel Model


			50%-tile point of SINR CDF (dB)


			Uplink SE (bit/s/Hz)





			


			


			


			


			


			FDD


			TDD





			


			


			


			


			


			NLOS


			LOS


			NLOS


			LOS





			Indoor Hotspot –eMBB 


(12 TRxP)


			1.5


			Config. A


(4 GHz)


			Channel model A


			3.90


			1.75 


			2.05 


			1.59 


			1.94 





			


			


			


			Channel model B


			3.95


			1.75 


			2.07 


			1.60 


			1.95 





			Dense Urban – eMBB


			1.12


			Config. A


(4 GHz)


			Channel model A


			5.52


			1.92 


			2.22 


			1.82 


			2.17 





			


			


			


			Channel model B


			5.32


			1.89 


			2.19 


			1.79 


			2.06 





			Rural –eMBB 


(120 km/h)


			0.8


			Config. A


(700 MHz)


			Channel model A


			10.21


			2.32 


			2.90 


			2.10 


			2.63 





			


			


			


			Channel model B


			10.14


			2.31 


			2.90 


			2.09 


			2.63 





			


			


			Config. B


(4 GHz)


			Channel model A


			4.66


			1.30 


			1.74 


			1.18 


			1.57 





			


			


			


			Channel model B


			4.50


			1.28 


			1.68 


			1.16 


			1.52 





			Rural –eMBB 


(500 km/h)


			0.45


			Config. A


(700 MHz)


			Channel model A


			9.67


			2.07 


			2.64 


			1.88 


			2.39 





			


			


			


			Channel model B


			9.65


			2.07 


			2.64 


			1.87 


			2.39 





			


			


			Config. B


(4 GHz)


			Channel model A


			2.90


			0.92 


			1.33 


			0.84 


			1.22 





			


			


			


			Channel model B


			2.72


			0.91 


			1.33 


			0.83 


			1.22 








Observation 1: NR can fulfill the mobility requirements of IMT-2020 in all test environments.





[bookmark: _Toc26280946]Summary


[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this document, the consideration and evaluation results on mobility is provided. The following proposals are made.


Proposal 1: Use the detailed method shown in Section 3.1 to derive the mean value of ZoD spread for LOS and NLOS.


Observation 1: NR can fulfill the mobility requirements of IMT-2020 in all test environments.
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[bookmark: _Toc26280948]Appendix 1 	CDF for ZoD spread for LOS and NLOS





The CDF of mean value of ZoD spread for LOS and NLOS for Rural and Dense Urban test environment are plotted from Figure A1-1 to Figure A1-3, respectively.
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Figure A1-1 Mean value of ZoD (degree) for Rural (4 GHz) 
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Figure A1-2 Mean value of ZoD (degree) for Rural (700 MHz) 
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Figure A1-3 Mean value of ZoD (degree) for Dense Urban (4 GHz) 
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The simulation assumption of system level part for mobility evaluation is listed in Table A2-1.





Table A2-1. Simulation assumptions of SLS


			


			Indoor Hotspot – eMBB


			Dense urban - eMBB


			Rural - eMBB





			Evaluation configuration


			Configuration A,


 Configuration B


			Configuration A


 


			Configuration A,


 Configuration B





			Carrier frequency for evaluation


			4 GHz


			4 GHz


			Configuration A :700 MHz


Configuration B : 4 GHz





			Multiple access


			OFDMA


			OFDMA


			OFDMA





			Duplexing 


			FDD, TDD


			FDD, TDD


			FDD, TDD





			Transmission scheme


			UL SIMO


			UL SIMO


			UL SIMO





			BS antenna height


			3m


			25 m


			35 m





			Total transmit power per TRxP


			21 dBm for 10 MHz bandwidth


			41 dBm for 10 MHz bandwidth


			46 dBm for 10 MHz bandwidth





			UE power class


			23 dBm


			23 dBm


			23 dBm





			Percentage of high loss and low loss building type


			-


			20% high loss, 80% low loss (applies to Channel model B)


			100% low loss (applies to Channel model B)





			Inter-site distance


			20 m


			200 m


			1732 m





			Number of antenna elements per TRxP


			32 Tx/Rx, (M,N,P,Mg,Ng) = (4,4,2,1,1), (dH,dV) = (0.5, 0.5)λ


+45°, -45° polarization


			64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.8)λ


+45°, -45° polarization


			32 Tx/Rx, (M,N,P,Mg,Ng) = (8,2,2,1,1), (dH,dV) = (0.5, 0.8)λ


+45°, -45° polarization





			Number of TXRU per TRxP


			8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)


