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Part I 

 

Name of the Evaluation Group:  5G India Forum (5GIF)

 

5G India Forum (5GIF) has been established under the aegis of the Cellular Operators Association of India (COAI), aiming to become the leading force in the development of next generation communications and will enable synergizing national efforts and will play a significant role in shaping the strategic, commercial and regulatory development of the 5G ecosystem in India.  

5GIF is one of the registered as Independent Evaluation Group (IEG) for contributing to IMT-2020 development of ITU-R through independent evaluation of the IMT-2020 candidate technologies. 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. 

While 5GIF had submitted its final report on EUHT in the original track of IMT-2020 evaluation, this interim report contains some reassessment by 5GIF based on further interaction with EUHT proponents under Option-2 process. The final report is based on further interactions and review of clarifications to be received from EUHT proponents, in next meeting.  

 

 

[bookmark: _Toc73371640][bookmark: _Toc73375268]Contact details: 

 

[bookmark: _Toc73371641]Vikram Tiwathia 

Deputy Director General, COAI 

Email: vtiwathia@coai.in   

Telephone: +91-11-2334-9275 

 

[bookmark: _Toc73371642][bookmark: _Toc73375269]Technical contact 

Email: imt2020@5gindiaforum.in  https://5gif.github.io   


  

 	 

Part II 

Technical Report 

 

While 5GIF had submitted its final report on EUHT in the original track of IMT-2020 evaluation, the current version is an interim report which contains the evaluation areas which are reviewed by 5GIF based on further interaction with EUHT proponents under Option-2 process. The final report based on further interactions and review of clarifications to be received from EUHT proponents, will be submitted in next meeting.  

[bookmark: _Toc73375270]A. Candidate technologies or portions Evaluated by IEG 

5GIF had carried out partial evaluation of select scenarios/test environments for EUHT [IMT-2020/18]. The original evaluation has been reviewed in the light of further interaction and clarifications received from the proponents and this is the interim report.

The 5GIF IEG utilized the ITU-R Guidelines for evaluation of radio interface technologies for IMT2020 provided in ITU-R Report M.2412. The evaluation has been conducted based on submission documentation under Step 3) of IMT-2020 process and also taking in to account the clarifications provided by the proponents.  

Summary table of the EUHT IMT-2020 candidate technology submission

		RIT/SRIT Proponent 

		Submission of Documents &  

Acknowledgement of Submission  

(IMT-2020/YYY) 

		Observations of SWG Evaluation 



		Nufront 

		Submissions IMT-2020/12 (Rev.1) 

received for proposals of candidate radio interface technologies from proponent ‘Nufront’ under step 3 of the IMT-2020 process 

		IMT-2020/27 (Rev.1) 

 

Observations of SWG Evaluation - IMT-2020 submission in Document 5D/1300 (Proponent Nufront) 



		

		Acknowledgement IMT-2020/18 (Rev.1) 

Acknowledgement of candidate RIT submission from Nufront under Step 3 of the IMT-2020 process 

		





  	

[bookmark: _Toc73375271]B. Confirmation of utilization of the ITU-R evaluation guidelines in Report ITU-R M.2412 

The 5GIF IEG confirms that it has evaluated the candidate technologies as well as evaluated the submissions from proponents based on the Reports ITU-R M.2410, ITU-R M.2411 and ITU-R M.2412. 

		Characteristic for evaluation 

		High-level assessment method 

		Evaluation methodology (M.2412) 

		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 





 

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

Not applicable. 

 

D. Verification as per Report ITU-R M.2411 of the compliance templates and the self-evaluation for each candidate technology as indicated in A).  

		Aspects 

		NuFront 



		1) 



2) 

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

Identify areas requiring clarifications; 

		Refer 	Sec. 1.3 

 



		3) 

		General Questions to Proponents 

		Questions were posted to the forum (Refer Annex J.3) 





 

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

		 Aspects 



		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;  



		Provide any additional comments in the templates along with supporting documentation for such comments; 



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





 

F. Questions and feedback to WP 5D and/or the proponents or other IEGs 

The reviewed document containing the clarifications and 5GIF responses thereto is uploaded to the IMT-2020 evaluation collaboration area.
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[bookmark: _Toc32012482][bookmark: _Toc32013607][bookmark: _Toc73375272][bookmark: _Toc30787167][bookmark: _Toc32009427]Verification of Compliance Templates of candidate Technologies

[bookmark: _Toc32012483][bookmark: _Toc32013608]In this chapter, we have reported our observations on the submissions of the candidate technologies at the end of step 3 of the IMT-2020 process. 

For the candidate technologies from NuFront (IMT-2020/18) we referred their revised submission approved in WP5D#34 meeting. 

