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PART I
Administrative aspects of the Independent Evaluation Group
1 Name of the Independent Evaluation Group
IMT-2020 Evaluation Group, the Fifth Generation Mobile Communications Promotion Forum (5GMF IEG)
2	Introduction and background of the Independent Evaluation Group
The Fifth Generation Mobile Communications Promotion Forum (5GMF) was founded in September 2014. 5GMF has been conducting research & development concerning 5G Communications Systems including the standardization thereof, along with liaison & coordination with related organizations, the collection of information, and the dissemination & enlightenment activities. In September 2017, 5GMF IMT-2020 Evaluation Group (5GMF IEG) was established under the Technical Committee of the 5GMF and registered as an Independent Evaluation Group (IEG) committing in the process of IMT-2020 evaluation.
5GMF IEG reviewed the proposed RIT by Nufront and provided its  evaluation report. The report was captured in Document IMT-2020/48 in Step 7 of the IMT-2020 development process in February 2020.
In October 2020, 5GMF IEG received a liaison statement from WP5D which invited IEGs to re‑engage in Step 4 evaluation that was granted by WP5D as an exceptional extension of the IMT‑2020 evaluation process (Att. 7.4 of Doc. 5D/360). 5GMF decided to re-engage the process and started its re-evaluation exercises taking into account the useful materials informed in Annex 3 of the liaison statement mentioned above.
3	Method of Work
The evaluation method in this report is in line with what are suggested in Report ITU-R M.2412 that are inspection, analysis and simulation.
4	Administrative Contact Details
	Mr. OHMURA, Yoshinori (Secretary General of 5GMF)
	y-ohmura@arib.or.jp 
5	Technical Contact Details
	Mr. NAKAMURA, Takaharu (Principal Engineer, FUJITSU LIMITED)
	n.takaharu@fujitsu.com 
	Mr. TAKETSUGU, Masanori (Senior Manager, NEC Corporation)
	m-taketsugu@nec.com 
6	Other pertinent administrative information
None.
PART II
Technical aspects of the work of the Independent Evaluation Group
A) Evaluated candidate technologies for IMT-2020
This report is a final evaluation report on EUHT, as an RIT, the candidate technology submission in Document IMT-2020/18(Rev.1).
B) Utilization of ITU-R evaluation guidelines
This final evaluation report contains evaluation performed in accord within Report ITU‑R M.2412‑0.
C) Documentation of any additional evaluation methodologies
There are no additional evaluation methodologies developed to complement the evaluation guidelines in Report ITU-R M.2412-0.
D) Verification as per Report ITU-R M.2411 of the compliance templates
1	Gaps/deficiencies in submitted material and/or self-evaluation
Several gaps or deficiencies in E) have been identified in submitted material and its corresponding self‑evaluation. In the evaluation captured in E) and Annex A, an MMSE algorithm of the best performance among many types of MMSE Receivers, such as MMSE‑IRC, is applied as per technical information given by the proponent.
1.1	EUHT control channel in normal mode for eMBB evaluation
5GMF Evaluation Group raised the questions about control channel performance for eMBB evaluation in Evaluation Group Discussion Area, and Nufront responded as follows.

	5GMF question on April 8, 2021
In the self-evaluation report of IMT-2020/18(Rev.1), is reliability of the control channel considered for the eMBB evaluation (e.g. 5th percentile user spectral efficiency)?

Nufront Response on April 14, 2021
“The reliability of control channel is also considered in the eMBB evaluation, as required in the M 2412 document.”

5GMF additional question on April 26, 2021
Thank you very much for your answer and there is an additional question. Could you elaborate how the reliability of control channel is considered in eMBB system-level simulation? Could you provide the performance curve of control channel in the normal mode from the link-level simulation?

Nufront Response on April 28, 2021
The reliability of CCH in system-level simulations considered as follows,
1. The received SINR of each sub-carrier in CCH is obtained based on the generated channels and receiver detection algorithm.
2. The effective SINR is computed by EESM, MIESM or other mapping algorithms.
3. BLER value of CCH is estimated by looking up the AWGN BLER curve of the corresponding MCS (shown in next slide).
4. Determine if the current CCH is success fully decoded or not based on the BLER value.
5. If the CCH is correctly decoded, start processing TCH.
6. If the CCH decoding is determined to be failed, the relative TCH will be considered as erroneous.
The performance curve of control channel in the normal mode from the link level simulation is shown as below: 
[image: ]




After 5GMF Evaluation Group constructs control channel performance into system-level simulation considering the above proponent’s response and CCH curvediscussion above, 5GMF Evaluation Group observes that EUHT technology does not meet the average/5th percentile spectral efficiency requirement of IMT-2020 in Indoor Hotspot-eMBB, average/5th percentile spectral efficiency requirement of IMT-2020 in Dense Urban-eMBB at least for UL, and 5th percentile spectral efficiency requirement of IMT-2020 in Rural-eMBB, according to the results from all sources.
5GMF Evaluation Group observation includes:
· CCH in the normal mode has no repetition and only 1/2 coding rate according to the EUHT specification (see below). Consequently, there is nolacks of transmission mechanism to achieve high reliability for CCH in the normal mode. 
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· CCH transmission has little MIMO beam forming gain for the normal and low-error mode. The CRS (long preamble) is used for channel estimation of the common channel as SICH and CCHs for all STAs. Then CRS transmission has little MIMO beam forming gain, since it should ensure all STAs to decode the broadcasting cell system information and the broadcasting control information successfully. Hence, CCH transmission is difficult to perform MIMO beam forming.
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Figure 1.1-1
The CRS (long preamble) transmission for guaranteeing all STAs to 
decode common broadcasting signal successfully
[image: Diagram
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5GMF Evaluation Group observes that the success rate of receiving TCH is obviously degraded after constructing CCH curve that the Nufront provided into one of the simulators. 
Considering the above analysis and results, 5GMF Evaluation Group concludes that CCH performance would degrade the spectral efficiency. It is one of reasons that EUHT technology do not meet average/5th percentile spectral efficiency requirement.
1.2	EUHT dynamic switching of normal/low-error modes for eMBB evaluation
5GMF Evaluation Group raised the questions about dynamic switching of the normal/low-error modes for eMBB evaluation in Evaluation Group Discussion Area, and Nufront responded as follows.
	5GMF question on April 8, 2021
In the self-evaluation report of IMT-2020/18(Rev.1), is only the normal mode utilized or both of the normal mode and low-error mode are utilized for the eMBB evaluation (e.g. 5th percentile user spectral efficiency)?
Nufront Response on April 14, 2021
“Both the normal mode and low-error mode are utilized for the eMBB evaluation. The mode selection is implemented in the scheduler.”
5GMF additional question on April 26, 2021
Thank you very much for your answer and there is an additional question. Could you elaborate a general strategy to mix those two modes in your self-evaluation and scheduler? How the normal mode or low-error mode is selected for each user and its status? How each user is informed with a selected mode respectively?
Nufront Response on April 28, 2021
The normal mode or low error mode is selected due to CAP scheduling and link adaptation algorithm CAP scheduler selects an appropriate MCS for a specific user according to CQI/SINR/MCS and ACK/NACK feedback information For example, if the feedback SINR increases, CAP can improve the MCS level If CAP doesn’t receive ACK/NACK, it can decrease the MCS level of the STA When the MCS in the normal mode.
The STA detects normal mode or low error mode by short preamble, which is 9 identical 32 point sequences in normal mode and 7 identical 255 point sequences in low error mode The two sequences are totally different sequences (Please refer to EUHT specification For example, cross/auto correlations (or other operations) can be implemented to distinguish the normal mode from low error mode.



After 5GMF Evaluation Group constructs dynamic switching function into system-level simulation considering the discussion above, 5GMF Evaluation Group observes that EUHT technology does not meet the average/5th percentile spectral efficiency requirement of IMT-2020 in Indoor Hotspot-eMBB, average/5th percentile spectral efficiency requirement of IMT-2020 in Dense Urban-eMBB at least for UL, and 5th percentile spectral efficiency requirement of IMT-2020 in Rural-eMBB, according to the results from all sources. 
5GMF Evaluation Group observation includes:
A. Spectral efficiency of low-error mode is too low for eMBB.
	TCH transmission in low-error mode has no-MIMO, only QPSK, small codeword and so on, . according to the section 8.4 of EUHT specification (see below). 
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B. Mode selection depends on s-preamble detection probability. 
S-preamble is used to select the normal mode/low-error mode, according to the Nufront response on April 28 which is “The STA detects normal mode or low-error mode by short preamble, which is 9 identical 32 point sequences in normal mode and 7 identical 255 point sequences in low error mode. The two sequences are totally different sequences (Please refer to EUHT specification For example, cross/auto correlations (or other operations) can be implemented to distinguish the normal mode from low error mode.”
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	S-preamble in the low-error mode is only one and identical sequence among all the low-error mode cells, according to the EUHT specification above. 
	When neighbor cells are in the low-error mode and a serving cell is in the normal mode, the signal energy of s-preamble in the low-error mode from neighbor cells is much stronger than serving cell. The main reason is the sequence design of s-preamble in the low-error mode. It leads cell edge users STAs can’t detect the normal s-preamble in serving cell, as below results in our evaluation. 

The s-preamble detection evaluation for cell edge users in eMBB
	
	Serving cell in low-error mode;
Neighbor cells in normal mode
	Serving cell in normal mode;
Neighbor cells in low-error mode

	Mode detection success probability of cell edge users in serving cell
	100%
	0



	5GMF Evaluation Group did not consider the error probability of preamble detection in its eMBB evaluation yet. However, even if the ideal mode selection is adopted, it is concluded form the simulation results that the EUHT technology still does not meet the average/5th percentile spectral efficiency requirement of IMT-2020 in Indoor Hotspot-eMBB, average/5th percentile spectral efficiency requirement of IMT-2020 in Dense Urban-eMBB at least for UL, and 5th percentile spectral efficiency requirements of IMT-2020 in Rural-eMBB, according to the results from all sources.
C. Neither normal nor low-error mode is good for eMBB. 
	S-preamble is used for the mode selection, and is a cell-level common signal. Then, the mode switching is per cell, not per user. If the s-preamble is changed between “normal mode” and “low error mode”, all users STAs in this cell have to come into the corresponding mode for receiving CRS (long preamble), SICH and CCH. Hence, a cell is in one mode in one frame.
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	For usage of the mixture mode usage in EUHT technology, 5GMF Evaluation Group observes the followings, even without considering the impact of part B above (“Mode selection depends on s-preamble detection probability”): 
a) When a cell is in low-error mode, the spectral efficiency in the frame(s) will be too low, considering the analysis in part A above and the characteristics of low-error mode summarised in the table below.
b) When a cell is in normal mode, there is no repetition and low coding rate. Therefore, the operation point of normal mode is high, leading to low transmission reliability for low geometry users, especially for Dense Urban and Rural test environments.

	
	Normal mode
	Low-error mode

	SICH
	BPSK 1/2, 
No repetition
	integrated into CCH

	CCH
	QPSK 4/7, 
No repetition
	Support frequency 
and time domain rep

	TCH
	Modulation
	BPSK, QPSK, 16QAM, 64QAM, 256QAM, 1024QAM
	QPSK

	
	Code rate
	1/2, 3/4, 5/8, 5/6, 7/8 
	1/2, 4/7

	
	Code length 
	448, 1344, 2688, 5376
	448

	
	Repetition
	No repetition
	Support frequency 
and time domain rep

	MIMO
	MU-MIMO
	Support up to 8 layers
	Not support

	
	Stream number 
	1~8
	1

	
	Code word number
	Up to 2
	1


Considering the above analysis and results, 5GMF Evaluation Group concludes that dynamic switching function has little benefit and would degrade the average spectral efficiency performance. It is one of reasons that EUHT technology does not meet the average/5th percentile spectral efficiency requirement.
1.3	EUHT CA for eMBB evaluation
5GMF Evaluation Group raised the questions about spectrum aggregation mode in Evaluation Group Discussion Area, and Nufront responded as follows.

	5GMF question on Feb 3, 2021
1. Spectrum aggregation mode
It is not clear to us how the Spectrum aggregation mode can be established since there seems to be lack of details in the specification (Attachment 5.4 to 5D/222: Specification of the Nufront RIT radio interface technology). Could the proponent provide more information for the Spectrum aggregation mode, e.g. elaborating signalling required for this mode?

         Nufront Response on Feb 19, 2021





The sentences and figures below are almost all information which were provided in the EUHT specifications for CA. They are “stage2 of IMT-2020 technology submission” description on “what”, and there is lack of “stage 3 of IMT-2020 technology submission” details on “How to implement”.  The essential description for CA function is not provided in the EUHT specification.
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Furthermore, 5GMF Evaluation Group observes two issues for CA in EUHT technology:
A. Less of interoperability between CAP and STA in spectrum aggregation mode.
	First, each CC have its own operation respectively, according to Nufront response below.
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	STA decides the factually connected CC by the carrier signal quality in the frequency of these CCs itself. After the aggregation mode response frame that only includes starting frequency of carriers in aggregation is received by STA, the STA would detect and try to decide access which carriers are in the frequency to be used for CA. Then, the STA could independently connect multiple CCs, which are from one or multiple cells, based on the EUHT specification. 
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	Besides, CAP did not know what and how many CCs currently well detected and decided in the STA side. EUHT specification lacks carrier confirmation mechanism. CAP does not know which carriers are well connected by STA, since the STA does the process in each frequency of these CCs respectively. Therefore, there is misunderstanding for factual connected carrier information between STA and CAP, based on the EUHT CA process. 
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	Furthermore, the data transmission on multiple CCs would occur reception issues, when some connected CCs that are unknown by CAP. For example, if a data packet that is from the upper of EUHT MAC layer as core network, is divided onto CCs that belongs to multiple cells, the cells do not know how the data packet is processed and partial data packets in other cells. In this case, the receiver only decides that they are separate packets since the data can no longer be identified as part of the packet. SoSo, the application of receiver cannot combine the data on these multiple CCs together. 
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B. Handover in spectrum aggregation mode is not supported well.
	According to section 7.19.2 “Handover management” in the EUHT specification, the handover is based on the one RSSI of the current cell. 
	Then, in spectrum aggregation CA case, there are many RSSIs of the working channel in multiple CCs. In other words, there are one STA in spectrum aggregation mode could achieve many RSSIs in CAP-S and many RSSIs in CAP-D during CA handover process. Since the EUHT specification has no clear handover criterion to handle with the situation in spectrum aggregation CA mode, it is difficult to decide handover for an STA which is in spectrum aggregation mode. 

[image: Table

Description automatically generated]

Based on the above analysis, 5GMF Evaluation Group concludes that EUHT technology cannot support spectrum aggregation mode well. 5GMF Evaluation Group assumes that EUHT technology does not meet the minimum requirements of IMT-2020 for user experience data rate, area traffic capacity and bandwidth because it does not support spectrum aggregation well.
1.4	EUHT polluted RS in low-error mode for URLLC evaluation
Based on EUHT specification, CRS (long preamble) CRS is used for channel estimation. However, the CRS in the low-error mode consists of only one unique sequence, which  without any identificationis the same sequence among all the low-error mode cells.
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According to Report ITU-R M.2412, there are 19*3 cells in Urban Macro-URLLC test environment. All the STAs should will be evaluated in the URLLC evaluation assumptions, so all of these STAs have the URLLC traffic with at least 99.999% success probability in 1 ms.
Based on the EUHT self-evaluation report, the repetition number of TCH transmission in Urban Macro-URLLC test environment assumes 12 in DL and 8 in UL. Only TCH in low-error mode can support repetition scheme of TCH, according the section 1.2 above. Therefore, EUHT technology should use low-error mode in the entire Macro-URLLC test environment for reliability evaluation.
As the analysis in part B of section 1.2, a cell is in one mode in one frame.
Therefore, all the cells in Urban Macro-URLLC test environment within EUHT technology evaluation would be in the low-error mode.
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Based on the above analysis, it could be assumed that:
1: 	the CRS (long preamble) in the low-error mode is one the unique same sequence without any identificationamong all the low-error mode cells
2: 	all the cells in EUHT technology evaluation would be in the low-error mode with frame alignment, avoiding for misaligned frame interference.
Consequently, it can be confirmed that all the cells send the same CRS at the same time. 