			8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)


			4TXRU, (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)





			Number of UE antenna elements


			1Tx/Rx, (M,N,P,Mg,Ng) = (1,1,1,1,1)


			1Tx/Rx, (M,N,P,Mg,Ng) = (1,1,1,1,1)


			1Tx/Rx, (M,N,P,Mg,Ng) = (1,1,1,1,1)





			Device deployment


			100% indoor


Randomly and uniformly distributed over the area


			80% indoor, 20% outdoor (in car)


Randomly and uniformly distributed over the area under Macro layer


			50% indoor, 50% outdoor (in car)


Randomly and uniformly distributed over the area





			UE speeds of interest


			10 km/h


			30 km/h;


			120 km/h;500km/h;





			Traffic model


			Full buffer


			Full buffer


			Full buffer





			Simulation bandwidth


			For FDD: 10 MHz


For TDD: 20 MHz


			For FDD: 10 MHz


For TDD: 20 MHz


			For FDD: 10 MHz


For TDD: 20 MHz





			UE density


			10 UEs per TRxP


			10 UEs per TRxP


			10 UEs per TRxP





			UE antenna height


			1.5 m


			Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5;
nfl ~ uniform(1,Nfl) where
Nfl ~ uniform(4,8)


			1.5 m





			Channel model variant


			Alt. 1: Channel model A


Alt. 2: Channel model B


			Alt. 1: Channel model A


Alt. 2: Channel model B


			Alt. 1: Channel model A


Alt. 2: Channel model B





			TRxP number per site


			1 or 3


			3


			3





			Mechanic tilt


			For 1 TRxP per site:180° in GCS (pointing to the ground)


For 3 TRxPs per site: 110°


			90° in GCS (pointing to horizontal direction)


			90° in GCS (pointing to horizontal direction)





			Electronic tilt


			90° in LCS


			105° in LCS


			100° in LCS





			Handover margin (dB)


			1


			1


			1





			TRxP boresight


			For 1 TRxP per site::-


For 3 TRxP per site: 30 / 150 / 270 degrees


			30 / 150 / 270 degrees


			30 / 150 / 270 degrees





			UT attachment


			Based on RSRP (formula (8.1-1) in TR36.873) from port 0


			Based on RSRP (formula (8.1-1) in TR36.873) from port 0


			Based on RSRP (formula (8.1-1) in TR36.873) from port 0





			Wrapping around method


			No wrapping around


			Geographical distance based wrapping


			Geographical distance based wrapping





			Minimum distance of TRxP and UE


			d2D_min=0m


			d2D_min=10m


			d2D_min=10m





			Polarized antenna model


			Model-2 in TR36.873


			Model-2 in TR36.873


			Model-2 in TR36.873





			Power control parameters


			= 0.6,  P0 = -60 dBm


			= 0.9,  P0 = -86 dBm


			For 700 MHz := 0.8,  P0 = -76 dBm


For 4 GHz := 0.6,  P0 = -60 dBm





			Numerology


			For FDD: One slot with 15 kHz SCS


For TDD: One slot with 30 kHz SCS


			For FDD: One slot with 15 kHz SCS


For TDD: One slot with 30 kHz SCS


			For 700 MHz:


· 120 km/h: one slot with 15 kHz SCS


· 500 km/h: one slot with 30 kHz SCS


For 4 GHz:


· 120 km/h: one slot with 30 kHz SCS


· 500 km/h: one slot with 60 kHz SCS





			Scheduling


			PF


			PF


			PF





			Receiver


			MMSE-IRC


			MMSE-IRC


			MMSE-IRC





			Pre-processing SINR calculation


			Aligned with Section 2.1.1 in R1-1805643


			Aligned with Section 2.1.1 in R1-1805643


			Aligned with Section 2.1.1 in R1-1805643















[bookmark: _Toc26280950]Appendix 3 	Simulation assumption of LLS part for 	mobility 


The simulation assumption of link level part for mobility evaluation is listed in Table A3-1.