This chapter verifies the following aspects like – gaps and deficiencies in the templates – link budget, characteristic and compliance templates as well as ambiguous parts of the submissions which needs sufficient clarifications from the proponents so as to independently evaluate the technology as per M.2412 recommendations. 

[bookmark: _Toc32013614][bookmark: _Toc73375273]Candidate technology - IMT-2020/18

Proponents: NuFront 

There is a certain level of inconsistency across various documents i.e. self-evaluation report, specifications and characteristic template. As a result, 5GIF is still uncertain on how to consider the clarifications provided by EUHT proponents given that there are differing details for certain technical aspects/parameters at different places in the submission documentation under Step 3) of the IMT-2020 process.

This interim report only captures the areas of evaluation which have reached a clarity after provision of clarifications by proponents till date. There the other areas which need more clarity from proponents side and to be correlated with the Step 3) documentation.



[bookmark: _Toc32009424][bookmark: _Toc32013617]Observations based on the specification of EUHT RIT as per the submission in IMT-2020/18 is as follows:

A) Channel Switching Information

Channel Switching Information Frame (Section 6.3.4.14 of EUHT Specification) is specified as follows:

· Contains a CAP/STA starting channel number. This field is 8 bits (0-255). 

· Table 21 (Section 6.3.4.14) of Specification states that channel number 3 for 2.4 GHz is supported and no other band support is mentioned as per the specification.

· Channel Identifier field can support 256 channels as per the specification (Section 6.3.4.19)

Observation: Only 256 channels in the 2.4 GHz band can be utilized. (Point C of Section 4.2) which is inconsistent with Self-Evaluation Report of EUHT.

B) Spatial Streams

· EUHT specification defines a spatial stream as a data stream that is spatially transmitted in parallel. A spatial-time stream is an encoded stream after space-time coding of the spatial stream. (Section 2.8 and 2.9 in EUHT Specification)

· EUHT provides support for upto four spatial streams (per codeword) with up to maximum support for 2 codewords and therefore upto eight spatial-time stream. The MCS support is only for spatial streams upto four. (Section 8.2.8 and Annex B in EUHT Specification) (Details have been requested from proponents on MCS aspects)

For more information refer Section 4.2

Observation: Only maximum four layers possible codeword which is inconsistent with the usage of eight layers in the Self-Evaluation Report of EUHT.

C) Working Bandwidth Mode

· EUHT Submission 5D/1300, provides a STA basic capability request frame which specifies the working bandwidth mode of the STA. A working bandwidth mode specifies a combination of  “working bandwidth” called as (working bandwith-1, working bandwith-2 and working bandwith-3) from which the STA can choose one mode. Based on this specification, the maximum available bandwidth for a transmission is in the mode number 4 “100 : 25/50/100”, i.e. 100 MHz in Normal Mode.

For more information refer Section 4.2

Observation: The maximum supported bandwidth in EUHT RIT is 100 MHz which contrasts with the mentioned support for 6400 MHz in the Self-Evaluation Report of EUHT.

D) Spectrum Aggregation Mode (Referring to Specification submitted in WP5D#32, See Attachment in Annex-J.1)

In the revised submission 5D/1300, included in WP5D#33, these text in the section of the specification was missing.

· As per the specification referred:

“In spectrum aggregation mode, the STA resides on working bandwidth 1. The CAP can independently schedule 20MHz sub-channels to transmit in parallel. A 20MHz STA can only be scheduled on one sub-channel in one frame for transmission; a working bandwidth 2 STA can schedule one or two sub-channels in one frame for transmission; a working bandwidth 3 STA can schedule one or 2 or 3 or 4 sub-channels in one frame for transmission.”

· 4 sub-channels aggregated to obtain an effective usage bandwidth equal to “working bandwidth mode”. 

· The information regarding SCS, system bandwidth available in spectrum aggregation mode (Table 69 in Section 8.11.2.1) is presented in Table 1‑1

· As per the latest available specification, the information provided above is missing in Section 8.11.

[bookmark: _Ref32415858]Table 1‑1 Spectrum aggregation mode (Section 8.11 of EUHT specification)

[image: ]

Providing an example of the working bandwidth mode, sub-channel and spectrum aggregation usage below:

If the supported working bandwidth mode is reported to be four (bit-pattern: 100) by the STA, the STA can choose one of the three working bandwidth from 25/50/100 MHz (refer Table 4A). If the STA chooses to use the working bandwidth-3 (100MHz), the CAP will make use of all the four sub-channel each of bandwidth equal to that of working bandwidth-1 (i.e. 25 MHz). 