A. CCH under polluted CRS
As described in the section 1.1 above, CRS is used for channel estimation of CCH. 
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Then, the CRS transmission has goes through different propagation channel environment from CCH transmission. 
a. The propagation channel environment of CRS transmission: H_ serving cell + 
b. The propagation channel environment of CCH transmission: only H_ serving cell
As below figure, fFor the serving cell 01, the CRS (used as reference signal to decode CCH) in the low-error mode would be polluted by the same CRS signals of neighboring cell 2, cell 3 and cell 4s. . Since the CRS is the same sequence among all cells, the CRS interference of neighboring cells can’t be removed in the receiver side. The polluted CRS transmission would bring let the STA do wrong channel estimation results. , and then iIt will lead to degrade CCH performance in URLLC evaluation. 
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Figure 1.4-1
The CRS pollution degrades the CCH performance in downlink URLLC reliability evaluation
[image: Diagram, schematic

Description automatically generated]

Considering the above analysis, 5GMF Evaluation Group concludes that CCH performance in URLLC evaluation is degraded by polluted CRS. And it is one of reasons that EUHT technology does not meet reliability requirement of IMT-2020 in Urban Macro-URLLC test environment.
B. DL TCH under polluted CRS
5GMF Evaluation Group assumes 12 repetition in DL-TCH transmission for the evaluation of downlink reliability in Urban Macro-URLLC test environment, which is aligned with the self-evaluation report. Hence, both self-evaluation report and 5GMF evaluation report use Full RU OFDMA scheme in DL, since Single RU OFDMA scheme supports up to 4 time-domain repetition only.
According to the section 8.5.3 (“Traffic channel demodulation reference signal”) in the EUHT specification below, in case of full RU OFDMA scheme, CRS (long preamble (CRS) is used for channel estimation of DL-TCH and CCH.  Therefore, DL-TCH transmission will encounter the same polluted RS issue with CCH in case of Full RU OFDMA scheme.
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Figure 1.4-2
The CRS pollution degrades the performance of DL-TCH and CCH in downlink URLLC reliability evaluation
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Considering the above analysis, 5GMF Evaluation Group concludes that DL TCH performance in URLLC evaluation is degraded by polluted CRS. And it is one of reasons that EUHT technology does not meet reliability requirement of IMT-2020 for DL in Urban Macro-URLLC test environment.
C. UL TCH under polluted RS
5GMF Evaluation Group assumes 8 repetition in UL-TCH transmission for the evaluation of uplink reliability in Urban Macro-URLLC test environment, which is aligned with self-evaluation report. Hence, both self-evaluation report and 5GMF evaluation report use Full RU OFDMA scheme in UL, since Single RU OFDMA scheme supports up to 4 time-domain repetition only.
According to the section 8.5.3 (“Traffic channel demodulation reference signal”) in EUHT specification, in case of full Full RU OFDMA scheme, uplink RS is the same sequence with CRS and there is no time-domain RS indication in low-error mode CCH. Hence, uplink RS is in the same default position and same sequence for all the URLLC cells.
Based on the above analysis, it could be assumed that:
1: 	the uplink RS in the low-error mode is the same sequence among all the low-error mode cells
2: 	the uplink of all the cells in uplink EUHT technology evaluation would be with frame alignment in the low-error mode, avoiding for misaligned frame interference.
Consequently, it can be confirmed that all the STAs send the same uplink RS at the same time in all cells.
Figure 1.4-3
The uplink RS pollution degrades the UL-TCH performance in uplink URLLC reliability evaluation
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Since the uplink RS is the same sequence among all STAs in all the cells, the uplink RS interference of neighboring cells can’t be removed in the receiver side. So, UL-TCH transmission will encounter the same polluted uplink RS issue, which is similar  with CCH in case of Full RU OFDMA scheme.
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Considering the above analysis, 5GMF Evaluation Group concludes that UL TCH performance in URLLC evaluation is degraded by polluted uplink RS. And it is one of reasons that EUHT technology does not meet reliability requirement of IMT-2020 for UL in Urban Macro-URLLC test environment.
1.5	Scheduling algorithm in CAP for evaluation of the spectral efficiency
During the 38th WP 5D meeting June 2021, the proponent suggested that PF (Proportional Fair) should be used to evaluate especially 5th percentile user spectral efficiency in Source 3, in which the 5th percentile user spectral efficiency in uplink under Rural-eMBB test environment does not meet the requirement while the average spectral efficiency does with a certain margin (refer to “Nufront response to 5GMF on PF scheduling_20210614” in IMT-2020 Evaluation Groups discussion area).


Considering the Nufront’s observations, Source 3 evaluated EUHT technology again by using PF scheduling for the spectral efficiency in Rural-eMBB test environment. In the new evaluation, the average spectral efficiency is 3.99 bps/MHz and 5th percentile user spectral efficiency is 0.0247 bps/Hz for uplink under the Rural-eMBB test environment. It should be noted that the “Inter-site interference” in uplink is considered according to ITU-R Report M.2412 for the new evaluation of Source 3. Consequently 5th percentile user spectral efficiency in the new evaluation is lower than the previous evaluation, although PF scheduling is used.
5GMF observes that there was no change of the conclusion regarding 5th percentile user spectral efficiency even if PF scheduling is used due to the following possible reasons;
· If the scheduler allocated more resources to STAs at cell edge, the inter-site interference would increase correspondingly for those user terminals. Hence, the inter-site interference would decrease the performance of the cell-edge user terminals.
· The performance of control channel and/or data channel in EUHT technology would be obviously deteriorated by low SINR. So, the low SINR of STAs at cell edge would decrease the 5th percentile user spectrum efficiency.
2	Areas requiring clarifications
2.1	EUHT Mobility interruption time for eMBB and URLLC evaluation
The EUHT specification is lack of essential function for mobility. The section 7.19.23 (Lossless Handover) including signal flows is all information available in the specification. There is no detailed definition of any involved signalling, process, and CN entity. 
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In the table below, we analyzed the EUHT specification for essential elements to achieve 0ms mobility interruption. Definitions and specifications of these signaling(messages), interfaces and entity are essential for 0ms mobility interruption time. The “No” means that the definition hasn’t been described in the EUHT specification.

[bookmark: _Hlk72696323]The analysis of the EUHT essential elements for 0ms mobility interruption time
	
	Signaling, interface, or entity
	Usage
	EUHT GCS includes or not

	1
	Core Network entity
	Essential entity for mobility
	No

	2
	Interface between CAP and CN
	Exchange data via specific data format and handover usage message
	No

	3
	CAP Handover request message between CAP-S and CAP-D
	CAP initiates the handover procedure between CAPs
	No, only includes STA handover request frame

	4
	CAP Handover response message between CAP-S and CAP-D
	CAP responses message between CAPs
	No

	5
	Interface between CAP-S and CAP-D
	Exchange data via specific data format and handover usage message
	No

	6
	Path update message
	CAP notifies the path of the change to CN
	No

	7
	Path release message
	CN notifies the path of the release to CAP
	No



Considering the analysis and table above, it is observed that the EUHT specification is not mature enough to define exchange of user information and update of path, without definition of essential messages, interfaces. and CN entity.
5GMF Evaluation Group views that it is not possible to conclude that EUHT technology meets mobility interruption time requirement of IMT-2020 for eMBB and URLLC.
2.2	EUHT Inter-system Handover
5GMF Evaluation Group raised the questions about inter-system handover in Evaluation Group Discussion Area, and Nufront responded as follows.

	5GMF question on Feb 3, 2021
1. Inter-System handover
According to “RIT/SRIT description template” in ITU-R Report M.2411-0, it is required to describe procedure and mechanism of Inter-System handover with other IMT system (section 5.2.3.2.5.1). Looking into the EUHT specification (Attachment 5.4 to 5D/222), it tells “EUHT system can support interwork with other wireless communication systems by using dual-mode terminal” (section 5.1.6.19.3). Could the proponent provide more information for mechanisms of Inter-System handover considering the system aspects? 
         Nufront Response on Feb 19, 2021




According to “RIT/SRIT description template” in Report ITU-R M.2411, the proponent is required to describe the intersystem handover with at least one other IMT system. 
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The only answer from EUHT specs is “by using dual-mode terminal”, there is not any clue about the signaling and mechanism of intersystem measurement, handover etc.   
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· Based on above analysis, further clarification for Inter-system Handover is required by the EUHT proponent.
3	General questions
No specific questions that should be clarified were identified.
3.1	Clarifications of the evaluation report 
During the 38th WP 5D meeting, there were questions and comments on 5GMF evaluation report from the proponent.  


5GMF provided replies to each question and comment in the attached file below.


Those documents are also found in IMT-2020 Evaluation Groups discussion area.

E) Assessment as per Report ITU-R M.2410, ITU-R M.2411 and ITU-R M.2412
1	Provision of compliance template for services (Section 5.2.4.1 of Report ITU-R M.2411-0)
	
	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.(1)
	As provided in chapter 6 of this evaluation report, Nufront RIT has no ability to support the usage scenarios of eMBB and URLLC.

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





[bookmark: _Hlk73009183]2	Provision of compliance template for spectrum (Section 5.2.4.2 of Report ITU-R M.2411-0)
	
	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.

	
	As shown in Annex A-1, the following frequency bands are supported by EUHT RIT, which contains certain frequency bands identified for IMT in the ITU Radio Regulations (Edition 2016).

EUHT operating bands in Sub-6GHz bands
	Uplink (UL) and Downlink (DL)
operating band
	Duplex Mode

	450 - 470 MHz
	TDD

	470 - 698 MHz
	TDD

	694/698 - 960 MHz
	TDD

	1427 - 1518 MHz
	TDD

	1710 - 2025 MHz
	TDD

	2110 - 2200 MHz
	TDD

	2300 - 2400 MHz
	TDD

	2500 - 2690 MHz
	TDD

	3300 - 3400 MHz
	TDD

	3400 - 3600 MHz
	TDD

	3600 - 3700 MHz
	TDD

	4800 - 4990 MHz
	TDD




	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.

	
	As shown in the table below, frequency bands above 24.25GHz are supported by EUHT RIT.

EUHT operating bands in mmWave bands
	Uplink (UL) and Downlink (DL)
operating band
	Duplex Mode

	26500 MHz – 29500 MHz
	TDD

	24250 MHz – 27500 MHz
	TDD

	37000 MHz – 40000 MHz
	TDD

	27500 MHz – 28350 MHz
	TDD
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3	Provision of compliance template for technical performance (Section 5.2.4.3 of Report ITU-R M.2411-0)

	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
	
	
	Not assessed

	
	
	
	Uplink
	10
	
	
	

	5.2.4.3.2
Peak spectral efficiency (bit/s/Hz)
(4.2)
	eMBB
	Not applicable
	Downlink
	30
	
	
	Not assessed

	
	
	
	Uplink
	15
	
	
	

	5.2.4.3.3
User experienced data rate (Mbit/s)
(4.3)
	eMBB
	Dense Urban – eMBB
	Downlink
	100
	Not assessed
0.27~18.93
		Yes
	No
	For evaluation configuration A and B, Channel model A/B.

	
	
	
	Uplink
	50
	Not assessed
0.0~5.05
		Yes
	No
	

	5.2.4.3.4
5th percentile user spectral efficiency (bit/s/Hz)
(4.4)
	eMBB
	Indoor Hotspot – eMBB
	Downlink
	0.3
	0.03~0.24
0.03~0.24 (*)
		Yes
	No
	For evaluation configuration of 4 GHz. Channel model A/B, 12/36 TRxP
* Re-evaluation results are within the range of the original evaluation.

	
	
	
	Uplink
	0.21
	0.08~0.18
0.08~0.18 (*)
		Yes
	No
	

	
	
	
	Downlink
	0.3
	0.01~0.06
		Yes
	No
	For evaluation configuration of 30 GHz. Channel model A/B, 12/36 TRxP


	
	
	
	Uplink
	0.21
	0.05~0.10
		Yes
	No
	

	
	eMBB
	Dense Urban – eMBB
	Downlink
	0.225
	0.22~0.292
0.0905~0.284
		Yes
	No
(Inconclusive)
	For evaluation configuration of 4 GHz, Channel model A/B.


	
	
	
	Uplink
	0.15
	0.08~0.1
0.08~0.202
		Yes
	No
(Inconclusive)
	

	
	
	
	Downlink
	0.225
	0.001
		Yes
	No
	For evaluation configuration of 30 GHz, Channel model A/B.


	
	
	
	Uplink
	0.15
	0
		Yes
	No
	

	
	eMBB
	Rural – eMBB
	Downlink
	0.12
	Not evaluated
	
	For evaluation configuration of 700 MHz, Channel model A/B.

	
	
	
	Uplink
	0.045
	Not evaluated
0.04~0.04
		Yes
	No
	

	
	
	
	Downlink
	0.12
	Not evaluated
	
	For evaluation configuration of 4 GHz, Channel model A/B.

	
	
	
	Uplink
	0.045
	0.002~0.017
0.002~0.024737
		Yes
	No
	

	5.2.4.3.5
Average spectral efficiency (bit/s/Hz/ TRxP)
(4.5)
	eMBB
	Indoor Hotspot – eMBB
	Downlink
	9 
	4.93~7.35
4.93~7.35 (*)
		Yes
	No
	For evaluation configuration of 4 GHz. Channel model A/B, 12/36 TRxP
* Re-evaluation results are within the range of the original evaluation.

	
	
	
	Uplink
	6.75 
	2.71~4.09
2.71~4.09 (*)
		Yes
	No
	

	
	
	
	Downlink
	9 
	4.77~5.42
		Yes
	No
	For evaluation configuration of 30 GHz. Channel model A/B, 12/36 TRxP


	
	
	
	Uplink
	6.75 
	2.48~3.61
		Yes
	No
	

	
	eMBB
	Dense Urban – eMBB
	Downlink
	7.8 
	7.412~7.74
6.4255~8.08
		Yes
	No
(Inconclusive)
	For evaluation configuration of 4 GHz, Channel model A/B.


	
	
	
	Uplink
	5.4 
	3.58~3.73
3.58~4.42
		Yes
	No
	

	
	
	
	Downlink
	7.8 
	5.53
		Yes
	No
	For evaluation configuration of 30 GHz, Channel model A/B.


	
	
	
	Uplink
	5.4 
	1.7
		Yes
	No
	

	
	eMBB
	Rural – eMBB
	Downlink
	3.3 
	Not evaluated
	
	For evaluation configuration of 700 MHz, Channel model A/B.

	
	
	
	Uplink
	1.6
	Not evaluated
3.14~3.16
		Yes
	No
	

	
	
	
	Downlink
	3.3
	Not evaluated
	
	For evaluation configuration of 4 GHz, Channel model A/B.