Table A3-1. Simulation assumptions of LLS


			


			Indoor Hotspot – eMBB


			Dense urban - eMBB


			Rural – eMBB 





			Carrier frequency for evaluation


			4 GHz


			4 GHz


			Configuration A :700 MHz; Configuration B : 4 GHz





			RIT


			NR


			NR


			NR





			Waveform


			CP-OFDM


			CP-OFDM


			CP-OFDM





			Duplexing 


			FDD, TDD


			FDD, TDD


			FDD, TDD





			TDD frame structure


			DDDSU


			DDDSU


			DDDSU





			Evaluated service profiles


			Full buffer best effort


			Full buffer best effort


			Full buffer best effort





			Simulation bandwidth


			10 MHz


			10 MHz


			10 MHz





			Number of users in simulation


			1


			1


			1





			Link-level Channel model


			NLOS: CDL-i


LOS: CDL-iv


			NLOS: CDL-iii


LOS: CDL-v


			NLOS: CDL-iii


LOS: CDL-v





			UE speed


			10 km/h


			30 km/h


			120 km/h, 500 km/h





			Subcarrier spacing


			For FDD: 15 kHz


For TDD: 30 kHz


			For FDD: 15 kHz


For TDD: 30 kHz


			For 700 MHz:


· 120 km/h: 15 kHz


· 500 km/h: 30 kHz


For 4 GHz:


· 120 km/h: 30 kHz


· 500 km/h: 60 kHz





			Symbols number per slot


			14


			14


			14





			Antenna configuration at TRxP


			8R, (4,4,2,1,1; 1,4)


			8R, (8,4,2,1,1; 1,4)


			4R, (8,2,2,1,1; 1,2)





			Antenna configuration at UE


			1T, (1,1,1,1,1; 1,1)


			1T, (1,1,1,1,1; 1,1)


			1T, (1,1,1,1,1; 1,1)





			TXRU pattern at TRxP


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional





			TXRU pattern at UE


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional





			Transmission mode


			SIMO


			SIMO


			SIMO





			Transmission rank


			Rank 1


			Rank 1


			Rank 1





			UL precoder


			-


			-


			-





			TRxP receiver type


			MMSE-IRC


			MMSE-IRC


			MMSE-IRC





			Channel estimation


			LMMSE


			LMMSE


			LMMSE





			Number of subcarriers per PRB


			12


			12


			12





			Data allocation


			14 symbol slots, with 12 RB allocated


			14 symbol slots, with 12 RB allocated


			14 symbol slots, with 12 RB allocated





			Channel coding scheme


			LDPC


			LDPC


			LDPC





			Link adaptation


			Yes


			Yes


			Yes





			HARQ


			Max 4 HARQ transmissions


			Max 4 HARQ transmissions


			Max 4 HARQ transmissions





			DMRS configuration


			2 symbol DMRS (front loaded and one additional) with configuration type 2, no FDM with data and full power utilization in DMRS symbols


			2 symbol DMRS (front loaded and one additional) with configuration type 2, no FDM with data and full power utilization in DMRS symbols


			- For 4GHz 500km/h: 4 symbol DMRS (front loaded and 3 additional) with configuration type 2, no FDM with data and full power utilization in DMRS symbols


- Others: 2 symbol DMRS (front loaded and one additional) with configuration type 2, no FDM with data and full power utilization in DMRS symbols





			Other overhead


			- SRS: 2 symbols per 5 slots. For TDD, the 2 symbols are the 2 uplink symbols in S sub-frame


- PUCCH :2 RB in 10MHz bandwidth 


			- SRS: 2 symbols per 5 slots. For TDD, the 2 symbols are the 2 uplink symbols in S sub-frame


- PUCCH :2 RB in 10MHz bandwidth


			- SRS: 2 symbols per 5 slots. For TDD, the 2 symbols are the 2 uplink symbols in S sub-frame


- PUCCH :2 RB in 10MHz bandwidth
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[bookmark: _Toc26161288]Introduction





The reliability requirement is defined in Report ITU-R M.2410 [1] for the purposes of evaluation in an urLLC usage scenario. It relates to the capability of transmitting a given amount of traffic within a pre-determined time duration with high success (low error) probability. 


[bookmark: _Toc26161289]Metric, requirement and evaluation of reliability 


[bookmark: _Ref7022061]According to [1], the reliability requirements are defined as in subsection 2.1, and the proposed evaluation approach is provided in subsection 2.2 as follows. 