		5GIF Observation:

a) Multiple bandwidth support is obtained by using four sub-channels where the possible sub-channel bandwidths are 5,10,15,20,25 MHz (Table 4A). (The CA / spectrum aggregation mode functionality support is under discussion with proponents) (Details have been requested from proponents)

b) Spectrum Aggregation Mode cannot be used in mmWave mode due to lack of support in specification for SCS=390.625 needed for mmWave (see Table 4C & Table 4B). (The CA / spectrum aggregation mode functionality support is under discussion with proponents) (Details have been requested from proponents)

c) Maximum System Bandwidth in Spectrum Aggregation mode is 80 MHz (Table 4B).

d) Maximum Bandwidth supported by STA is 100 MHz (Table 4A). 

e) There is also inconsistency regarding bandwidths mentioned as 200MHz, 400MHz but no specification to support by STA (UE) (Details have been requested from proponents)







[bookmark: _Toc73375274][bookmark: _Toc31467118]Assessment of candidate technology – EUHT (IMT-2020/18)



The remaining KPI’s are still under review and will be updated in next meeting subject to final conclusions derived from the clarifications to be provided by the proponents and agreements.



[bookmark: _Toc73375275]3.1 Compliance Templates

This section 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 EUHT specifications referred in the submission by the proponents in IMT2020/18. 

The compliance templates are based on ITU-R M.2411:

· 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 summary based on our evaluation is as below: 

[bookmark: _Toc73375276]3.1.1 Services 

(M.2411 - Compliance template for services 5.2.4.1)

		M.2411 Section

		Service capability requirements

		5GIF 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.

		

a) The proposal of EUHT component RIT does not support eMBB services. 

Spectral Efficiencies does not meet the minimum requirements.

b) The proposal of EUHT component RIT does not support URLLC services.

Reliability does not meet the minimum requirements.



		  





[bookmark: _Toc73375277]3.1.2	Spectrum 

(M.2411 - Compliance template for spectrum - 5.2.4.2)

		

		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.

5GIF Observations

Unable to determine from the EUHT specifications, the specification does not have any information on the IMT bands.

There is one reference to 2.4 GHz band in Table 21, Section 6.3. of the specification which is not an IMT band.



		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.



5GIF Observations

Unable to determine from the EUHT Specification, if both STA and CAP can communicate using the mmWave band 

For e.g. :  In the System Information Channel (SICH), the broadcast information (table 55 in Section 8.4.1) has bit patterns only for representing Subcarrier spacing of 19.53125 kHz, 39.0625kHz and 78.125kHz, whereas the table for numerology (Table 38) supports only 390.625kHz for mmWave mode. 





[image: ]
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[bookmark: _Toc73375278]3.1.3 Technical Performance

(M.2411 - Compliance template for technical performance from 5.2.4.3) Only the reviewed KPIs are captured in this table. Others under review.

		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?

		5GIF Comments




		

		Usage scenario

		Test environment

		Downlink or uplink

		

		

		

		



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

		eMBB

		Not applicable

		Downlink

		20







		< 4.35542.177Gbps

		[NO]

		(Details have been requested from proponents on spectrum aggregation/carrier aggregation layer 3 signalling and maximum aggregation capability)



		

		

		

		Uplink

		10

		< 4.35542.177 Gbps

		[NO]

		



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

		eMBB

		Not applicable

		Downlink

		30

		< 21.7743.554

(for short CP)

		





NOYES





		



		

		

		

		Uplink

		15

		-

		-

		





		(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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[bookmark: _Toc73375279]3.2 	Detailed Technical Evaluation

EUHT RIT provides terminologies, procedures and definitions as part of specification. Some of which have been summarised below.

A. UE (as defined in 3GPP NR) - STA (station). 

B. BS or eNodeB (as defined in 3GPP) - CAP (Central Access Point) 

C. According to the EUHT specification a Channel Switching Information Frame (Section 6.3.4.14 of EUHT Specification) is provided:

a. Contains a CAP/STA starting channel number. This field is 8 bits (0-255). 

b. Table 21 (Section 6.3.4.14) of Specification states that channel number 3 for 2.4 GHz is supported and no other band support is mentioned as per the specification.

c. Channel Identifier field can support 256 channels as per the specification (Section 6.3.4.19)

D. We could not find information (e.g., ARFCN number or channel raster) on the supported band for EUHT in their specification. For example, we have TS 38.104 which lists all the operational bands of the 3GPP candidate.