	
	
	
	Uplink
	1.6 
	3.26~3.60
2.67~3.994.43
		Yes
	No
	

	5.2.4.3.6
Area traffic capacity (Mbit/s/m2)
(4.6)
	eMBB
	Indoor-Hotspot – eMBB
	Downlink
	10
	Not assessed
0.98~7.63
		Yes
	No
	

	5.2.4.3.7
User plane latency
(ms)
(4.7.1)
	eMBB
	Not applicable
	Uplink and Downlink
	4
	
	
	Not assessed

	
	URLLC
	Not applicable
	Uplink and Downlink
	1
	
	
	Not assessed

	5.2.4.3.8
Control plane latency (ms)
(4.7.2)
	eMBB
	Not applicable
	Not applicable 
	20
	
	
	Not assessed

	
	URLLC
	Not applicable
	Not applicable
	20
	
	
	Not assessed

	5.2.4.3.9
Connection density (devices/km2)
(4.8)
	mMTC
	Urban Macro – mMTC
	Uplink
	1 000 000 
	

	

	Not assessed


	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
	
	
	Not assessed

	5.2.4.3.11
Reliability
(4.10)
	URLLC
	Urban Macro –URLLC
	Uplink

	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
	0.24%
0.68%~92.37%
		Yes
	No
	For evaluation configuration A (4 GHz), Channel model A.


	
	
	
	Downlink 
	
	99.531%
49.11%~99.5431%
		Yes
	No
	For evaluation configuration A (4 GHz), Channel model A.


	5.2.4.3.12
Mobility classes
(4.11)
	eMBB
	Indoor Hotspot – eMBB
	Uplink

	Stationary, Pedestrian
	
	
	Not assessed

	
	eMBB
	Dense Urban – eMBB
	Uplink

	Stationary, Pedestrian,
Vehicular (up to 30 km/h)
	
	
	Not assessed

	
	eMBB
	Rural – eMBB
	Uplink

	Pedestrian, Vehicular, High speed vehicular
	
	
	Not assessed

	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)
	
	
	Not assessed

	
	
	
	
	
	
	
	Not assessed

	
	eMBB
	Dense Urban – eMBB
	Uplink
	1.12 (30 km/h)
	
	
	Not assessed

	
	
	
	
	
	
	
	Not assessed

	
	eMBB
	Rural – eMBB
	Uplink
	0.8 (120 km/h)
	
	
	Not assessed

	
	
	
	
	0.45 (500 km/h)
	
	
	

	
	
	
	
	0.8 (120 km/h)
	
	
	Not assessed

	
	
	
	
	0.45 (500 km/h)
	
	
	Not assessed

	5.2.4.3.14
Mobility interruption time (ms) 
(4.12)
	eMBB and URLLC
	Not applicable
	Not applicable
	0
	
	Inconclusive
	Not assessedRefer to the conclusion in “EUHT Mobility interruption time for eMBB and URLLC evaluation” (PART II (D) section 2.1 in this evaluation report)

	5.2.4.3.15
Bandwidth and Scalability
(4.13)
	Not applicable
	Not applicable
	Not applicable
	At least 100 MHz
	
	
	Not assessed

	
	
	
	
	Up to 1 GHz
	
		Yes
	No
	Not assessedRefer to the conclusion in “EUHT CA for eMBB evaluation” (PART II (D) section 1.3 in this evaluation report)

	
	
	
	
	Support of multiple different bandwidth values(4)
	
	
	Not assessed

	(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.

	Under-lined part: Evaluation results in the extended IMT-2020 evaluation process.
Strikethrough part: Evaluation results in the original Step 4 that was replaced by the updated results in the extended IMT-2020 evaluation process.
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Part III
Conclusion
The followings are the evaluation summary for a RIT for IMT-2020 candidate technology in Document IMT-2020/18(Rev.1).
1	Summary the Final Evaluation Report
1.1	Use of information in Report ITU-R M.2412
Does Independent Evaluation Group confirm use of Report ITU-R M.2412 in their work?
 Yes	 No
1.2	Provision of compliance templates
Provision of compliance template for services (section 5.2.4.1 of Report ITU-R M.2411)
 Yes	 No
Provision of compliance template for technical performance (section 5.2.4.3 of Report ITU-R M.2411)
 Yes	 No
1.3	Summary of conclusions of the evaluation report
Does the Evaluation Report indicate that the candidate technology meet minimum service and spectrum requirements?
Service requirements:	 Yes	 No
Spectrum requirements:  Yes	 No
Which test environments have been considered in the evaluation report? What is outcome of the evaluation?

	Test environment
	Does the evaluation report indicate that the minimum technical performance requirements are met in the test environment?

	 Indoor Hotspot – eMBB
	 Yes	 No

	 Dense Urban – eMBB
	 Yes	 No

	 Rural – eMBB
	 Yes	 No

	Urban Macro – mMTC
	 Yes	 No

	 Urban Macro – URLLC
	 Yes	 No



1.4	Additional evaluation methodologies and assumptions
Have any additional evaluation methodologies or assumptions that had not been included in the Report ITU-R M.2412 been used in evaluation?
 Yes	 No
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Annex A

Evaluation Results
A-1	Frequency bands identified for IMT
A-1.1 	450-6 000 MHz
As can be seen in Table A.1-1, the llowing frequency bands are supported by NR RIT, which either contains, or part of, or overlaps certain frequency bands identified for IMT in the ITU Radio Regulations (Edition 2016).
TABLE A.1-1 
Frequency bands of EUHT RIT (in Sub-6GHz) and IMT bands related articles in Radio Regulations
	Uplink (UL) and Downlink (DL) operating band
	Duplex Mode
	
	IMT related articles (notes) in Radio Regulations*

	450 - 470 MHz
	TDD
	
	460-890 MHz:
5.295 (470-608 MHz, or portions thereof)
5.296A (470-698 MHz, or portions thereof, and 610-698 MHz, or portions thereof)
5.308A (614-698 MHz)
5.313A (698-790 MHz)
5.317A (698-960 MHz in Region 2, 694-790 MHz in Region 1 and 790-960 MHz in Regions 1 and 3)

	470 - 698 MHz
	TDD
	
	

	694/698 - 960 MHz
	TDD
	
	

	1427 - 1518 MHz
	TDD
	
	1 300-1 525 MHz:
5.341A (1 427-1 452 MHz and 1 492-1 518 MHz in Region 1)
5.341B (1 427-1 518 MHz in Region 2)
5.341C (1 427-1 452 MHz and 1 492-1 518 MHz in Region 3
5.346 (1 452-1 492 MHz)
5.346A (1 452-1 492 MHz)

	1710 - 2025 MHz
	TDD
	
	1 710-2 170 MHz:
5.384A (1 710-1 885 MHz, 2 300-2 400 MHz and 2 500-2 690 MHz)
5.388 (1 885-2 025 MHz and 2 110-2 200 MHz)
5.388A (1 885-1 980 MHz, 2 010-2 025 MHz and 2 110-2 170 MHz in Regions 1 and 3 and, 1 885-1 980 MHz and 2 110-2 160 MHz in Region 2)

	2110 - 2200 MHz
	TDD
	
	

	2300 - 2400 MHz
	TDD
	
	

	2500 - 2690 MHz
	TDD
	
	

	3300 - 3400 MHz
	TDD
	
	2 700-3 600 MHz:
5.429B (3 300-3 400 MHz), 5.429D (3 300-3 400 MHz), 5.429F (3 300-3 400 MHz), 5.430A (3 400-3 600 MHz), 5.431B (3 400-3 600 MHz), 5.432A (3 400-3 500 MHz), 5.432B (3 400-3 500 MHz), 5.433A (3 500-3 600 MHz)
3 600-4 800 MHz:
5.434 (3 600-3 700 MHz)
4 800-5 250 MHz:
5.441A (4 800-4 900 MHz)
5.441B (4 800-4 990 MHz)

	3400 - 3600 MHz
	TDD
	
	

	3600 - 3700 MHz
	TDD
	
	

	4800 - 4990 MHz
	TDD
	
	

	
	
	
	*Excerpted from Radio Regulations Article 1 (Edition of 2016)



A-2	User experienced data rate
Simulation results of User experienced data rate can be found in an Excel file in Table A-1.
A-3	5th percentile user spectral efficiency
Simulation results of 5th percentile user spectral efficiency can be found in an Excel file in Table A-1.
A-4	Average spectral efficiency
Simulation results of Average spectral efficiency can be found in an Excel file in Table A-1.
A-5	Area traffic capacity
Simulation results of Area traffic capacity can be found in an Excel file in Table A-1.
A-6	Reliability
Simulation results of Reliability can be found in an Excel file in Table A-1.

[bookmark: _Hlk73009477]TABLE A-1 
Simulation items and Excel files capturing the results
	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
	Note
	Simulation results (in Excel files)

	
	Usage scenario
	Test environment
	Downlink or uplink
	
	Source 1
	Source 2
	Source 3
	Source 4
	
	

	5.2.4.3.3
User experienced data rate (Mbit/s)
(4.3)
	eMBB
	Dense Urban – eMBB
	Downlink
	100
	0.27~16.67
	18.93
	17.33
	3.33~6.00
	
	UserExperienceDateRate - 04 eMBB- v01-rev1.xlsx

	
	
	
	Uplink
	50
	0.00~3.33
	3.00
	5.05
	-
	
	

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

	Indoor Hotspot – eMBB
	Downlink
	0.3
	0.03~0.24
	0.237
	0.101
	-
	4 GHz. Channel model A/B, 12/36 TRxP
	SpectralEfficiency - 01 InH-eMBB-v02_.xlsx

	
	
	
	Uplink
	0.21
	0.08~0.18
	0.173
	0.106
	-
	
	

	
	
	
	Downlink
	0.3
	0.01~0.06
	-
	-
	-
	30 GHz. Channel model A/B, 12/36 TRxP
	

	
	
	
	Uplink
	0.21
	0.05~0.10
	-
	-
	-
	
	

	
	eMBB
	Dense Urban – eMBB
	Downlink
	0.225
	0.22~0.25
	0.284
	0.231
	0.05~0.09
	4 GHz, Channel model A/B
	SpectralEfficiency - 02 DenseUrban-eMBB-v03.xlsx

	
	
	
	Uplink
	0.15
	0.08~0.1
	0.088
	0.202
	-
	
	

	
	
	
	Downlink
	0.225
	0.001
	-
	-
	-
	30 GHz, Channel model A/B
	

	
	
	
	Uplink
	0.15
	0
	-
	-
	-
	
	

	
	eMBB
	Rural – eMBB
	Downlink
	0.12
	-
	-
	-
	-
	700 MHz. Channel model A/B
	SpectralEfficiency - 03 Rural-eMBB-v032.xlsx

	
	
	
	Uplink
	0.045
	-
	-
	-
	0.04~0.04
	
	

	
	
	
	Downlink
	0.12
	-
	-
	
	
	4 GHz. Channel model A/B
	

	
	
	
	Uplink
	0.045
	0.002~0.017
	-
	0.024737 (Note)
	0.002
	
	

	5.2.4.3.5
Average spectral efficiency (bit/s/Hz/ TRxP)
(4.5)
	eMBB
	Indoor Hotspot – eMBB
	Downlink
	9 
	4.93~7.35
	7.344
	5.56
	-
	4 GHz. Channel model A/B, 12/36 TRxP
	SpectralEfficiency - 01 InH-eMBB-v02.xlsx

	
	
	
	Uplink
	6.75 
	2.71~3.98
	4.09
	2.34
	-
	
	

	
	
	
	Downlink
	9 
	4.77~5.42
	-
	-
	-
	30 GHz. Channel model A/B, 12/36 TRxP
	

	
	
	
	Uplink
	6.75 
	2.48~3.61
	-
	-
	-
	
	

	
	eMBB
	Dense Urban – eMBB
	Downlink
	7.8 
	7.68~7.74
	7.411
	8.08
	6.42~6.55
	4 GHz. Channel model A/B
	SpectralEfficiency - 02 DenseUrban-eMBB-v03.xlsx

	
	
	
	Uplink
	5.4 
	3.58~3.71
	3.623
	4.42
	-
	
	

	
	
	
	Downlink
	7.8 
	5.53
	-
	-
	-
	30 GHz. Channel model A/B
	

	
	
	
	Uplink
	5.4 
	1.70
	-
	-
	-
	
	

	
	eMBB
	Rural – eMBB
	Downlink
	3.3 
	-
	-
	-
	-
	700 MHz. Channel model A/B
	SpectralEfficiency - 03 Rural-eMBB-v032.xlsx

	
	
	
	Uplink
	1.6 
	-
	-
	-
	3.14~3.16
	
	

	
	
	
	Downlink
	3.3 
	-
	-
	-
	-
	4 GHz. Channel model A/B
	

	
	
	
	Uplink
	1.6 
	3.26~3.60
	-
	3.994.43 (Note)
	2.67
	
	

	5.2.4.3.6
Area traffic capacity (Mbit/s/m2)
(4.6)
	eMBB
	Indoor-Hotspot – eMBB
	Downlink
	10
	0.98~7.63
	0.98
	2.50
	-
	
	AreaTrafficCapacity - 05 eMBB.- v01-rev1

	5.2.4.3.9
Connection density (devices/km2)
(4.8)
	mMTC
	Urban Macro – mMTC
	Uplink
	1 000 000 
	-
	-
	
	
	
	

	
	
	
	
	
	-
	-
	
	
	
	

	5.2.4.3.11
Reliability
(4.10)
	URLLC
	Urban Macro –URLLC
	Uplink

	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
	92.37%
	-
	-
	0.68%
	
	Reliability - UrbanMacro-URLLC-v03.xlsx

	
	
	
	Downlink 
	
	99.54%
	-
	-
	493.1159%
	
	

	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)
	-
	-
	-
	-
	
	

	
	
	
	
	
	-
	-
	-
	-
	
	

	
	eMBB
	Dense Urban – eMBB
	Uplink
	1.12 (30 km/h)
	-
	-
	-
	-
	
	

	
	
	
	
	
	-
	-
	-
	-
	
	

	
	eMBB
	Rural – eMBB
	Uplink
	0.8 (120 km/h)
	-
	-
	-
	-
	
	

	
	
	
	
	0.45 (500 km/h)
	-
	-
	-
	-
	
	

	
	
	
	
	0.8 (120 km/h)
	-
	-
	-
	-
	
	

	
	
	
	
	0.45 (500 km/h)
	-
	-
	-
	-
	
	

	Underlined part: Evaluation results in the extended imt-2020 evaluation process.


Note: Source 3 evaluated 5th percentile user spectral efficiency and average spectral efficiency for uplink under the Rural-eMBB test environment again with new assumptions using PF scheduling and considering the “Inter-site interference” according to ITU-R Report M.2412. Refer to “Scheduling algorithm in CAP for evaluation of the spectral efficiency” (Part II (D) section 1.5 in this evaluation report).
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Attachments:
B.1	eMBB_SE
SpectralEfficiency - 01 InH-eMBB-v02.xlsx



SpectralEfficiency - 02 DenseUrban-eMBB-v03.xlsx



SpectralEfficiency - 03 Rural-eMBB-v032.xlsx





B.2	UserExpDataRate
UserExperienceDateRate - 04 eMBB- v01-rev1.xlsx



B.3	Reliability
Reliability - UrbanMacro-URLLC-v03.xlsx



B.4	AreaTrafficCapacity
AreaTrafficCapacity - 05 eMBB.- v01-rev1.xlsx
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8.4.2 Control channel field

The control channel consists of multiple unicast and broadcast scheduling signaling. The uplink and
downlink unicast scheduling signaling field is shown in Table 56.