[bookmark: _Toc26161290]Metric definition and requirements


Reliability is the success probability of transmitting a layer 2/3 packet within a required maximum time, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface at a certain channel quality.





This requirement is defined for the purpose of evaluation in the URLLC usage scenario. 


The minimum requirement for the reliability is 1-10-5 success probability of transmitting a layer 2 PDU (protocol data unit) of 32 bytes within 1 ms in channel quality of coverage edge for the Urban Macro-URLLC test environment, assuming small application data (e.g. 20 bytes application data + protocol overhead). 





Proponents are however encouraged to consider larger packet sizes, e.g. layer 2 PDU size of up to 100 bytes.


[bookmark: _Toc26161291]Evaluation of reliability


The evaluation of reliability is based on a combination of system level and link level simulations. The system level simulation can provide the operation point (e.g., average SINR) from a multi-cell multi-user environment’s perspective, while the link level simulation can further show how a RIT/SRIT can achieve the balance between reliability and latency with affordable complexity (as only a single link needs to be explicitly modelled) at the said operation point.





			The evaluator shall perform the following steps in order to evaluate the reliability requirement using system-level simulation followed by link-level simulations.


Step 1: 	Run downlink or uplink full buffer system-level simulations of candidate RITs/SRITs using the evaluation parameters of Urban Macro-URLLC test environment see § 8.4.1 below, and collect overall statistics for downlink or uplink SINR values, and construct CDF over these values.


Step 2:	Use the CDF for the Urban Macro-URLLC test environment to save the respective 5th percentile downlink or uplink SINR value.


Step 3:	Run corresponding link-level simulations for either NLOS or LOS channel conditions using the associated parameters in the Table 8-3 of this Report, to obtain success probability, which equals to (1-Pe), where Pe is the residual packet error ratio within maximum delay time as a function of SINR taking into account retransmission.


Step 4:	The proposal fulfils the reliability requirement if at the 5th percentile downlink or uplink SINR value of Step 2 and within the required delay, the success probability derived in Step 3 is larger than or equal to the required success probability. It is sufficient to fulfil the requirement in either downlink or uplink, using either NLOS or LOS channel conditions.








It is worth mentioning that in Step3, the whole transmission procedure of DL/UL should be taken into account, including both control and data channels, and in some case, maybe other scheduling related channels should also be considered, as they will impact both latency and reliability respectively. The detailed analysis and proposed method are provided in the next section.


[bookmark: _Toc26161292]Discussion


[bookmark: _Toc26161293]System-level simulations





The assumptions for the system-level simulations (SLS) are given in Table 1, as are the results for the two test-configurations A and B (4 GHz and 700 MHz respectively; detailed specifications of these test configurations can be found in [2]). 





For configuration A, the total gain (including antenna gain) is presented in Figure 1 for UMa channel models A and B. The resulting SINR at full load (cell utilization 1) is illustrated in Figure 2. The cell-edge (5th percentile) SINR is found to be 1.98 dB (on the DL) and 0.81 dB (on the UL) for channel model UMa A, and 1.98 dB (DL) and 1.77 dB (UL) for channel model UMa B as shown in Figure 3.





For configuration B, the total gain (including antenna gain) is given in Figure 4 for UMa models A and B. The resulting SINR at full load (cell utilization 1) is given in Figure 5. The cell-edge (5th percentile) SINR is found to be 0.16 dB (on the DL) and 0.83 dB (on the UL) for channel model UMa A and -0.06 dB (DL) and 0.65 dB (UL) for channel model UMa B as shown in Figure 6.





			Configuration Parameters


			URLLC configuration A


			URLLC configuration B





			Carrier frequency 


			4 GHz


			700 MHz





			Base station Antenna Height


			25 m


			25 m





			Inter-site distance


			500 m


			500 m





			Bandwidth


			20 MHz


			20 MHz





			Device deployment


			80% outdoor, 20% indoor


			80% outdoor, 20% indoor





			Number of UE antenna elements


			4


			4





			UE noise figure


			7


			7





			UE power


			23 dBm


			23 dBm





			Path loss model


			UMa A/B with SCM (for ZOD)


			UMa A/B with SCM (for ZOD)





			BS antenna VxH (vs x Hs x P)


			4 x8 (2x1x2)


			4 x4 (2x1x2)