E. Spatial Streams

a. EUHT specification defines a spatial stream as a data stream that is spatially transmitted in parallel. A spatial-time stream is an encoded stream after space-time coding of the spatial stream (Section 2.8 and 2.9 in EUHT Specification)

b. EUHT provides support for upto four spatial streams per codeword and upto eight spatial-time stream. The MCS support is only for spatial streams upto four. More clarification is requested from proponents to arrive at firm position on MCS (Section 8.2.8 and Annex B in EUHT Specification)

c. A spatial stream is equivalent to a layer (3GPP NR). Maximum four layers are available in EUHT and have been considered in the evaluation of Peak Spectral Efficiency and Peak Data Rate. 

d. A unique feature available in EUHT which is not available in other candidate technologies is its support of different MCS for different streams and the mapping.



[image: ]

Figure 4.1 Different MCS stream as per specification (8.2.5)

F. Working Bandwidth Mode

a. EUHT Submission 5D/1300, provides a STA basic capability request frame which specifies the working bandwidth mode of the STA as given below in Table 4-1. A working bandwidth mode specifies a combination of “working bandwidth” called as (working bandwith-1, working bandwith-2 and working bandwith-3) from which the STA can choose one mode. Based on this specification, the maximum available bandwidth for a transmission is in the mode number 4 “100: 25/50/100”, i.e. 100 MHz in normal mode.



Table 4‑1 STA support working bandwidth mode

		Working Bandwidth Mode (Bit Representation)

		Bandwidths available (MHz)



		000

		5/10/20



		001

		10/20/40



		010

		15/30/60



		011

		20/40/80



		100

		25/50/100



		Note: If working bandwidth mode is 000, the possible working bandwidths supported by STA are 5/10/20MHz

(Section 6.3.4.4 of Specification)







G. Sub-Channel

a. EUHT specification provides multiple bandwidth support by aggregating sub-channels. Each sub-channel is equivalent of carrier component (3GPP NR) which has a bandwidth equal to working bandwidth-1

b. As per the specification 

“The EUHT system uses working bandwidth-1 as the basic channel bandwidth, and supports working bandwidth-2 and working bandwidth-3 continuous or discontinuous bandwidths by spectrum aggregation”



[image: ]

Figure 4.2 Multi-carrier and multichannel working mode of EUHT

· Spectrum Aggregation Mode (Referring to Specification submitted in WP5D#32, See Attachment in Annex-J.1)

In the revised submission 5D/1300, included in WP5D#33, these text in the section of the specification was missing. (Details have been requested from proponents on layer-3 signalling for implementation and maximum aggregation capability)



c. As per the specification referred:

“In spectrum aggregation mode, the STA resides on working bandwidth 1. The CAP can independently schedule 20MHz subchannels to transmit in parallel. A 20MHz STA can only be scheduled on one subchannel in one frame for transmission; a working bandwidth 2 STA can schedule one or two sub-channels in one frame for transmission; an working bandwidth 3 STA can schedule one or 2 or 3 or 4 sub-channels in one frame for transmission.”

d. 4 sub-channels aggregated to obtain an effective usage bandwidth equal to “working bandwidth mode”. 

e. The information regarding SCS, system bandwidth available in spectrum aggregation mode (Table 69 in Section 8.11.2.1) is presented in Table 1‑1

f. As per the latest available specification, the information provided above is missing in Section 8.11.



Table 4‑2 Spectrum aggregation mode (Section 8.11 of EUHT specification)

[image: ]

Providing an example of the working bandwidth mode, sub-channel and spectrum aggregation usage below:

If the supported working bandwidth mode is reported to be four (bit-pattern :100) by the STA, the STA can choose one of the three working bandwidth from 25/50/100 MHz (refer Table 4A). If the STA chooses to use the working bandwidth-3 (100MHz), the CAP will make use of all the four sub-channel each of bandwidth equal to that of working bandwidth-1(i.e. 25 MHz). 

		5GIF Observation:  This is under review, and under discussion with the proponents

a) Multiple bandwidth support is obtained by using four sub-channels where the possible sub-channel bandwidths are 5,10,15,20,25 MHz (Table 4A).

b) Only 256 channels in the 2.4 GHz band can be utilized. (Point C of Section 4.2)

c) Spectrum Aggregation Mode cannot be used in mmWave mode due to lack of support in specification for SCS=390.625 needed for mmWave (see Table 4C & Table 4B).

d) Maximum System Bandwidth in Spectrum Aggregation mode is 80 MHz (Table 4B).

e) Maximum Bandwidth supported by STA is 100 MHz in normal mode (Table 4A). (Details of spectrum aggregation mode or CA have been requested from proponents)

f) There is also inconsistency regarding bandwidths mentioned as 200MHz, 400MHz but no specification to support by STA (UE).  (Details have been requested from proponents)







Working Modes

The EUHT transmission is TDD with frame numerology corresponding to three working modes: normal mode, low-error mode and mmWave mode. Both normal mode and low-error mode are used for sub 6GHz band, in which the low-error mode is used to achieve high reliability. mmWave mode is referred to millimetre wave band (above 24GHz, etc.). 