Table 56 Definition of control channel field

Definition
Bit
DL uL
b bo=1, downlink scheduling;
0 by=0, uplink scheduling
b b1=0, SU-MIMO transmission;
! b1=1, MU-MIMO transmission
[bsba...by], Bit Map indicates the effective subchannel position of the scheduling|
bs bs.. b2 signaling, the bandwidth of each subchannel is working bandwidth 1 in the working|
bandwidth set.
Indicates the current transmission mode:
bs 0: Open loop transmission;
1: Closed loop transmission (dedicated demodulation reference signal mode);
Bit Map indicates the index of resource unit (RU) in OFDMA scheme with|
b7 bgg Dgy -+ s together. Each bit indicates the corresponding index RU is|
occupied. (bgg bg7 *** bsby)
b1 b1s... by User resource group starting OFDM symbol index, field value: 0~510
b23 b2z b17 IMCS of codeword | indication (see Annex B)
Number of consecutive OFDM symbols in the user resource group, field value: 0 to|
D32 D31... bas

511
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Figure 66 General Frame Structure of physical layer
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In low-error mode, the control channel field is defined in the table below. The CCH transmission uses
MCS1. Convolutional coding is applied for control channel with frequency repetition number s 4 and
time repetition number is 3.

Table 57 Control field definitio

low-error mode

Bit

Definition

Notes.

bbz-bo

I The lowest 4 bits of this CAP MAC|
address

[0 0 0 babzbo] is used for CAP identifier and|
scrambling code seed

bs be

Frame length

00: 0.5ms
01: 1ms
10: 2ms
11: 4ms

bsbrbe

DL ratio : UL ratio

000: 1:1
001: 2:1
010: 4:1
011: 8:1
100: 1:2
101: 1:4

110: 1:8
111: reserved

b

DL MCS

0: QPSK, 112 coding rate
1: QPSK, 4/7 coding rate

bio

UL MCS

0: QPSK, 112 coding rate
1: QPSK, 4/7 coding rate

b1

DL Coding type

TBCC code;
LDPC with codeword size is 448

=5

bi2

UL Coding type

TBCC code;

=5

LDPC with codeword size is 448
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[brebibisbrs], Bit Map indicate the index o
resource unit (RU) in OFDMA scheme
0000 ~ 1101: RU #1 ~ RU #14
1110~1111: reserved
00: 1
bscbro UL Repetition number in time|01: 2
I domain(M) 10: 3
104
besbzz- bar Frame number 0~63, frame number counter
00: No uplink scheduling request channel,
beaber Uplink scheduling request channel

01: Scheduling request channel is configured|

with 1 OFDM symbol;
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10: Scheduling request channel is configured|
with 2 OFDM symbols;

11: Scheduling request channel is configured|
with 4 OFDM symbols;

Uplink random access channel|: N uplink random access channel;

bze o
configuration 1: With uplink random access channel

0, RACH

b0 indication of RACH and ranging
1, ranging
0: Full RU OFDMA scheme

o indication of OFDMA sch

. ndication o SCNEME 11 Single RU OFDMA scheme
bssbse- bsz 24-bit CRC CRC protection

Note 1: bgbsy.. ba, is the CRG of the unicast scheduling signaling field and the unique 12-bit ID of the
cell allocated by the CAP.

[bss bsg +++ b3l = [00 00 dyy dyp ~+ dolsram B leas €22+ Colere

Note 2: The control channel is checked by a 24-bit CRC. The CRG generator polynomial isg(D) = D?* +
D*+D™®+D"+D"+D" +D"+ D’ +D® + D + D* + D* + D + 1. Definition is the same as that in|
Table 55

Note 3: The DL/UL symbol number with different DL/UL ratio is calculated as follows:
DLTCH_ symbol_number = floor(N"DL._Ratio/(DL_Ratio+UL_Ratio))

ULTCH. symbol_number = N - DLTCH_symbol_number
For Full RU OFDMA scheme: 0.5/1/2/4ms frame, N=17/48/111/236;
For Single RU OFDMA scheme: 0.5/1/2/4ms frame, N=13/44/107/232





image9.png
ERREREE

11

1111





image10.png
|-7Dn7wnlllk ‘Scheduling Period——————}—Uplink Scheduling Period——

Somal || Downiink ransmission oL- Uplink transmission
(Cany' | chamneloLTCH) TCH channel(UL-TCH)
Downlink Upiink scheduing “Time—>
s System sounding request channel (UL-
Preamble’ information channel(DL- el SRCH)
channekSICH) SCH) Uplink random access

RS channel (UL-RACH)

Figure 66 General Frame Structure of physical layer

See Table 34 for the definition of each subchannel in the frame structure. The generation procedure of
each subchannel is described in 8.2 and can be classified into three working mode: 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 used in millimeter wave

band (above 24GHz, etc.). [The normal mode and low-error mode can be distinguished by preamble
sequence defection.
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Working Bandwidth per CC NUFRONT

B The working bandwidth (Working_BW) of each component carrier is obtained through the working bandwidth mode
in SICH(refer to section 5.1.7.4 of Attachment 5.4 to 5D/222) and the working bandwidth value in BCF’s fixed part
(refer to section 5.1.5.3.4.1 of Attachment 5.4 to 5D/222).

Table 55 System Information field definition.

Bit- Definition - Notes - . Table 3  Fixed part of BCF frame body .
+
brbg---bo- The lowest 8 bits of this CAP MAC . - ' . . -
address.. CAP identifier and scrambling code seed. Information - Length/ bit - Remarks -

b1obsbs« For sub-6GHz band: - . . . .
000: 5/10/20M working bandwidth mode . CAP-MAC address . 48. Unlque identifier of the CAP .
001: 10/20/40M working bandwidth mode~
010: 15/30/60M working bandwidth mode. Working channel . .
011: 20/40/80M working bandwidth mode. aumber - g. The minimum channel number occupied by the CAP -

100: 25/50/100M working bandwidth mode«

CAP Waorking bandwidith set- Working bandwidths for broadcasting CAP: .

For mm\Vave mode, «

000: 50M working bandwidth mode- 0: working bandwidth 1 in working bandwidth mode; -
g% ;ggm xg::;g E::gmiﬂ 2232 work bandwidth - 2. 1: working bandwidth 2 in working bandwidth mode; .
011: 400M working bandwidth mode- 2: working bandwidth 3 in working bandwidth mode; .

3: Reserved -

o
Others: reserved:

B Combing the indications in SICH and BCF, EUHT can support the following bandwidths for each component carrier.
v’ 5/10/15/20/30/40/50/60/80/100 MHz in Sub-6GHz band

v" 50/100/200/400 MHz in mmWave band





Carrier Aggregation working mode

MAC

I

PHY processing such
as code modulation,
MIMO processing, etc.

H

PHY processing such
as code modulation,
MIMO processing, etc.

[

PHY processing such
as code modulation,
MIMO processing, etc.

NUFRONT

u | |

Subchannel 1/ Subchannel 2/ Subchannel N/
componet carrier 1 componet carrier 2 componet carrier N

Figure 57Multi-carrier and multichannel working mode of EUHT system .

= As shown by Fig. 57 in EUHT specification, spectrum aggregation is defined. Each
component carrier is independently processed in physical layer. All the component

carriers are processed by a single MAC layer entity.





‘ CA Management in MAC Layer

[
ot Q05 | Adaptation
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Management and control plane

Data plane

__________________________________
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Figure 2 Functions of MAC layer-

NUFRONT

= As shown by Fig.2 in EUHT specification, The MAC layer entity function includes a radio resource

management module. One of the function of radio resource management is to divide and aggregate

data packets onto/from multiple component carriers. The detailed method of packet processing is

implementation related.





I I ‘ CA Management in PHY Layer
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Figure 84 Spectrum aggregation mode«

= |n section 5.1.7.11, CCH and TCH in each component carrier can be different. In the figure above, there

are 16 aggregated component carriers. each CC have its own SICH/CCH/TCH channel respectively, which
means the resource allocation and data transmission in time/frequency/spatial domain can be
accomplished for each CC independently.





CA Procedure

1. CAP broadcasts starting frequency (EUHT-ARFCN ) of each component carrier (up to 16) in BCF TLV
as below, the frequency value is defined as F_start for later use(refer to TLV frame of section

5.1.5.3.4.1 of Attachment 5.4 to 5D/222).

Table G.1-3: EUHT_ARFCN.-

Frequency range - AF N_.
(KHz)e | Eq (MHz) - N, s .| Range of " .
0-6000 ( MHz ) - 78.125+ 0- 0- 0-76799 -
6000-24250(MHz)- 78.125+ 6000- 76800~ 76800-310399- |.
24250-100000(MHz)- 390.625- 24250. 310400- | 310400-504319- |.

o

The frequency is calculated by below equation:

F :Fo&"s +AF*(Nchn - dmoﬁs)_,

2. CAP broadcasts the relative working channel number in BCF frame. The working channel number is

defined WCN as for later use(refer to fixed part of section 5.1.5.3.4.1 of Attachment 5.4 to 5D/222).

NUFRONT

The Data field with TLV_type=0 of BCF_TLV frame is defined in table below. .

Name -

Length/ bit

Value -

starting frequency of]
carrier #1.

Indicates starting frequency of carrier #1, i.e frequency when|-
channel number=0. ..
Refer to Annex G for EUHT-ARFCN .

starting frequency of]
carrier #2 .

Same as above while carrier #2 corresponds to channel numberf| -
1.

starting frequency of]
carrier #3 -

Same as above while carrier #3 corresponds to channel number| -
2.

starting frequency of|
carrier #4 .

Same as above while carrier #4 corresponds to channel numberf| -
3.

starting frequency of|
carrier #5 .

Same as above while carrier #5 corresponds to channel numberf| -
4 .

starting frequency of]
carrier #6 .

Same as above while carrier #6 corresponds to channel number|-
5.

starting frequency of]
carrier #7 .

Same as above while carrier #7 corresponds to channel number|-
6.

starting frequency of]

carrier #8 .

Same as above while carrier #8 corresponds to channel number| -
7.

Table3  Fixed part of BCF frame body-

Information- Length/ bit- Remarks é
CAP-MAC address- 48 Unique identifier of the CAP- ¢
Working channel - :
number. 8- The minimum channel number occupied by the CAP






CA Procedure

NUFRONT

3. The working bandwidth (Working BW) of each component carrier is obtained through the working bandwidth

mode in SICH(refer to section 5.1.7.4 of Attachment 5.4 to 5D/222) and the working bandwidth value in BCF’s fixed

part (refer to section 5.1.5.3.4.1 of Attachment 5.4 to 5D/222)).

b1obgbs -

CAP Working bandwidth set -

For sub-6GHz band: .

000: 5/10/20M working bandwidth mode -
001: 10/20/40M working bandwidth mode .
010: 15/30/60M working bandwidth mode .
011: 20/40/80M working bandwidth mode -
100: 25/50/100M working bandwidth mode -

For mmWave mode, -

000: 50M working bandwidth mode -
001: 100M working bandwidth mode «
010: 200M working bandwidth mode .
011: 400M working bandwidth mode .

Others: reserved -

Table 3  Fixed part of BCF frame body .

Information -

Length/ bit -

Remarks -

CAP-MAC address - 48. Unique identifier of the CAP -
Working channel 8- The minimum channel number occupied by the CAP -
number -

Working bandwidths for broadcasting CAP: .

0: working bandwidth 1 in working bandwidth mode; .
work bandwidth - 2. 1: working bandwidth 2 in working bandwidth mode; .

2: working bandwidth 3 in working bandwidth mode; .
3: Reserved .

4. The center frequency value of each component carrier can be calculated as below

F_center = F_start + (WCN + 0.5)*Working_ BW;





CA Procedure

NUFRONT

5. STA reports its capability to support CA or not in STA capability request frame(refer to Table 7 of section

5.1.5.3.4.4 of Attachment 5.4 to 5D/222).

STA supporting
spectrum

aggregation«

2

0: Not supported:; -
1: Support spectrum aggregation mode; -
2~3: reserved-

6. CAP notifies the STA to activate/deactivate the CA mode in STA capability response frame(refer to Table 8 of

section 5.1.5.3.4.50f Attachment 5.4 to 5D/222).

Spectrum aggregation
mode -

2 0: No aggregation;
1: Aggregation mode; -
2~3: reserved.











Inter system handover Procedure NUFRONT

EUHT access network and LTE access network are independent and the core networks of the two systems are independent too. EUHT

can support inter-system handover with the LTE system (legacy IMT system).
A dual-mode EUHT STA that integrates LTE functions to achieve inter-working with LTE system.

A radio adaptation layer is added in the dual-mode terminal on top of both LTE and EUHT protocol stack, which can dynamically select

and activate the specific radio access technology.

This solution does not need to modify the existing network, and has no impact on the existing network. All the inter-working control

signalling and procedure in the dual-mode STA is implementation related.

The radio adapter layer select the radio interface

to deliver the PDUs, according to the active
Radio ADAPTER MAC/PHY stack to deliver PDUs
LAYER
LTE EUHT = LTE NodeB LTE CN/GW
STACK || STACK External-
— _— Data
o Netwrok
_— EUHT CN/
L EUHT CAP GW
Dual Mode
STA






A possible Inter-system handover Procedure implementation™N UFRONT

1) The dual-mode STA monitors the wireless qualities

and the traffic load of the two wireless networks, and

, ADAPTER EUHT
selects the better radio access network to carry out S s LTE Stack

services according to an appropriate criteria.

The terminal is using EUHT for services

2) For example,when the STA is using the EUHT access

network for services, if the signal quality of the EUHT &i8nal below threshold
network becomes worse and the signal quality of the SO eSS ]
LTE network is better, the STA 's adaptation layer will Start Services

choose to use the LTE network for services and vice

versa.
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7.15 Channel switching management

7.15.1 General

The system supports CAP and STA networking with different bandwidth capabilities and communicates
with each other. The EUHT system uses working bandwidth 1 as the basic channel bandwidth, and

supports working bandwidth 2 and working bandwidth 3 in one component carrier, and support
continuous or discontinuous larger bandwidths by spectrum aggregation. The higher bandwidth working

mode supported by the EUHT includes the aggregation mode according to the specific aggregation
modes at section 8.11

In the EUHT system, the MAC layer uniformly manages and controls multiple subchannels o component
i.e. the CAP determines the bandwidth mode to be adopted by the STA for each transmission at
the PHY layer according to the currently available bandwidth, the bandwidth capability of the STA, and
the scheduling result. The multichannel working mode supported by the EUHT system is shown in Figure
57. The CAP can support switching between STAs on different sub-channels or aggregation working
bandwidths mode.
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Figure 57 Multi-carrier and multichannel working mode of EUHT system
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8.11 Spectrum aggregation mode

The EUHT system uses component carrier the same as the working channel bandwidth, and support
higher bandwidths by spectrum aggregation as shown in Figure 84. The number of component carriers
is up to 16. The frame structure, system parameters of each component carrier is the same. The SICH is

duplicated and transmitted in all component carriers. CCH and TCH in each component carrier can be
different.

D u
Component DL-TCH DL-TCH |G G
carrier 1 h |
D u
Component DL-TCH DL-TCH |G G
carrier 2 | ]
time
D u
Component
ions DL-TCH DL-TCH <|3 ?
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Component
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| Clarification for Carrier Aggregation NUFRONT

= |n section 8.11, CCH and TCH in each component carrier can be different. In the
figure below, there are 16 aggregated component carriers. each CC have its own
SICH/CCH/TCH channel respectively, which means the resource allocation and
data transmission in time/frequency/spatial domain can be accomplished for
each CC independently. - l

::::::

DLTCH

ccccc :

Gomponent
ccccc 15 l CRiE)

Component
carier16 | DLECH

Figure 84 Spectrum aggregation mode
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]

ABCETLY frame i defined or tarting frequency of carrers in aggregation. The TLV frame

structure is defined in section 6.3.4.23.

Field TLV type- TLV length = Data
Bite 8 160 Customized-
Value: 0 19N, N<=16+ Customized-

The Data field with TLV_type=0 of BCF

TLV frame is defined in table below.

[Name-

Length/ it

[Value-

19

Indicates starting frequency of carrier #1, i frequency when]
channel number=0.