			BS Transmit power


			49 dBm


			49 dBm





			BS noise figure


			5


			5





			Electrical down tilt


			9 degrees


			9 degrees





			Traffic model


			Full buffer


			Full buffer





			UL power control


			Alpha=1, P0=-106dBm


			Alpha=1, P0=-106dBm





			UL allocation


			5PRB (10UEs sharing 50PRBs)


			5PRB (10UEs sharing 50PRBs)











[bookmark: _Ref15648513]Table 1: Assumptions of the system-level simulations.
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[bookmark: _Ref15652729]Figure 1: Total gain for urLLC configuration A.
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[bookmark: _Ref15652769]Figure 2: SINR distribution for urLLC configuration A.
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[bookmark: _Ref15652828]Figure 3: SINR distribution at 5th percentile for urLLC configuration A.


Observation 1 [bookmark: _Toc510742722][bookmark: _Toc521700720]The cell-edge SINR for URLLC Conf. A is approximately 1.98 dB (DL) and 0.81 dB (UL) for channel model UMa A, and 1.93 dB (DL) and 1.77 dB (UL) for channel model UMa B. [bookmark: _Ref15653027]Figure 4: Total gain for urLLC configuration B.
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[bookmark: _Ref15653045]Figure 5: SINR distribution for urLLC configuration B.
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[bookmark: _Ref15653106]Figure 6: SINR distribution at 5th percentile for urLLC configuration B.





Observation 2 [bookmark: _Toc521700721]The cell-edge SINR for URLLC Conf. B is approximately 0.16 dB (DL) and 0.83 dB (UL) for channel model UMa A, and -0.06 dB (DL) and 0.65 dB (UL) for channel model UMa B.


[bookmark: _Toc26161294]Link-level simulations 


The assumptions on the link-level simulations (LLS) are given in Table 2. Two different datasets are used for data and control channels. For PDCCH, a DCI of size 40 bits, excluding CRC, is assumed. For PUCCH a 1-bit UCI is assumed, carried by PUCCH format 0 with 2os (symbols) duration and frequency hopping. 


The resulting BLER as a function of SNR for the control channels is shown in Figure 7, and for the data channels in Figure 8 and Figure 9. 








			Channel model


			TDL-C with 300ns delay spread





			Carrier


			700MHz





			Bandwidth


			20 MHz





			Subcarrier spacing


			30 kHz





			Antenna setting 


			2TX 2RX (data), 1TX 2RX (control)





			Tx diversity


			Rank 1 (TX diversity precoding based on CSI reports with 5 slots periodicity).





			Speed


			3km/h





			Channel estimation


			Practical:


· 4os mini-slot - 1os front-loaded DMRS type 2 


· 7os mini-slot - 2os front-loaded DMRS type 2





			Frequency allocation


			Frequency allocation type 1 (contiguous)





			Time allocation


			4os and 7os allocations type B





			PUCCH


			1 A/N bit, PUCCH format 0 with 2- symbol duration and frequency hopping between band edges





			PDCCH


			Polar codes, 40b payload excl. CRC. Distributed CCEs





			Data


			LDPC, BG2, 256b








[bookmark: _Ref15653441]Table 2: Assumptions on the link-level simulations.





[image: C:\Users\ezashmu\Documents\MATLAB\Main-ITU-self-eval-20171006\URLLC_ITU_Reliability\controlResult_MCS2_MCS5.png]


[bookmark: _Ref15654405]Figure 7: Sequence selection Short PUCCH and PDCCH BLER as function of SNR.
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[bookmark: _Ref15654422]Figure 8: 4OS-Data (1st attempt) LDPC BLER for QPSK with different MCS as function of SNR.





[image: ]


[bookmark: _Ref15654439]Figure 9: 7OS-Data (1st attempt) LDPC BLER for QPSK with different MCS as function of SNR.





[bookmark: _Toc26161295]Total reliability 


With some exceptions, the discussion here assumes that the retransmissions are uncorrelated, which is reasonable to assume if they are done on a different frequency allocation. In the following, the success probabilities are written on the channel level according to Table 3, and expressions found for the total success rate , where  is the residual error rate.