Table 4‑3 Working Modes

		Working Mode

		SCS supported (kHz)

		Cyclic Prefix Supported(μs)



		Normal Mode

		78.125

		Short /Normal CP



		Low-Error Mode

		78.125

		Normal CP



		mmWave Mode

		390.625

		Short/Normal CP



		Spectrum Aggregation Mode

		78.125

		Short CP



		Note: 19.53, 39.0625 kHz SCS are optional for Normal and Low-Error Mode.

		





Frame Structure

As per the information provided in the Description template and the EUHT specifications, EUHT transmits multiple physical layer frames, each frame has multiple OFDM symbols. The frame is self-contained for broadcast, downlink, uplink control channels and data among those symbols. As per the specification variable symbol durations are supported that depends on sub-carrier spacing, bandwidth and guard interval. Smallest allocation of one-symbol is possible, which also will be accompanied with other UL/DL Control channels and preambles.

[image: ]

Figure 4.3 EUHT Frame Structure

EUHT specifications and Description template mention that the frame length can be dynamically adjusted within the allowable range (0.1-14ms).The specification does not account for the methodology used for dynamic frame length adjustment and CAP time synchronisation which is an essential component for the use of  variable frame length without which frame length cannot be adjusted.



EUHT candidate self-evaluation report and simulation use only 78.125kHz SCS. The numerology for the same is provided in the Table 4-4:

		Table 4‑4 Numerology

		Parameter

		78.125 kHz



		System bandwidth Supported  (MHz)

		5/10/15/20/25/30/40/50/60/80/100



		Cyclic Prefix(μs)

		1.6 (Short CP), 3.2 (Normal CP)



		OFDM symbol period(μs)

		14.4 (Short CP), 16 (Normal CP)







EUHT specification mentions support for BPSK, QPSK, 16-QAM, 64-QAM, 256-QAM, 1024-QAM but it has been observed that the STA can mention support for only upto 256-QAM in the STA Basic Capability Request Frame (Table 7 in Section 6.3.4.4).

 

Comparison of EUHT with similar technologies

5GIF also observed a few similarities with IEEE 802.11ax – 

(802.11ax is a standard meant for < 6GHz) which are shown in the Table 4-5– 



					Table 4‑5 Similarities

		Parameter

		Similarity



		Subcarrier Spacing of

		78.125 kHz[footnoteRef:1] [1: 1 	K. Chen, D. Deng and S. Lien and J. Lee. On Quality-of-Service Provisioning in IEEE 802.11ax   WLANs. IEEE Access,6086-6104.] 




		OFDM Symbol duration (GI + Duration)

		(14.4uSec + 16uSec)1



		FEC – BCC & LDPC 

		LDPC[footnoteRef:2] [2: 2 	Hoefel, R. P. F. (2018, July). IEEE 802.11 ax: On Performance of Multi-Antenna Technologies with LDPC Codes. In 2018 IEEE Seventh International Conference on Communications and Electronics (ICCE) (pp. 159-164). IEEE.
] 




		Max MIMO Layers (Spatial Time Streams) [footnoteRef:3] [3: 3 	Hoefel, R. P. F. IEEE 802.11 ax: On Time Synchronization in Asynchronous OFDM Uplink Multi-User MIMO Physical Layer.] 


		8



		Sub-channel / spectrum aggregation [footnoteRef:4] [4: 4 	Deng, Der-Jiunn and Chen, Kwang-Cheng and Cheng, Rung-Shiang.IEEE 802.11 ax: Next generation wireless local area networks.10Th international conference on heterogeneous networking for quality, reliability, security and robustness. Publisher IEEE.] 


		sub-channels



		RU Size 

		16 Subcarrier into one RU
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Requirements



		Performance Measure

		ITU Requirements



		Peak Spectral Efficiency

		DL: 30 bps/Hz

UL: 15 bps/Hz







Section 4.2 of ITU-R M.2410 states that these values were defined assuming an antenna configuration to enable eight spatial layers (streams) in the downlink and four spatial layers (streams) in the uplink. Proponents must demonstrate that the peak spectral efficiency requirement can be met for, at least, one of the carrier frequencies assumed in the test environments under the eMBB usage scenario.