Refer to Annex G for EUHT-ARFCN®

19

Same as above while carrier #2 corresponds to channel number
1o

19

Same as above while carrier #3 corresponds to channel number
20

19

Same as above while carrier #4 corresponds to channel number
3

19

Same as above while carrier #5 corresponds to channel number
a0

19

Same as above while carrier #6 corresponds to channel number
5

19

Same as above while carrier #7 corresponds to channel number
6

19

Same as above while carrier #3 corresponds to channel number
-

19

Same as above while carrier #9 corresponds to channel number
8

19

Same as above while carier #10 comesponds to channel
number 9

19

Same as above
number 10

carier #11 comesponds to channel

19

Same as above while carier #12 comesponds to channel
number 11

19

Same as above while carier #13 comesponds to channel
number 12

19

Same as above while carrier #14 comesponds to channel
number 13

19

Same as above
number 14

carier #15 coresponds to channel

19

Same as above while carrier #16 comesponds to channel
number 15
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| I | | Clarification for Carrier Aggregation NUFRONT

= EUHT specification lacks of the essential function of component carrier management
= EUHT defines the functions of carrier aggregation management
= 1) STA request CA based on its capability negotiation, see 6.3.4.4.
=2) CAP notifies STA to work in CA mode or not, see 6.3.4.5.
®3) In CA mode, once the data packets are divide onto component carriers, each
component carrier will work in the same way as non-aggregation mod. The

resource allocation in time/frequency/spatial domain is performed by each

component carrier and indicated in its CCH respectively.
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7.19.2 Handover management

71921 Basic handover procedure

When the STA s in the service connection state, its mobity management can be performed through
the handover process. The handover procedure covers the channel measurement handover triggering,
the handover decision and preparation, and the handover execution. The basic handover procedure is
shown in Figure 63

- Channel measurement:

To assist the handover decision, the CAP may allocate a corresponding time interval for the STA to
perform channel scan measurement, and report channel measurement resuls of the serving cell and
the neighboring cells, in preparation for subsequent channel switching and cell handover.

The measurement steps are as follows:

Step 1: the STA measures the average Received Signal Strength Indication (RSSI) of the working
channel of the current cell

Step 2: the average RSS| measurement value of the working channel of the current cellis compared
with the set threshold value RSSI_DL_DROP. When the measured value is less than the threshold
value RSSI_DL_DROP, the timer starts counting

Step 3: I the measured value of the average RSS| of the current cellin the set lag time T isless than
the threshold RSSI_DL_DROP, send a measurement request message to the CAP-S.

W] [ [on)] feed
-

measurement ald

j st

f Vo e

bt - o

L

t-=venager - i
=

E——

Figure 63 Basic process of handover

Step 4: According to the measurement response message retumed by the CAP-S, which carres the
allocated measurement time and candidate cell st information, measurement of the candidate cell starts,
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2.12 long preamble sequence

Training sequence for fine synchronization and channel estimation. It also called common reference

slgnal(CRS).
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in Low-error mode, short preamble(S-Preamble) is 7 identical PN sequences and each PN sequence has

255 points. The 255-point PN sequence is:

5255

1

DTS o Py P o P P Py B P P P P Py S B P B P P

A1

1,11

1,1,1,1,1,-1,1,-1

-

11,1

~1111,1-1)

1
In Low-error mode, the short preamble and long preamble should be filtered to meet the requirements of

frequency mask.

1,0,1,-0,1,-0,1,1,-1,1,1,1,1,
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7.15

Reliability

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:

Step 2:

Step 3:

Step 4:

Run downlink or uplink full buffer system-level simulations of candidate RITs/SRITs using
the evaluation parameters of see § 8.4.1 below, and
collect overall statistics for downlink or uplink SINR values, and construct CDF over these
values.

Use the CDF for the Urban Macro-URLLC test environment to save the respective 5%
percentile downlink or uplink SINR value.

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-P,), where P, is the residual packet error ratio within maximum delay time as a
function of SINR taking into account retransmission.

The proposal fulfils the reliability requirement if at the 5% 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.
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8.5.3 Traffic channel demodulation reference signal
8.5.3.1 General

This specification can dynamically adjust the demodulation reference signal (DRS) pattern in normal and

mmWave mode. Different time domain interval of DRS can be configured through the Control Channel

field b,s; different frequency domain interval of DRS can be configured through the Control Channel field
47Das:

If bg in Control Channel field is 1, the demodulation reference signal can be precoded (i.e. dedicated

demodulation reference signal); if b in Control Channel field_is 0, demodulation reference signal cannot

be precoded (i.e. common demodulation reference signal).

In low-error mode with Single RU OFDMA (see Table 57), there are both downlink DRS and uplink DRS.
The frequency domain interval DPIr of both downlink and uplink DRS s fixed to be 1. The frequency
domain repetition number of both downlink and uplink DRS is fixed to be 1. The time domain repetition
number of both downlink and uplink DRS is the one-fourth with ceiling of the time domain repetition
number of uplink and downlink TCH, respectively.

b1ab13

DL Repetion _number
frequency domain(N)

(Single RU OFDMA scheme, frequency|
\domain repetition is fixed to be 1),
[brebrbubrs], Bit Map indicate the index of
resource unit (RU) in OFDMA scheme

10000 ~ 1101: RU #1 ~ RU #14.

1110~1111: reserved

b1gb17

00: 1

o01: 2

10: 4

UL Repefiion number in[11: 8

frequency domain(N) byi=1 (Single RU OFDMA scheme, frequency|
domain repetition is fixed to be 1),
[brbizbubss), Bit Map indicate the index o
resource unit (RU) in OFDMA scheme
0000 ~ 1101: RU #1 ~ RU #14

1110~1111: reserved
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8.5.3 Traffic channel demodulation reference signal
8.5.3.1 General

This specification can dynamically adjust the demodulation reference signal (DRS) pattern in normal and
mmWave mode. Different time domain interval of DRS can be configured through the Control Channel
field b,s; different frequency domain interval of DRS can be configured through the Control Channel field
byzbse.

If bs in Control Channel field is 1, the demodulation reference signal can be precoded (i.e. dedicated

demodulation reference signal); if bg in Control Channel field_is 0, demodulation reference signal cannot
be precoded (i.e. common demodulation reference signal).

In low-error mode with Single RU OFDMA (see Table 57), there are both downlink DRS and uplink DRS.
The frequency domain interval DPIe of both downlink and uplink DRS is fixed to be 1. The frequency
domain repetition number of both downlink and uplink DRS is fixed to be 1. The time domain repetition
number of both downlink and uplink DRS is the one-fourth with ceiling of the time domain repetition
number of uplink and downlink TCH, respectively.
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EUHT USEs PF scheduling NUFRONT

B [n 5D/703, Table 7 (below )of Annex 5 does mention the round-robin scheduling , it 1s for STA

internal traffic scheduling, which has nothing to do with the CAP multi users scheduling.

STA basic capability request frame body

..................................... s s s s s s e s SR

Name+ Length/ bit+ Value+~ '
+
. ?‘j"ﬂﬁp EE:_E'i 10 0: Only the round-robmn scheduling 15 supported,+
mtemal irafne .
schedulmg mechamsm 1: Reserved: o

B CAP multi users scheduling algorithm is implementation related.
B PF scheduling can achieve multi user diversity gain, obtain the fairness between the edge

users and inner users , So EUHT chooses PF scheduling .





The rural eMBB uplink will be “Yes” if proper PF scheduler is used

NUFRONT

B In 5GMF report, source 3 uses the RR scheduling in all eMBB scenarios;
B PF can obtain trade-off between 5% SE and average SE:

 Source 3 gave the 5-th percentile SE value 0.037,
which is close to the requirements value 0.045;

e Source 3 gave the average SE value 4.43, which
is much higher than the requirements value 1.6.

* Therefore, if source 3 uses the PF scheduling
and simply adjusts the PF scheduler parameters
to give more priority to cell edge users, the 5-th
percentile SE will met the requirement .

* Similar observation applies for sourec 4. If
source 4 adjust the “fairness” parameter in PF
scheduler, The rural eMBB uplink performance
will be “Yes”

[

Required
value
Plli'i;l':;:uﬂuh' Dﬂ:‘l;::unt.?r Source 1+ | Source 2+ Source 3 Source 4+
ot percentile user spectral efficiency (bit/s/Hz)+
eMBB: Rural - eMBE+ | Downlinks 0.12
Uplink+ 0.045+ 0.04-0.04
Downlink+ 0.12 s
Uplink~ 0.045 0 IJ'DE_;H 01 0.037. 0,002
Average spectral efficiency (bit/s/Hz/ TRxP)+
eMBB- Rural - ehBE+ | Downlinks 33, -
Uplink: 1.6+ 3.14=3.16+
Downlinks 33. -+ -
Uplink+ 1.6+ 3.26~3.60- 443 2.67:
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7.49.23  Lossless Handover

EUHT system supports mobility by using the network control and STA-assisted handover mechanism

The network provides measurement configuration information to STA. According to the network
configuration information, when the STA detects that the threshold of start-up measurement is satisfied,
the STA initiates measurements of neighboring cells; when the STA detects that the threshold of
measurement report is satisfied, the STA reports the measurement results to the network.

In the handover process, the source CAP decides whether to initiate the handover procedure based
on the measured resuls reported by the STA. The source CAP initiates a handover procedure and sends
a"CAP Handover Request” message 1o the target CAP when the source CAP judges that the handover
condition is satisfied. The message carries service flow info, security info, etc. The info helps the target
CAP establish Radio Bearer and restore Air Interface data transmission

The target CAP provides some information to help the STA have access to the target CAP. The
target CAP sends the information to the source CAP through the "CAP Handover Response" message.
Then the source CAP sends the information that can be used in the target CAP to the STA by sending
the "Handover Command" message through the air interface so as to help the STA access the target
CAP when it hands over.

For some data flow services that are required to support lossless handover, in the handover process,
the source CAP will forward the buffer memory of the target CAP the data packets that have been sent
to the STA through the air interface and have not received ACK from the STA. Meanwhile, the source

CAP also forwards the buffer memory of the target CAP the data packets newly received from the network
side in the handover process

The STA synchronizes and accesses the target CAP according to the information received from the
source CAP in the "Handover Command" message.

The target CAP sends a “Path Update” message to the CN (Core Networkjto nolify the path of the
change. The source CAP receives a “Path Release” message from the network and releases the STA
information

Through the above control plane and user plane procedure, the STA completes the handover
procedure and establishes a new radio connection with the target CAP for data transmission|
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Figure 65 Lossless handover flow
mobilty interruption time:
There are some properties support Oms interrupt ime in EUHT, such as:

‘The mode of multple access is OFDMAn EUHT. thus can realize the carrier aggregation (CA) function,
and STA could connect vith source CAP and target CAP.

RACH ~ less is used in EUHT, the target CAP can pre-allocate resources for STA to reduce handover
Tatency.
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Working Bandwidth per CC NUFRONT

B The working bandwidth (Working_BW) of each component carrier is obtained through the working bandwidth mode
in SICH(refer to section 5.1.7.4 of Attachment 5.4 to 5D/222) and the working bandwidth value in BCF’s fixed part
(refer to section 5.1.5.3.4.1 of Attachment 5.4 to 5D/222).

Table 55 System Information field definition.

Bit- Definition - Notes - . Table 3  Fixed part of BCF frame body .
+
brbg---bo- The lowest 8 bits of this CAP MAC . - ' . . -
address.. CAP identifier and scrambling code seed. Information - Length/ bit - Remarks -

b1obsbs« For sub-6GHz band: - . . . .
000: 5/10/20M working bandwidth mode . CAP-MAC address . 48. Unlque identifier of the CAP .
001: 10/20/40M working bandwidth mode~
010: 15/30/60M working bandwidth mode. Working channel . .
011: 20/40/80M working bandwidth mode. aumber - g. The minimum channel number occupied by the CAP -

100: 25/50/100M working bandwidth mode«

CAP Waorking bandwidith set- Working bandwidths for broadcasting CAP: .

For mm\Vave mode, «

000: 50M working bandwidth mode- 0: working bandwidth 1 in working bandwidth mode; -
g% ;ggm xg::;g E::gmiﬂ 2232 work bandwidth - 2. 1: working bandwidth 2 in working bandwidth mode; .
011: 400M working bandwidth mode- 2: working bandwidth 3 in working bandwidth mode; .

3: Reserved -

o
Others: reserved:

B Combing the indications in SICH and BCF, EUHT can support the following bandwidths for each component carrier.
v’ 5/10/15/20/30/40/50/60/80/100 MHz in Sub-6GHz band

v" 50/100/200/400 MHz in mmWave band





Carrier Aggregation working mode

MAC

I

PHY processing such
as code modulation,
MIMO processing, etc.

H

PHY processing such
as code modulation,
MIMO processing, etc.

[

PHY processing such
as code modulation,
MIMO processing, etc.
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u | |

Subchannel 1/ Subchannel 2/ Subchannel N/
componet carrier 1 componet carrier 2 componet carrier N

Figure 57Multi-carrier and multichannel working mode of EUHT system .

= As shown by Fig. 57 in EUHT specification, spectrum aggregation is defined. Each
component carrier is independently processed in physical layer. All the component

carriers are processed by a single MAC layer entity.





‘ CA Management in MAC Layer
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= As shown by Fig.2 in EUHT specification, The MAC layer entity function includes a radio resource

management module. One of the function of radio resource management is to divide and aggregate

data packets onto/from multiple component carriers. The detailed method of packet processing is

implementation related.





I I ‘ CA Management in PHY Layer
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Figure 84 Spectrum aggregation mode«

= |n section 5.1.7.11, CCH and TCH in each component carrier can be different. In the figure above, there

are 16 aggregated component carriers. each CC have its own SICH/CCH/TCH channel respectively, which
means the resource allocation and data transmission in time/frequency/spatial domain can be
accomplished for each CC independently.





CA Procedure

1. CAP broadcasts starting frequency (EUHT-ARFCN ) of each component carrier (up to 16) in BCF TLV
as below, the frequency value is defined as F_start for later use(refer to TLV frame of section

5.1.5.3.4.1 of Attachment 5.4 to 5D/222).

Table G.1-3: EUHT_ARFCN.-

Frequency range - AF N_.
(KHz)e | Eq (MHz) - N, s .| Range of " .
0-6000 ( MHz ) - 78.125+ 0- 0- 0-76799 -
6000-24250(MHz)- 78.125+ 6000- 76800~ 76800-310399- |.
24250-100000(MHz)- 390.625- 24250. 310400- | 310400-504319- |.

o

The frequency is calculated by below equation:

F :Fo&"s +AF*(Nchn - dmoﬁs)_,

2. CAP broadcasts the relative working channel number in BCF frame. The working channel number is

defined WCN as for later use(refer to fixed part of section 5.1.5.3.4.1 of Attachment 5.4 to 5D/222).

NUFRONT

The Data field with TLV_type=0 of BCF_TLV frame is defined in table below. .

Name -

Length/ bit

Value -

starting frequency of]
carrier #1.

Indicates starting frequency of carrier #1, i.e frequency when|-
channel number=0. ..
Refer to Annex G for EUHT-ARFCN .

starting frequency of]
carrier #2 .

Same as above while carrier #2 corresponds to channel numberf| -
1.

starting frequency of]
carrier #3 -

Same as above while carrier #3 corresponds to channel number| -
2.

starting frequency of|
carrier #4 .

Same as above while carrier #4 corresponds to channel numberf| -
3.

starting frequency of|
carrier #5 .

Same as above while carrier #5 corresponds to channel numberf| -
4 .

starting frequency of]
carrier #6 .

Same as above while carrier #6 corresponds to channel number|-
5.

starting frequency of]
carrier #7 .