			Probability


			Description





			p0


			Success of SR detection





			p1


			Success of PDCCH transmission





			p2


			Success of PDSCH/PUSCH transmission





			p3


			Success of PUCCH NACK detection





			p4


			Success of PUCCH DTX detection








[bookmark: _Ref15654802]Table 3: Success probabilities for calculating total reliability


DL data, HARQ-based


On the DL, the total reliability can be described after N transmissions as:





where for any positive integer k,   is the probability of a data block being correctly received after exactly k transmissions are soft-combined. In this expression, the DL control transmissions are seen as uncorrelated with each other and with data. This is an approximation, but can be motivated by, for example, moving the DL control between attempts. The data attempts are correlated with each other.


UL data, configured grant


With configured grant-based UL scheduling instead, the SR step and the first DL control can be removed, and the total reliability can be described as:





Here the PDCCH reliability starts from the first retransmission, assuming perfect energy detection performance on the PUSCH resource.





[bookmark: _Toc26161296]Reliability estimate urLLC configuration B, UMa B


Accordingly, based on the above expressions for DL and UL data, while considering the link-level simulation results, the total reliability can be evaluated. By observation at the lower percentiles of the SINR distributions for urLLC configuration B, UMa B, the channel BLER can be found at the corresponding DL and UL SINR points. The total error rates for DL and UL data, respectively, can then be computed. 


The results are shown in Figure 10 through Figure 13. 


AL16 is assumed for PDCCH and 1% D2A level for PUCCH. On the UL, SPS is assumed with a configured resource every TTI. For both DL and UL, 1-3 transmission attempts (including HARQ retransmissions) are considered. The data transmissions are assumed to be correlated and are soft-combined. 


[image: ]


[bookmark: _Ref15656141]Figure 10: Total reliability for 4OS – DL data with 1-3 HARQ transmissions at lowest percentiles assuming correlated transmissions.





[image: ]


Figure 11: Total reliability for 7OS – DL data with 1-3 HARQ transmissions at lowest percentiles assuming correlated transmissions.
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Figure 12: Total reliability for 4OS UL data with 1-2 HARQ transmissions at lowest percentiles with SPS-based scheduling assuming correlated transmissions.
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[bookmark: _Ref15656146]Figure 13: Total reliability for 7OS UL data with 1-2 HARQ transmissions at lowest percentiles with SPS-based scheduling assuming correlated transmissions.





Observation 3 [bookmark: _Toc521670038][bookmark: _Toc521700722]With 1 transmission using MCS1, the reliability target of 10-5 error can be met on the DL and the UL with a configured grant.


[bookmark: _Toc26161297]Packet size 


The ITU requirement calls for a packet size of 32B fulfilling the latency and reliability targets. With QPSK modulation and a coding rate from MCS1 to MCS5, along with an overhead of one OFDM symbol, the required number of PRBs is given in Table 4. Here, the TBS is assumed to be exactly 32B and CRC is not considered. 


			#PRBs


			14-os TTI


			7-os TTI


			4-os TTI


			2-os TTI





			Code rate MCS1


			22


			46


			92


			274





			Code rate MCS2


			17


			37


			73


			219





			Code rate MCS3


			14


			29


			57


			171





			Code rate MCS4


			11


			24


			47


			141





			Code rate MCS5


			9


			19


			37


			111








[bookmark: _Ref15658817]Table 4: Required #PRBs for 32B packet and 1 OFDM symbol overhead, at different coding rates.





Observation 4 [bookmark: _Toc521670039][bookmark: _Toc521700723]With MCS1 and a 7-os mini-slot, 46 PRBs are required for a 32B packet.


[bookmark: _Toc26161298]Summary and conclusion


The following observations were made in this document.





1. The cell-edge SINR for urLLC configuration A is approximately 1.98 dB (DL) and 0.81 dB (UL) for channel model UMa A and 1.93 dB (DL) and 1.77 dB (UL) for channel model UMa B.


1. The cell-edge SINR for urLLC configuration B is approximately 0.16 dB (DL) and 0.83 dB (UL) for channel model UMa A and -0.06 dB (DL) and 0.65 dB (UL) for channel model UMa B.


1. With 1 transmission using MCS1, the reliability target of 10-5 error can be met on the DL and the UL (with a configured grant). 


1. With MCS1 and a 7-os mini-slot, 46 PRBs are required for a 32B packet.


Based on these observations, the candidate technology IMT-2020/14 (3GPP NR) meets the reliability requirements for IMT-2020.


[bookmark: _Toc26161299]References 
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