Evaluation Methodology

Refer to section 7.2.1 of M.2412

Results

The EUHT candidate supports different channel bandwidth for normal mode and mmWave mode as given in the Table 4F and 4G. The below given formula is used to calculate Peak Spectral Efficiency (SEpeak ) for a specific component carrier





                                                                   (1)

 wherein	

· Rmax  is the maximum code rate of LDPC

· 

For the i-th CC,  is the maximum number of layers 

· 

 is the maximum modulation order

· 

is the Frame length 

· 



 is the duration of Downlink/Uplink in a frame (type)

· 







 is the number of subcarriers allocation in bandwidth  with Frame length, where  is the STA supported maximum bandwidth in the given band or band combination

·  is the overhead calculated as the average ratio of the number of OFDMs or subcarriers occupied by L1/L2 control, synchronization signal, sounding signal, demodulation reference signal and guard period, etc. 

· For guard period (GP), 50% of GP symbols are considered as downlink overhead, and 50% of GP symbols are considered as uplink overhead.

· rDL - ratio of DL to total symbols.  

Using the tables 35-39 from the specifications, the number of subcarriers for a given supported Bandwidth (Nsd) for the possible Subcarrier Spacing (SCS) have been provided in the Table 4-6 and Table 4-7.

Table 4‑6 Normal Mode (Sub-6GHz band)

		SCS (kHz)

		5

MHz

		10

MHz

		15

MHz

		20

MHz

		25

MHz

		30

MHz

		40

MHz

		50

MHz

		60

MHz

		80 MHz

		100 MHz



		

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD



		19.53125

		224

		448

		672

		896

		1120

		1344

		1792

		2240

		N/A

		N/A

		N/A



		39.0625

		112

		224

		336

		448

		560

		672

		896

		1120

		1344

		1792

		2240



		78.125

		56

		112

		168

		224

		280

		336

		448

		560

		672

		896

		1120





Table 4‑7 mmWave band

		SCS [kHz]

		50 MHz

		100 MHz



		

		NSD

		NSD



		390.625

		112

		224



		NOTE: As per Section 6.3.4.4 Table 7 of specification, maximum bandwidth supported by STA is 100MHz

















Downlink

The number of layers considered as per SER are eight and six for normal mode and mmWave mode but there is a maximum support of only four spatial streams which is equivalent to the number of layers (Refer to section 4.2 – Spatial streams). Depending on the parameters as defined in Table 4-8 the calculated DL SEpeak is given Table 4-10.

Table 4‑8 Technical Parameters used for DL (rDL = 0.5, DL: UL=1:1)

		Parameter

		Value

		Remark



		

		Normal mode

		mmWave mode

		



		VLayer  (see Note)

		4 per CW

Max 8 layers

		4 per CW

Max 6 layers

		







From SP

(Details have been requested from proponents on spectrum aggregation mode including layer 3 signalling and maximum aggregated bandwidth support)



		Qm  (256 QAM)

		8

		8

		



		Rmax

		0.875

		0.875

		



		

(ms),  (Frame Duration)

		2

		20

		



		



		224

		224

		



		

(MHz)

		20100

		100400

		



		SCS (kHz)

		78.125

		390.625

		



		Note: There is only 256-QAM STA capability from table 7, section 6.3.4.4 of the SPEC

The number of layers is considered as per the section 4.2 – Spatial streams.

DT= Description Template, SP = Specification, SER- Self. Eval. Report in 5D/1300







The SEpeak considers symbol duration time as per equation (1), in the SER of EUHT the symbol duration considered is with Short CP. Here we consider both Short and Normal CP in the symbol time given in Table 4I for SEpeak calculations as given in the EUHT Specification (Section 8.2)

Table 4‑9 Cyclic Prefix values

		

		Short Cyclic Prefix

		Normal Cyclic Prefix



		

(us)

		Normal mode

		14.4

		16



		

		mmWave mode

		2.88

		3.2









Table 4‑10 Peak Spectral Efficiency DL

		Parameter

		Formula

		Value



		

		

		Normal mode

		mmWave mode



		Peak Spectral Efficiency, SEpeak

(without OH)

		Normal CP

		

		19.6 for single CW

39.2 for 8 layers 2 CW transmission



		19.6 for single CW

29.4 for 6 layers 2 CW





		

		Short CP

		

		21.777 for single CW, 43.554 for 8 layers 2 CW21.777



		21.777 for single CW, 32.6655 for 6 layers 2 CW21.777









Uplink

The number of layers considered as per SER are eight and four for normal mode and mmWave mode but there is a maximum support of only four spatial streams which is equivalent to the number of layers (Refer to section 4.2 – Spatial streams). Depending on the parameters as defined in Table 4-11 the calculated UL SEpeak is given in Table 4-12.