Same as above while carrier #7 corresponds to channel number|-
6.

starting frequency of]

carrier #8 .

Same as above while carrier #8 corresponds to channel number| -
7.

Table3  Fixed part of BCF frame body-

Information- Length/ bit- Remarks é
CAP-MAC address- 48 Unique identifier of the CAP- ¢
Working channel - :
number. 8- The minimum channel number occupied by the CAP






CA Procedure

NUFRONT

3. The working bandwidth (Working BW) of each component carrier is obtained through the working bandwidth

mode in SICH(refer to section 5.1.7.4 of Attachment 5.4 to 5D/222) and the working bandwidth value in BCF’s fixed

part (refer to section 5.1.5.3.4.1 of Attachment 5.4 to 5D/222)).

b1obgbs -

CAP Working bandwidth set -

For sub-6GHz band: .

000: 5/10/20M working bandwidth mode -
001: 10/20/40M working bandwidth mode .
010: 15/30/60M working bandwidth mode .
011: 20/40/80M working bandwidth mode -
100: 25/50/100M working bandwidth mode -

For mmWave mode, -

000: 50M working bandwidth mode -
001: 100M working bandwidth mode «
010: 200M working bandwidth mode .
011: 400M working bandwidth mode .

Others: reserved -

Table 3  Fixed part of BCF frame body .

Information -

Length/ bit -

Remarks -

CAP-MAC address - 48. Unique identifier of the CAP -
Working channel 8- The minimum channel number occupied by the CAP -
number -

Working bandwidths for broadcasting CAP: .

0: working bandwidth 1 in working bandwidth mode; .
work bandwidth - 2. 1: working bandwidth 2 in working bandwidth mode; .

2: working bandwidth 3 in working bandwidth mode; .
3: Reserved .

4. The center frequency value of each component carrier can be calculated as below

F_center = F_start + (WCN + 0.5)*Working_ BW;





CA Procedure

NUFRONT

5. STA reports its capability to support CA or not in STA capability request frame(refer to Table 7 of section

5.1.5.3.4.4 of Attachment 5.4 to 5D/222).

STA supporting
spectrum

aggregation«

2

0: Not supported:; -
1: Support spectrum aggregation mode; -
2~3: reserved-

6. CAP notifies the STA to activate/deactivate the CA mode in STA capability response frame(refer to Table 8 of

section 5.1.5.3.4.50f Attachment 5.4 to 5D/222).

Spectrum aggregation
mode -

2 0: No aggregation;
1: Aggregation mode; -
2~3: reserved.











Inter system handover Procedure NUFRONT

EUHT access network and LTE access network are independent and the core networks of the two systems are independent too. EUHT

can support inter-system handover with the LTE system (legacy IMT system).
A dual-mode EUHT STA that integrates LTE functions to achieve inter-working with LTE system.

A radio adaptation layer is added in the dual-mode terminal on top of both LTE and EUHT protocol stack, which can dynamically select

and activate the specific radio access technology.

This solution does not need to modify the existing network, and has no impact on the existing network. All the inter-working control

signalling and procedure in the dual-mode STA is implementation related.

The radio adapter layer select the radio interface

to deliver the PDUs, according to the active
Radio ADAPTER MAC/PHY stack to deliver PDUs
LAYER
LTE EUHT = LTE NodeB LTE CN/GW
STACK || STACK External-
— _— Data
o Netwrok
_— EUHT CN/
L EUHT CAP GW
Dual Mode
STA






A possible Inter-system handover Procedure implementation™N UFRONT

1) The dual-mode STA monitors the wireless qualities

and the traffic load of the two wireless networks, and

, ADAPTER EUHT
selects the better radio access network to carry out S s LTE Stack

services according to an appropriate criteria.

The terminal is using EUHT for services

2) For example,when the STA is using the EUHT access

network for services, if the signal quality of the EUHT &i8nal below threshold
network becomes worse and the signal quality of the SO eSS ]
LTE network is better, the STA 's adaptation layer will Start Services

choose to use the LTE network for services and vice

versa.
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5.2.3.2.5¢

Mobility management (Handover)

s. Lo

Describe the handover mechanisms and procedures which are associated with +
— Inter-System handover including the ability to support mobility between the
RIT/SRIT and
— Intra-System handover-
1 Intra-frequency and Inter-frequency
2 Within the RIT or between component RITs within one SRIT (if applicable)-
Characterize the type of handover strategy or strategies (for example, UE or base
station assisted handover, type of handover measurements).-
What other IMT system (other than IMT-2020) could be supported by the handover
mechanism?
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1.6.19.3 Interworking with other systems

-Take the interworking with LTE system for example. The STA of EUHT system

can integrate LTE function. According to the wircless coverage of EUHT and LTE system, and
combined with the traffic load of the fwo systems, the appropriate wireless system can be selected

for communication. Mobility management between two systems can be supported. The main
processes are as follows:

STA receives the "Inter system selection rules” issued by the source system base station, and starts
the measurement at the appropriate time according to the specified rules.

According to the Inter system selection rules of the base station of the source system, when STA
meets the criteria of measurement reporting, it will report the results of "Inter system measurement”
to the base station of the source system./

The base station of the source system chooses to send "Handover to Inter system command” to STA
if it needs to handover to other system according to the result of STA reporting.-

STA exccutes synchronized target system base station and accesses farget system network.
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Appreciation for SGMF

" We highly appreciate the efforts that SGMF made
to study “EUHT-5G” and perform the evaluation.





I I ‘ Would 5GMF please clarify the results from source 1 NUFRONT
n rce 2 S

B \We noticed that the results from source 1 and source 2 in new report are almost the same as those
in previous report. For example, the table below is the results from source 1 and source 2 in Indoor
Hotspot — eMBB scenario in previous and new report. It shows source 1,2 in new report are
identical to the previous.

L1k s Downlink or | Required
R uplink value
eMBB P

Downlink 0.03~0.24 0.237 0.03~0.24 0.237  4GHa Chama
5th percentile Uplink 0.21 0.08~0.18 0.173 0.08~0.18 0.173 12/36 TRxP
Sosaiel Downlink 0.3 0.01~0.06 None 0.01~0.06 - 0 S

efficiency Channel model
Uplink 0.21 0.05~0.10 None 0.05~0.10 - A/?’QXZF{%
Downlink 9 4.93~7.35 7.344 4.93~7.35 7.344 4Gtz Channa
Average Uplink 6.75 2.71~3.98 4.09 2.71~3.98 4.09 12/36 TRxP
o2 E Downlink 9 4.77~5.42 None  4.77~5.42 : 30 Gz
efficiency Channel model
Uplink 675  2.48~3.61 None 2.48~3.61 i ATB, 12/36

TRxP

B Would 5GMF please clarify that the results from source 1 and source 2 are re-evaluation results or
just “copy” the old results from previous report without re-evaluation.





MMSE-IRC receiver is preferred to be used in eMBB NUFRONT
evaluation

B MMSE-IRC receiver is a common methodology used in multi-cell simulation for
reducing the inter-cell interference, and MMSE-IRC is used in 3GPP self-
evaluation as a reference receiver.

B [n 5SGMF previous and new reports, MMSE receiver is used in all eMBB scenarios
both DL and UL, which can’t mitigate the inter-cell interference and has much
worse performance than MMSE-IRC algorithm. So the results of 5GMF reports are
heavily undervalued.

~ e

Dense Urban - eNMBB
Technical configuration
Parameters

scheduling PF Same value with MT-2020118  |RR PF
Receiver MHSE MHSE MNSE MHSE
Channel estimation Hon-ideal Game value with IMT-202018 | Non-ideal Hon-ideal

source 1 source 2 Source 3 Source 4






The “max spatial stream number” should be 8 NUFRONT

B EUHT supports up to 8 spatial streams in both Sub-6GHz and mmWave band. In

EUHT self evaluation report, 8 max spatial streams is adopted in all eMBB scenarios.

sl dimension Upto 8 [ayers

B [n SGMF new report, source 3 only support up to 2 streams SU-MIMO in all eMBB
scenarios both DL and UL, which is not correct and severely degrades EUHT SE

performance .

nir - e
Technical configuration

Reference value from Nufront IMT-2020018 Source] Souroel Baourced
FParameters
Multiple access OF DA OF DA Same walue with rC'FD-HA
Duplexing TOHDy TOD Same value with | TDD
MNetwork synchronization Synchronized Synchronized |Same walue with | Synchronized
Modulation Up to 1024 QAM Up to 1024 QAL Same valus with | Up to 256 QAM
Coding on data channel LOPC LOPC Same value with | LOPC
Subcarrier spacing 78125 kHz 5C5 T8.125 kH=z Same walue with | 78125 kHz
Simulation bandwidth 20MHz 20MHz Same wvalee with | 20MHz
Frame structurs CoL:UL = 2:1 DL:UL =2:1  [Same value with | DL:UL = 3:1
Tranzmission schame Adaptive SUMU-MIMOD Adaptive SU/M| Same value with | Adaptive SUMU-MIMOD
[T - T L G L T e L U e L L 7 B S
I5U dimension Up to & layers Up to & layers [Same value with [Up to 2 layers
LB —f iR ety Byl it st B i bandwidth






Would 5GMF please clarify the maximum number of
streams in evaluation?

NUFRONT

Previous report New report
Dense Urban - BB -8 Dense Urban - eMBB
Technical configuration Reference value from Souce | Souce ) T oo Reference value from Nufront IWT-200118 Sourced Source? TeCh"';al 2ot b Source 4
Parameters Nufront INT-2020118 _ Fonelys , e —

utipe access OFDIA OFDIA Same vaue wih NT-202018 | gk s (FOl (FDA Same vale it T-202 16 - ! l'p ¢ access =

Dupleving ™ ™ Same valie wih IT-2000118_ | gy 0 10 ERTE I vt T

Network synchronization Synchronized Synchronized Same value with INT-202018 Network synchrngator Synchronzed Synchronzed Same vali with NT-2020/ 16 T dulatm: Uy 0 2560AN

oduii Upto 1024 QAN Upto 1024 QAN Same vake wih WT-202018 | Thuat Uyt 124 AN Upto 1024 QA e e I {Goging on PUSCH Lgpc

Coding on DL TCH LDRC LDRC Same value wih WT-20018 | (i 0 gt chmel i IR Sanevle it 208 [Numerology 78125 Kz

!PF“TT'“QE — T8125 iz 305 TE120 iz 305 same vaue win BT202018 e g B Bk Sane ket T [Guard band ratio on simulation

wLL L S S SO VALE WD WTAVIE | iy [l il Goe et TG bandidth
} |Frame structure oLUL=21 oLUL=241 Same value with INT-202018 — o TR Y Simulation bandwdith 20 MHz
| Transrission scheme Adaptive SUMUINO Adapive SUMUINO__[Same vae win WT-20201g | AL L1 L2 sne chevh W01

putve Uikl APV kLA Ame vae wit I — - - - [Frame structure DLUL=21
» (Il dimeasion Masizuz factocat — S amesalie it T 2 Traissonscheme Kizpive SUIMLHING Aoaptive SUMLHING Same vl it 1-2020 18 = —— ~
i 50 dimension Upto 8 layers Upto 8 layers Same value Wi NT-202018 | - e i —_ — SU dimension Unto 8 layers
E " 51 dimension o to Blayes lpto B lyens Samz e vt IT-2020/ 18 : o
B B0LSCHparts D20z | D PO 2Oz | - DR s eyt — | COCEWTeH{C o aerrppim—fopror £ ——
DL-5CH transmission o bandwidth; 2symbols per  |Same value with MT-2020118 UL-5CH menemisi 8 DLACH part n 20k hanct, dsyme DL-oCH pots m 200z anawdty; 259 2ame valig win =202
bandwidth; 2svmbols per 20ms |..

B In 5GMF previous and new reports, although all sources except source 3 write
“support up to 8 layers” on the table, their technical email discussion with EUHT said
they all use 4 streams, which is not correct and degrades EUHT SE performance

Please clarify the maximum number of streams in evaluation.





1024 QAM is preferred to be used in eMBB evaluation NUFRONT

B The maximum modulation order in EUHT is 1024 QAM. In EUHT self-evaluation
report, up to 1024 QAM is adopted in all eMBB scenarios.

Modulation Ip to 1024 Q1AM

Coding on DL TCH LOPC

B [n 5GMF new report, source 3 only support up to 256 QAM in all eMBB scenarios
both DL and UL, which is not correct and degrades EUHT SE performance .

Sourceld

CFDMA

TDD

Synchronized

| |Up to 256 QAM I
“OPC '






Wrong scheduling is used in SGMF evaluation NUFRONT

B [n EUHT self-evaluation report, PF scheduling is adopted in all eMBB scenarios.

9 |Antenna configuration at TRxP 8Rx, (8.4.211:1.4) Source 3
0 |Antenna configuration at UE Al (14211 1.4)
1 |Scheduling FF CFDA,

TDD
Svnchronized

.
2 |Receiver Kbest A
"
o Up to 255 QAN
.
.
.
F

LDPC
f8.125 kHz
Z20MH=z
DL:UL = 31

B [n 5GMF new report, source 3 uses the RR scheduling in all

eMBB scenarios.

==

Adaptive SURKLU-KINMO
Maximum factor of 4
Up to 2 lavers

==

==

B |t is well known that the PF scheduling is better than RR
scheduling, PF scheduling can achieve multi-user diversity
gain, obtain the best fairness between the edge users and inner
users. So the average spectral efficiency and 5t percentile
user spectral efficiency in 5GMF evaluation report will be better
if PF scheduling are used.

8 DL-SCH ports in 206K
10ms pericd

=U-C 10ms period
Current frame

Mext available frame
o=, (64.21,1;1,4%
SR, (1,421.1;1,4)
RER

MMSE

o Mon-ideal |

P P I I






Source #.1\2\4 achieve worse performance with better NUFRONT
assumptions??

B Obviously the source 1,2,4 simulation assumptions are better comparing to source 3, such as:

* Max spatial stream number: Source 1/2/4 use up to 8 layers(not sure 8 layers or 4 layers yet),
Source 3 uses up to 2 layers;

* Modulation: Source 1/2/4 use up to 1024 QAM, but source 3 uses up to 256 QAM;

* Scheduling algorithm: Source 1/2/4 use PF scheduling , but source 3 uses RR scheduling;

B But as shown in figure below, the evaluation results of source1,2,4 are weaker than source 3,

which is not correct .

Required
values
-
En‘.‘ifl:‘l?[sl:nentﬂ Duzlt:lliir;.llc{pm- Source 1+ Source 2+ Source 3¢ Source 4+ —
Dense Urban — Downlink+ TRs T.68-T7. 74+ 7411+ 8.08+ 6.42~-6.55+ 4 ’ S
eMBB« Uplink< 5.4¢ 3.58~3.71¢ 3.623¢ 4.42¢ 2 a
Downlink+ 780 553« o -+ - | e
Uplink+ 544a 1.70¢ -a -+ -+
Rural — eMBB+ | Downlinke 3i3e - - - - —
Uplink« 16« - - -a 3.14~3. 16« h
Downlink+ 33 -0 -9 o o s
Uplink+ 16¢ 3.26~3.60+¢ - 4. 43¢ 2.67¢






Wrong tilt configurations in SGMF evaluation

B EUHT has already gave the clarification of the obvious typos of self evaluation in
page 70 of ’proponent_view_ Nufront_additional_info.pdf presented in ITU WP 5D
# 34 meeting

» The configuration of Mechanic tilt and Electronic tilt in Dens Urban — eMBB should be switched;

» Mechanic tilt should be 180° in Indoor Hotspot — eMBB 12 TRxP.

Dense Urban - eMBB

Reference value

| However, WrOng tllt Technical configuration from Nufront IMT- source 1 source 2 source 3 Source 4

MW ] W Wy T T [ I

) ) . Parameters 302018
configurations are still adopted = === . -~ — -
Wechanic it 1107 in GCS 1107 in GCS Same value w105 in GCS 1107 in GCS

in 5GMF evaluation. Tilt Elechonc i 0 nLCS o n LCS Same valie W30 1 LCS 0 nLCS
degree COnﬁguratiOnS have Handover margin (dB) 1 1 Same value Wl 1
big affect to the Dense urban inH - eMBB
- Technical configuration Reference value
and Indoor eMBB evaluation Parameters from Nufront iMT. | SOUree! souree? L e
Mechanic tilt 110% In GCS 110° In GCS Same value with IMT{110° in GCS
reSUltS’ SO the reSUItS are nOt Electronic tilt 90° In LCS 90° in LCS Same value with IMT{90° in LCS

correct .





Suggestions to SGMF NUFRONT

B Set the receiver MMSE-IRC instead of MMSE in evaluation

B Set the max spatial streams 8 instead of 2/4 in evaluation

B Set maximum modulation order 1024QAM instead of 256QAM in evaluation
B Set the scheduling algorithm PF instead of RR in evaluation

B Use the correct configurations in evaluation and refer to the EUHT specification
5D/222





NUFRONT

Thank You

W
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SpectralEfficiency -  01 InH-eMBB-v02.xlsx


SpectralEfficiency - 01 InH-eMBB-v02.xlsx
DL_Para_4GHz

		InH - eMBB

		Technical configuration Parameters		Reference value from Nufront IMT-2020/18		Source1		Source2		Source3

		Multiple access		OFDMA		OFDMA		Same value with IMT-2020/18		OFDMA

		Duplexing		TDD		TDD		Same value with IMT-2020/18		TDD

		Network synchronization		Synchronized		Synchronized		Same value with IMT-2020/18		Synchronized

		Modulation		Up to 1024 QAM		Up to 1024 QAM		Same value with IMT-2020/18		Up to 256 QAM

		Coding on data channel		LDPC		LDPC		Same value with IMT-2020/18		LDPC

		Subcarrier spacing		78.125 kHz SCS		78.125 kHz 		Same value with IMT-2020/18		78.125 kHz 

		Simulation bandwidth		20MHz		20MHz		Same value with IMT-2020/18		20MHz

		Frame structure		DL:UL = 2:1		DL:UL = 2:1		Same value with IMT-2020/18		DL:UL = 3:1

		Transmission scheme		Adaptive SU/MU-MIMO		Adaptive SU/MU-MIMO		Same value with IMT-2020/18		Adaptive SU/MU-MIMO

		MU dimension		Maximum factor of 2 		Maximum factor of 2 		Same value with IMT-2020/18		Maximum factor of 4

		SU dimension		Up to 8 layers		Up to 8 layers		Same value with IMT-2020/18		Up to 2 layers

		DL-SCH transmission		8 DL-SCH ports in 20MHz bandwidth; 2symbols per 20ms		8 DL-SCH ports in 20MHz bandwidth; 2symbols per 20ms		Same value with IMT-2020/18		8 DL-SCH ports in 20MHz bandwidth

		CSI feedback		CSI: every 20ms		CSI: every 20ms		Same value with IMT-2020/18		10ms period

		Interference measurement		SU-CQI		SU-CQI		Same value with IMT-2020/18		SU-CQI, 10ms period

		ACK/NACK delay		Current frame		Current frame		Same value with IMT-2020/18		Current frame

		Re-transmission delay		Next available frame		Next available frame		Same value with IMT-2020/18		Next available frame

		Antenna configuration at TRxP		8Tx, (8,4,2,1,1; 1,4)		8Tx, (8,4,2,1,1; 1,4)		Same value with IMT-2020/18		8Tx, (8,4,2,1,1; 1,4)

		Antenna configuration at UE		8Rx, (1,4,2,1,1; 1,4)		8Rx, (1,4,2,1,1; 1,4)		Same value with IMT-2020/18		8Rx, (1,4,2,1,1; 1,4)

		Scheduling		PF		PF		Same value with IMT-2020/18		RR

		Receiver		Kbest		MMSE		MMSE		MMSE

		Channel estimation		Non-ideal		Non-ideal		Same value with IMT-2020/18		Non-ideal

		System configuration parameters

		TRxP number per site		3;		1 TRxP per site (12 TRxP); 
3 TRxP per site (36 TRxP);		1		3 TRxP per site (36 TRxP);

		Mechanic tilt		110° in GCS		110° in GCS		Same value with IMT-2020/18		110° in GCS

		Electronic tilt		90° in LCS		90° in LCS		Same value with IMT-2020/18		90° in LCS

		Handover margin (dB)		1		1		Same value with IMT-2020/18		0

		Wrapping around method		Geographical distance based wrapping		No wrap around		Same value with IMT-2020/18		No wrap around

		Criteria for selection for serving TRxP		Maximizing RSRP where the digital beamforming is not considered		Maximizing RSRP where the digital beamforming is not considered		Same value with IMT-2020/18		Maximizing RSRP

		Note: Other system configuration parameters align with Report ITU-R M.2412.





UL_Para_4GHz

		InH - eMBB

		Technical configuration Parameters		Reference value from Nufront IMT-2020/18		Source 1		Source 2		Source 3

		Multiple access		OFDMA		OFDMA		Same value with IMT-2020/18		OFDMA

		Duplexing		TDD		TDD		Same value with IMT-2020/18		TDD

		Network synchronization		Synchronized		Synchronized		Same value with IMT-2020/18		Synchronized

		Modulation		Up to 1024 QAM		Up to 1024 QAM		Same value with IMT-2020/18		Up to 256 QAM

		Coding on PUSCH		LDPC		LDPC		Same value with IMT-2020/18		LDPC

		Numerology		78.125 kHz SCS		78.125 kHz 		Same value with IMT-2020/18		78.125 kHz 

		Simulation bandwdith		20 MHz		20MHz		Same value with IMT-2020/18		20MHz

		Frame structure		DL:UL = 2:1		DL:UL = 2:1		Same value with IMT-2020/18		DL:UL = 3:1

		Transmission scheme		Adaptive SU/MU-MIMO		Adaptive SU/MU-MIMO		Same value with IMT-2020/18		Adaptive SU/MU-MIMO

		MU dimension		Maximum factor of 2		Maximum factor of 2 		Same value with IMT-2020/18		Maximum factor of 4

		SU dimension		Up to 8 layers		Up to 8 layers		Same value with IMT-2020/18		Up to 2 layers

		UL-SCH transmission		8 UL-SCH  ports in 20MHz bandwidth; 2 symbols per 20ms		8 UL-SCH  ports in 20MHz bandwidth; 2 symbols per 20ms		Same value with IMT-2020/18		Sounding every 10ms

		Antenna configuration at TRxP		8Rx, (8,4,2,1,1; 1,4)		8Rx, (8,4,2,1,1; 1,4)		Same value with IMT-2020/18		8Rx, (8,4,2,1,1; 1,4)

		Antenna configuration at UE		8Tx, (1,4,2,1,1; 1,4)		8Tx, (1,4,2,1,1; 1,4)		Same value with IMT-2020/18		8Tx, (1,4,2,1,1; 1,4)

		UL re-transmission delay		Next available frame		Next available frame		Same value with IMT-2020/18		Next available frame

		Scheduling		PF		PF		Same value with IMT-2020/18		RR

		Receiver		Kbest		MMSE		MMSE		MMSE

		Channel estimation		Non-ideal		Non-ideal		Same value with IMT-2020/18		Non-ideal

		Power control parameter		P0=-60, alpha = 0.6		P0=-60, alpha = 0.6		Same value with IMT-2020/18		SNR target 16dB (P0 = noise power per RB + SNR target), alpha = 1.0



		System configuration parameters

		TRxP number per site		3		1 TRxP per site (12 TRxP); 
3 TRxP per site (36 TRxP);		1		
3 TRxP per site (36 TRxP);

		Mechanic tilt 		110° in GCS		110° in GCS		Same value with IMT-2020/18		110° in GCS

		Electronic tilt		90° in LCS		90° in LCS		Same value with IMT-2020/18		90° in LCS

		Handover margin (dB)		1		1		Same value with IMT-2020/18		0

		Wrapping around method		Geographical distance based wrapping		No wrap around		Same value with IMT-2020/18		No wrap around

		Criteria for selection for serving TRxP		Maximizing RSRP where the digital beamforming is not considered 		Maximizing RSRP where the digital beamforming is not considered 		Same value with IMT-2020/18		Maximizing RSRP 



		Other system configuration parameters align with Report ITU-R M.2412





DL_Para_30GHz

		InH - eMBB

		Technical configuration Parameters		Source 1

		Multiple access		OFDMA

		Duplexing		TDD

		Network synchronization		Synchronized

		Modulation		Up to 1024 QAM

		Coding on data channel		LDPC

		Subcarrier spacing		390.625 kHz 

		Simulation bandwidth		100MHz

		Frame structure		DL:UL = 2:1

		Transmission scheme		Adaptive SU/MU-MIMO

		MU dimension		Maximum factor of 2 

		SU dimension		Up to 8 layers

		DL-SCH transmission		8 DL-SCH ports in 100MHz bandwidth; 10 symbols per 20ms

		CSI feedback		CSI: every 20ms

		Interference measurement		SU-CQI

		ACK/NACK delay		Current frame

		Re-transmission delay		Next available frame

		Antenna configuration at TRxP		8Tx, (8,4,2,1,1; 1,4)

		Antenna configuration at UE		8Rx, (1,4,2,1,1; 1,4)

		Scheduling		PF

		Receiver		MMSE

		Channel estimation		Non-ideal

		System configuration parameters

		TRxP number per site		1 TRxP per site (12 TRxP); 
3 TRxP per site (36 TRxP);

		Mechanic tilt		110° in GCS

		Electronic tilt		90° in LCS

		Handover margin (dB)		1

		Wrapping around method		No wrap around

		Criteria for selection for serving TRxP		Maximizing RSRP where the digital beamforming is not considered 

		Other system configuration parameters align with Report ITU-R M.2412





UL_Para_30GHz

		InH - eMBB

		Technical configuration Parameters		Source 1

		Multiple access		OFDMA

		Duplexing		TDD

		Network synchronization		Synchronized

		Modulation		Up to 1024 QAM

		Coding on UL TCH		LDPC

		Numerology		390.625 kHz 

		Simulation bandwdith		100MHz

		Frame structure		DL:UL = 2:1

		Transmission scheme		Adaptive SU/MU-MIMO

		MU dimension		Maximum factor of 2 

		SU dimension		Up to 8 layers

		UL-SCH transmission		8 UL-SCH ports in 100MHz bandwidth; 10 symbols per 20ms

		Antenna configuration at TRxP		8Rx, (8,4,2,1,1; 1,4)

		Antenna configuration at UE		8Tx, (1,4,2,1,1; 1,4)

		UL re-transmission delay		Next available frame

		Scheduling		PF

		Receiver		MMSE

		Channel estimation		Non-ideal

		Power control parameter		P0=-60, alpha = 0.6



		System configuration parameters

		TRxP number per site		1 TRxP per site (12 TRxP); 
3 TRxP per site (36 TRxP);

		Mechanic tilt		110° in GCS

		Electronic tilt		90° in LCS

		Handover margin (dB)		1

		Wrapping around method		No wrap around

		Criteria for selection for serving TRxP		Maximizing RSRP where the digital beamforming is not considered 





DL_OH

		Configuration A (4GHz): 
20 MHz BW, 78.125kHz SCS, 20ms duration		Indoor Hotspot - eMBB				DL_OH_Para		DL_OH
(symbols/20ms)				Source 3

				Overhead assumption				EUHT TDD

				IMT bands		CCH		1 symbol per 2ms (per frame)		10

						DL-SCH		2 symbols per 20ms, 8 ports for 8Tx		2

						DRS		For 8Tx: Up to 8 ports; 12 symbols per 2ms		120

						GI		1  symbol per 2ms		10

						Preamble		1 short preamble  symbol and 1 long preamble symbol per 2ms		20

						SICH		1 symbol per 2ms		10

						Total symbols		93 symbols per 2ms		930

						Total OH				172

						Total OH (%)				18.49%				14% fixed + dynamic reference signal OH



				Note 1: the overhead assumption is the same with IMT-2020/18 EUHT



				Note 2: the overhead assumption of Configuration B (30GHz) is assumed as 18.49%, which is the same with Configuration A (4GHz)









UL_OH

		Configuration A (4GHz): 
20 MHz BW, 78.125kHz SCS, 20ms duration		Indoor Hotspot - eMBB				UL_OH_Para		UL_OH (symbols/20ms)				Source 3

				Overhead assumption				EUHT TDD

				IMT bands		UL-SRCH		2 symbols per 20ms (per 10 frames)		2

						UL-RACH		1 symbol per 2ms (per frame)		10

						DRS		For 8Tx: Up to 8 ports;   6 symbols per 2ms		60

						UL-SCH		20 ms period, 8 ports for 8Tx; 2symbols per 20ms		2

						GI		1  symbol per 2ms		10

						Total symbols		46 symbols per 2ms		460

						Total OH				84

						Total OH (%)				18.26%				14% fixed + dynamic reference signal OH





				Note 1: the overhead assumption is the same with IMT-2020/18 EUHT

				Note 2: the overhead assumption of Configuration B (30GHz) is assumed as 18.26%, which is the same with Configuration A (4GHz)

												 





Results_4GHz_12TRxP

		Channel model A		RIT		Antenna and TXRU mapping		Numerology		Frame structure		Req.				Source 1		Source 2		Mean		Var		Number of samples		vs. Req.						Channel model B		Source 1		Source 2		Mean		Var		Number of samples		vs. Req.

		DL Spectral efficiency		TDD																												DL Spectral efficiency

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		9		7.34		7.344		7.342				2		LESS								7.35				7.35				1		LESS

												5th percentile [bit/s/Hz]		0.3		0.240		0.237		0.2385				2		LESS								0.230				0.23				1		LESS





		UL spectral efficiency		TDD																												UL spectral efficiency

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		6.75		3.93		4.09		4.01				2		LESS								3.98				3.98				1		LESS

												5th percentile [bit/s/Hz]		0.21		0.160		0.173		0.1665				2		LESS								0.180				0.18				1		LESS







Results_4GHz_36TRxP

		Channel model A		RIT		Antenna and TXRU mapping		Numerology		Frame structure		Req.				Source 1		Source 2		Mean		Var		Number of samples		vs. Req.						Channel model B		Source 1		Source 2		Source 3		Mean		Var		Number of samples		vs. Req.

		DL Spectral efficiency		TDD																												DL Spectral efficiency

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		9		4.99				4.99				1		LESS								4.93				5.56		5.245				2		LESS

												5th percentile [bit/s/Hz]		0.3		0.030				0.03				1		LESS								0.070				0.101		0.0855				2		LESS





		UL spectral efficiency		TDD																												UL spectral efficiency

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		6.75		2.71				2.71				1		LESS								2.76				2.34		2.55				2		LESS

												5th percentile [bit/s/Hz]		0.21		0.080				0.08				1		LESS								0.080				0.106		0.093				2		LESS









Results_30GHz_12TRxP

		Channel model A/B		RIT		Antenna and TXRU mapping		Numerology		Frame structure		Req.				Source 1				Mean		Var		Number of samples		vs. Req.

		DL Spectral efficiency		TDD

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		9		5.42				5.42				1		LESS

												5th percentile [bit/s/Hz]		0.3		0.060				0.06				1		LESS





		UL spectral efficiency		TDD

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		6.75		2.48				2.478				1		LESS

												5th percentile [bit/s/Hz]		0.21		0.05				0.05				1		LESS







Results_30GHz_36TRxP

		Channel model A/B		RIT		Antenna and TXRU mapping		Numerology		Frame structure		Req.				Source 1				Mean		Var		Number of samples		vs. Req.