Table 4‑11 Technical Parameters used for UL (ruL = 0.5, DL:UL=1:1)

		Parameter

		Value

		Remark



		

		Normal mode

		mmWave mode

		



		VLayer   (see Note)

		4 per CW

		4 per CW 

Max 6 layers

		







From SP

(Details have been requested from proponents on spectrum aggregation mode including layer 3 signalling and maximum aggregated bandwidth support)







		Qm  (256 QAM)

		8

		8

		



		Rmax

		0.875

		0.875

		



		

(ms), (Frame Duration)

		2

		20

		



		



		224

		224

		



		

(MHz)

		20

		100

		



		SCS (kHz)

		78.125

		390.625

		



		Note: Table 7 of section 6.3.4.4 in the EUHT specification shows the support of only 256 QAM for STA.

The number of layers are considered as per the section 4.2 – Spatial streams.

DT= Description Template, SP = Specification, SER- Self. Eval. Report in 5D/1300







Table 4‑12 Peak Spectral Efficiency UL

		Parameter

		Formula

		Value



		

		

		Normal mode

		mmWave mode



		Peak Spectral Efficiency, SEpeak

(without OH)

		Normal CP

		

		19.6 for single CW

39.2 for 8 layers 2 CW transmission



		19.6 for single CW

29.4 for 6 layers 2 CW transmission







		

		Short CP

		

		21.777 for single CW, 43.554 for 8 layers 2 CW



		21.777 for single CW, 32.6655 for 6 layers 2 CW





		Max % of OH to meet requirement

		Normal CP

		15=SEp × (1-UL_OHmax)



UL_OHmax = 1-15/( SEp)

		23.46%

		23.46%



		

		Short CP

		

		31.11%

		31.11%







DL OH margin – As depicted in the (Frame structure), each frame has uplink and downlink OFDM symbols. During the portion of downlink transmission, the data channel DL-SCH is time multiplexed. As per the M.2412, the peak spectral efficiency should account for the OH duration. To meet the target requirement of peak spectral efficiency, the OH symbols will be limited by the minimum Peak Spectral Efficiency requirements.

Table 4‑13 Maximum Downlink OH%

		Parameter

		CP type

		Normal mode

		mmWave mode



		Max % of DL_OH to meet requirement

		Normal CP

		Does not meet the requirement 



		

		Short CP

		







UL OH margin – As depicted in the Figure 4-3 (Frame structure), each frame has uplink and downlink OFDM symbols. During the portion of uplink transmission, the data channel UL-SCH is time multiplexed. As per the M.2412, the peak spectral efficiency should account for the OH duration. To meet the target requirement of peak spectral efficiency, the OH symbols will be limited by the minimum Peak Spectral Efficiency requirements.

Table 4‑14 Maximum Uplink OH%

		Parameter

		CP type

		Normal mode

		mmWave mode



		Max % of UL_OH to meet requirement

		Normal CP

		23.46%

		23.46%



		

		Short CP

		31.11%

		31.11%







Summary 

		Performance Measure

		ITU Requirements

		Comments



		Peak Spectral Efficiency

		DL: 30 bps/Hz
UL: 15 bps/Hz

		The evaluation was performed for idea zero OH Peak Spectral Efficiency due to gaps in the OH calculations.

The SEpeak values were calculated for both normal and short CP where the requirements was not met in case of DL (FR1, mmWave mode) and UL (FR1, mmW) with normal CP.

The maximum overhead percentages were calculated for both DL and UL.







		5GIF Observations (Under review and discussion with proponents)

1) To meet the SEpeak requirements the overhead requirements need to be within limits – 23.46% in case of UL normal mode, 31.1% in UL NFR2.

2) It does not meet the DL Spectral Efficiency value in NFR2 even without overhead.

3) The SEpeak is independent of any bandwidth configuration as listed in Table 4F and 4G. The DL and UL SEpeak is also limited by the supported modulation index of the STA which is 256-QAM as given in Specification.

4 ) The control channel is Time Duplexed and would span the entire symbol duration , even if length of control channel is less than number of data subcarrier,  before any downlink or uplink transmission in a frame

5) As per the IMT-2020/27, observation regarding inconsistency of  Downlink & Uplink Guard interval (GI) in specification with the Self-evaluation was noted. 

5GIF found that the referred bit pattern by proponent “b63b62...b57 in table 55” does not address the inconsistency. 

H. As per the specifications, the bit b63b62...b57 in table 55 only indicates the start of the OFDM symbol for DGI and UGI. 

I. 5GIF found that the number of symbols for DGI and UGI are still 2symbols for each GI and should be used this for OH calculation.







3.2.1.2 Peak data rate

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







NOTE: Peak Data Rate = Aggregated Bandwidth × SEpeak  



Peak Data Rate is the maximum achievable data rate under ideal conditions.

For Peak Data Rate the maximum possible bandwidth for each band is provided in table 4O:



Table 4O Maximum Bandwidth

		

		Normal mode 

		mmWave mode 



		Maximum Bandwidth supported (MHz)

		100

		100400





		Note: Refer to section 4.2 – Working Bandwidth Mode and Spectrum Aggregation Mode.







Maximum Bandwidth available to schedule to single user is limited by STA capability. (See Table 7 section 6.3.4.4 from EUHT specification)



Table 4-15 shows peak data rate values calculated for maximum bandwidth of 100 MHz (for both Normal mode and 400 MHz for mmWave mode (to be confirmed with proponents). (Details have been requested from proponents on spectrum aggregation mode including layer 3 signalling and maximum aggregated bandwidth support)



Table 4‑15 Peak Data Rate for low CP case

		Parameter

		Formula

		ITU Requirement

		Value



		

		

		

		Normal Mode

		mmWave Mode



		Peak Data Rate (Gbps)



		Downlink

		Maximum Bandwidth×SEpeak  

		20

		2.1777

43.554x100 = 4.3554



		2.177732.6655x400 = 13.066







		

		Uplink

		

		10

		2.177743.554x100 = 4.3554



		2.1777

32.6655x400 = 13.066



		Note: The SEpeak values are calculated with zero OH considerations.







From Table 4-15, the peak data rate values for normal mode and mmWave mode do not meet the minimum ITU-R requirements. (Details have been requested from proponents on layer 3 signalling details for spectrum aggregation mode and maximum aggregated bandwidth in FR1 and FR2) (will be reviewed as per future conclusions accordingly)



		5GIF Observation (subject to further review with proponents)

a) The maximum bandwidth possible is limited to 100 MHz in normal and mmWave mode as per specifications for working bandwidth modes

b) Carrier Aggregation can be done only with a SCS of 78.125 kHz to get a maximum aggregated bandwidth 80 MHz by using sub-channels. This mechanism is used in normal mode to get the supported working bandwidth. 

c) If the specifications enabled STA to support working bandwidth mode for 400 MHz, the peak data rate values would still be 8.708Gbps for both downlink and uplink, which still do NOT meet the minimum ITU-R requirements.
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Bandwidth is the maximum aggregated system bandwidth. The bandwidth may be supported by single or multiple radio frequency (RF) carriers. 

Requirements



		Performance Measure

		ITU Requirements



		

		Normal mode

		mmWave mode



		Bandwidth

		100 MHz

		1 GHz







Evaluation Methodology

Refer to Section 7.3.1 of ITU-R M.2412

 

Result 

It has been observed that EUHT does not support carrier aggregation and bandwidths greater than 100MHz (Refer to section 4.2- Spectrum Aggregation Mode)



Table 4‑19 Bandwidth

		SCS [kHz]

(Frequency range)

		Maximum bandwidth for one component carrier (MHz)

		Maximum number of component carriers for carrier aggregation

		Maximum aggregated bandwidth (MHz)

		Minimum Requirement as per ITU-R M.2410-0

		Requirement Met ? 



		78.125

(Normal mode, <6GHz)

		100

		1

		100

		100MHz

		YES



		390.625

(mmWave mode, > 24GHz)

		100

		1

		100

		> 1GHz

		NO

STA does not support more than 100 MHz bandwidth and carrier aggregation

(from section 4.2 -spectrum aggregation mode) – This is still under discussion.







		5GIF Observations (Details have been requested from proponents on layer-3 signalling for spectrum aggregation and maximum supported bandwidth in FR1 and FR2)

Due to lack of specification for carrier aggregation and STA bandwidth support in mmWave mode, EUHT does not meet the ITU-R bandwidth requirements of upto 1 GHz aggregated bandwidth.
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Table 69 Spectrum aggregation mode

System bandwidth 20MHz | 40MHz 80MHz
Subcarrier interval in frequency domain  78.125KHz |  78.125KHz 78.125 KHz
Baseband sampling clock 20MHz | 40MHz 80MHz
Nufront (Beiling) Technology Group Co., Ltd. 135
i %
NUFRONT
FFT sample points 256 512 1024
Cyclic Prefix sample points 32 64 128
Number of data subcarriers 224 448 896
Number of phase tracking pilot subcarriers 6 12 24
Number of virtual subcarriers 2 52 104
FFT time window 12.8us 12.8ps 12.8ps
Cyclic Prefix 1.6us 1.6us 1.6ps
OFDM symbol period 14.4ps 14.4ps 14.4ps
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Figure 77 Example of stream mapping
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