		DL Spectral efficiency		TDD

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		9		4.77				4.77				1		LESS

												5th percentile [bit/s/Hz]		0.3		0.010				0.01				1		LESS





		UL spectral efficiency		TDD

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		6.75		3.61				3.61				1		LESS

												5th percentile [bit/s/Hz]		0.21		0.100				0.1				1		LESS
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DL_Para_4GHz

		Dense Urban - eMBB

		Technical configuration Parameters		Reference value from Nufront IMT-2020/18		Source 1		Source 2		Source 3		Source 4

		Multiple access		OFDMA		OFDMA		Same value with IMT-2020/18		OFDMA		OFDMA

		Duplexing		TDD		TDD		Same value with IMT-2020/18		TDD		TDD

		Network synchronization		Synchronized		Synchronized		Same value with IMT-2020/18		Synchronized		Synchronized

		Modulation		Up to 1024 QAM		Up to 1024 QAM		Same value with IMT-2020/18		Up to 256 QAM		Up to 1024 QAM

		Coding on DL TCH		LDPC		LDPC		Same value with IMT-2020/18		LDPC		LDPC

		Numerology		78.125 kHz SCS		78.125 kHz SCS		Same value with IMT-2020/18		78.125 kHz 		78.125 kHz SCS

		Simulation bandwdith		20MHz		20MHz		Same value with IMT-2020/18		20MHz		20MHz

		Frame structure		DL:UL = 2:1		DL:UL = 2:1		Same value with IMT-2020/18		DL:UL = 3:1		DL:UL = 2:1

		Transmission scheme		Adaptive SU/MU-MIMO		Adaptive SU/MU-MIMO		Same value with IMT-2020/18		Adaptive SU/MU-MIMO		Adaptive SU/MU-MIMO

		MU dimension		Maximum factor of 4		Maximum factor of 4		Same value with IMT-2020/18		Maximum factor of 4		Maximum factor of 4

		SU dimension		Up to 8 layers		Up to 8 layers		Same value with IMT-2020/18		Up to 2 layers		Up to 8 layers

		DL-SCH transmission		8 DL-SCH ports in 20MHz bandwidth; 2symbols per 20ms		8 DL-SCH ports in 20MHz bandwidth; 2symbols per 20ms		Same value with IMT-2020/18		8 DL-SCH ports in 20MHz bandwidth		8 DL-SCH ports in 20MHz bandwidth; 2symbols per 20ms

		CSI feedback		CSI: every 20ms		CSI: every 20ms		Same value with IMT-2020/18		10ms period		CSI: every 20ms

		Interference measurement		SU-CQI		SU-CQI		Same value with IMT-2020/18		SU-CQI, 10ms period		SU-CQI

		ACK/NACK delay		Current frame		Current frame		Same value with IMT-2020/18		Current frame		Current frame

		Re-transmission delay		Next available frame		Next available frame		Same value with IMT-2020/18		Next available frame		Next available frame

		Antenna configuration at TRxP		8Rx, (8,4,2,1,1; 1,4)		8Rx, (8,4,2,1,1; 1,4)		Same value with IMT-2020/18		8Tx, (8,4,2,1,1; 1,4)		8Tx, (8,4,2,1,1; 1,4)

		Antenna configuration at UE		8Tx, (1,4,2,1,1; 1,4)		8Tx, (1,4,2,1,1; 1,4)		Same value with IMT-2020/18		8Rx, (1,4,2,1,1; 1,4)		8Rx, (1,4,2,1,1; 1,4)

		Scheduling		PF		PF		Same value with IMT-2020/18		RR		PF

		Receiver		Kbest		MMSE		MMSE		MMSE		MMSE

		Channel estimation		Non-ideal		Non-ideal		Same value with IMT-2020/18		Non-ideal		Non-ideal

		System configuration parameters

		TRxP number per site		3;		3		Same value with IMT-2020/18		3		3

		Mechanic tilt 		110° in GCS		110° in GCS		Same value with IMT-2020/18		105° in GCS		110° in GCS

		Electronic tilt		90° in LCS		90° in LCS		Same value with IMT-2020/18		90° in LCS		90° in LCS

		Handover margin (dB)		1		1		Same value with IMT-2020/18		0		1

		Wrapping around method		Geographical distance based wrapping		Geographical distance based wrapping		Same value with IMT-2020/18		Radio-based wrap-around		Geographical distance based wrapping

		Criteria for selection for serving TRxP		Maximizing RSRP where the digital beamforming is not considered		Maximizing RSRP where the digital beamforming is not considered		Same value with IMT-2020/18		Maximizing RSRP		Maximizing RSRP 

		Coding and Modulation on CCH										Normal mode: LDPC and MCS101; 
Low-error mode: TBCC with code rate = 1/2, QPSK, Repetition 12

		Criteria for selection for mode										Considering current SE value and TCH BLER

		TCH Modulation and coding in low-error mode										LDPC with code rate = 1/2 or 4/7 , QPSK, Maximum Repetition 12





		Note: Other system configuration parameters align with Report ITU-R M.2412.

































































































































UL_Para_4GHz

		Dense Urban - eMBB

		Technical configuration Parameters		Reference value from Nufront IMT-2020/18		Source 1		Source 2		Source 3

		Multiple access		OFDMA		OFDMA		Same value with IMT-2020/18		OFDMA

		Duplexing		TDD		TDD		Same value with IMT-2020/18		TDD

		Network synchronization		Synchronized		Synchronized		Same value with IMT-2020/18		Synchronized

		Modulation		Up to 1024 QAM		Up to 1024 QAM		Same value with IMT-2020/18		Up to 256 QAM

		Coding on UL TCH		LDPC		LDPC		Same value with IMT-2020/18		LDPC

		Numerology		78.125 kHz SCS		78.125 kHz 		Same value with IMT-2020/18		78.125 kHz 

		Simulation bandwdith		20 MHz		20MHz		Same value with IMT-2020/18		20MHz

		Frame structure		DL:UL = 2:1		DL:UL = 2:1		Same value with IMT-2020/18		DL:UL = 3:1

		Transmission scheme		Adaptive SU/MU-MIMO		Adaptive SU/MU-MIMO		Same value with IMT-2020/18		Adaptive SU/MU-MIMO

		MU dimension		Maximum factor of 4		Maximum factor of 4		Same value with IMT-2020/18		Maximum factor of 4

		SU dimension		Up to 8 layers		Up to 8 layers		Same value with IMT-2020/18		Up to 2 layers

		UL-SCH transmission		8 UL-SCH  ports in 20MHz bandwidth; 2 symbols per 20ms		8 UL-SCH ports in 20MHz bandwidth; 2symbols per 20ms		Same value with IMT-2020/18		Sounding every 10ms

		Antenna configuration at TRxP		8Rx, (8,4,2,1,1; 1,4)		8Rx, (8,4,2,1,1; 1,4)		Same value with IMT-2020/18		8Rx, (8,4,2,1,1; 1,4)

		Antenna configuration at UE		8Tx, (1,4,2,1,1; 1,4)		8Tx, (1,4,2,1,1; 1,4)		Same value with IMT-2020/18		8Tx, (1,4,2,1,1; 1,4)

		UL re-transmission delay		Next available frame		Next available frame		Same value with IMT-2020/18		Next available frame

		Scheduling		PF		PF		Same value with IMT-2020/18		RR

		Receiver		Kbest		MMSE		MMSE		MMSE

		Channel estimation		Non-ideal		Non-ideal		Same value with IMT-2020/18		Non-ideal

		Power control parameter		P0=-60, alpha = 0.6		P0=-60, alpha = 0.6		Same value with IMT-2020/18		SNR target 16dB ( P0 = noise power per RB + SNR target), alpha = 1.0



		System configuration parameters

		TRxP number per site		3		3		Same value with IMT-2020/18		3

		Mechanic tilt 		110° in GCS		110° in GCS		Same value with IMT-2020/18		105° in GCS

		Electronic tilt		90° in LCS		90° in LCS		Same value with IMT-2020/18		90° in LCS

		Handover margin (dB)		1		1		Same value with IMT-2020/18		0

		Wrapping around method		Geographical distance based wrapping		Geographical distance based wrapping		Same value with IMT-2020/18		Radio-based wrap-around

		Criteria for selection for serving TRxP		Maximizing RSRP where the digital beamforming is not considered 		Maximizing RSRP where the digital beamforming is not considered 		Same value with IMT-2020/18		Maximizing RSRP 







		Other system configuration parameters align with Report ITU-R M.2412



























































































DL_Para_30GHz

		Dense Urban - eMBB

		Technical configuration Parameters		Source 1

		Multiple access		OFDMA

		Duplexing		TDD

		Network synchronization		Synchronized

		Modulation		Up to 1024 QAM

		Coding on DL TCH		LDPC

		Numerology		390.625 kHz 

		Simulation bandwdith		100MHz

		Frame structure		DL:UL = 2:1

		Transmission scheme		Adaptive SU/MU-MIMO

		MU dimension		Maximum factor of 4

		SU dimension		Up to 8 layers

		DL-SCH transmission		8 DL-SCH ports in 100MHz bandwidth; 10 symbols per 20ms

		CSI feedback		CSI: every 20ms

		Interference measurement		SU-CQI

		ACK/NACK delay		Current frame

		Re-transmission delay		Next available frame

		Antenna configuration at TRxP		8Tx, (8,4,2,1,1; 1,4)

		Antenna configuration at UE		8Rx, (1,4,2,1,1; 1,4)

		Scheduling		PF

		Receiver		MMSE

		Channel estimation		Non-ideal

		System configuration parameters

		TRxP number per site		3

		Mechanic tilt		110° in GCS

		Electronic tilt		90° in LCS

		Handover margin (dB)		1

		Wrapping around method		Geographical distance based wrapping

		Criteria for selection for serving TRxP		Maximizing RSRP where the digital beamforming is not considered 

		Other system configuration parameters align with Report ITU-R M.2412





UL_Para_30GHz

		Dense Urban - eMBB

		Technical configuration Parameters		Source 1

		Multiple access		OFDMA

		Duplexing		TDD

		Network synchronization		Synchronized

		Modulation		Up to 1024 QAM

		Coding on UL TCH		LDPC

		Numerology		390.625 kHz 

		Simulation bandwdith		100MHz

		Frame structure		DL:UL = 2:1

		Transmission scheme		Adaptive SU/MU-MIMO

		MU dimension		Maximum factor of 4

		SU dimension		Up to 8 layers

		UL-SCH transmission		8 UL-SCH  ports in 100MHz bandwidth; 10 symbols per 20ms

		Antenna configuration at TRxP		8Rx, (8,4,2,1,1; 1,4)

		Antenna configuration at UE		8Tx, (1,4,2,1,1; 1,4)

		UL re-transmission delay		Next available frame

		Scheduling		PF

		Receiver		Kbest

		Channel estimation		Non-ideal

		Power control parameter		P0=-60, alpha = 0.6



		System configuration parameters

		TRxP number per site		3

		Mechanic tilt 		110° in GCS

		Electronic tilt		90° in LCS

		Handover margin (dB)		1

		Wrapping around method		Geographical distance based wrapping

		Criteria for selection for serving TRxP		Maximizing RSRP where the digital beamforming is not considered 





DL_OH

		Configuration A (4GHz): 
20 MHz BW, 78.125kHz SCS, 20ms duration		Indoor Hotspot - eMBB				DL_OH_Para		DL_OH
(symbols/20ms)				Source 3		Source 4

				Overhead assumption				EUHT TDD

				IMT bands		CCH		1 symbol per 2ms (per frame)		10

						DL-SCH		2 symbols per 20ms, 8 ports for 8Tx		2

						DRS		For 8Tx: Up to 8 ports; 12 symbols per 2ms		120

						GI		1  symbol per 2ms		10

						Preamble		1 short preamble  symbol and 1 long preamble symbol per 2ms		20

						SICH		1 symbol per 2ms		10

						Total symbols		93 symbols per 2ms		930

						Total OH				172

						Total OH (%)				18.49%				14% fixed + dynamic reference signal OH		18.49% in normal mode;
dynamic OH in low-error mode



				Note 1: the overhead assumption is the same with IMT-2020/18 EUHT



				Note 2: the overhead assumption of Configuration B (30GHz) is assumed as 18.49%, which is the same with Configuration A (4GHz)









UL_OH

		Configuration A (4GHz): 
20 MHz BW, 78.125kHz SCS, 20ms duration		Indoor Hotspot - eMBB				UL_OH_Para		UL_OH (symbols/20ms)				Source 3		Source 4

				Overhead assumption				EUHT TDD

				IMT bands		UL-SRCH		2 symbols per 20ms (per 10 frames)		2

						UL-RACH		1 symbol per 2ms (per frame)		10

						DRS		For 8Tx: Up to 8 ports;   6 symbols per 2ms		60

						UL-SCH		20 ms period, 8 ports for 8Tx; 2symbols per 20ms		2

						GI		1  symbol per 2ms		10

						Total symbols		46 symbols per 2ms		460

						Total OH				84

						Total OH (%)				18.26%				14% fixed + dynamic reference signal OH		18.26% in normal mode;
dynamic OH in low-error mode





				Note 1: the overhead assumption is the same with IMT-2020/18 EUHT

				Note 2: the overhead assumption of Configuration B (30GHz) is assumed as 18.26%, which is the same with Configuration A (4GHz)

												 





Results_4GHz

		Channel model A		RIT		Antenna and TXRU mapping		Numerology		Frame structure		Req.				Source 1		Source 2		Source 4		Mean		Var		Number of samples		vs. Req.						Channel model B		Source 1		Source 2		Source 3		Source 4		Mean		Var		Number of samples		vs. Req.

		DL Spectral efficiency		TDD																														DL Spectral efficiency

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		7.8		7.68		7.411		6.55		7.2136666667				3		LESS								7.74				8.08		6.42		7.4133333333				3		LESS

												5th percentile [bit/s/Hz]		0.225		0.25		0.284		0.09		0.208				3		LESS								0.22				0.231		0.05		0.167				3		LESS





		UL spectral efficiency		TDD																														UL spectral efficiency

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		5.4		3.58		3.623				3.6015				2		LESS								3.71				4.42				4.065				2		LESS

												5th percentile [bit/s/Hz]		0.15		0.1		0.09				0.095				2		LESS								0.08				0.202				0.141				2		LESS







Results_30GHz

		Channel model A/B		RIT		Antenna and TXRU mapping		Numerology		Frame structure		Req.				Source 1		Source 2		Mean		Var		Number of samples		vs. Req.

		DL Spectral efficiency		TDD

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		7.8		5.53				5.53				1		LESS

												5th percentile [bit/s/Hz]		0.225		0.001				0.001				1		LESS





		UL spectral efficiency		TDD

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		5.4		1.70				1.7				1		LESS

												5th percentile [bit/s/Hz]		0.15		0.000				0				1		LESS
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UL_Para_configuration A_700MHz

		Dense Urban - eMBB

		Technical configuration Parameters		Source 4

		Multiple access		OFDMA

		Duplexing		TDD

		Network synchronization		Synchronized

		Modulation		Up to 256QAM

		Coding on PUSCH		LDPC

		Numerology		78.125 kHz

		Guard band ratio on simulation bandwidth

		Simulation bandwdith		20 MHz

		Frame structure		DL:UL = 2:1

		Transmission scheme		Adaptive SU/MU-MIMO

		SU dimension		Up to 8 layers

		Codeword (CW)-to-layer mapping		up to two CWs

		UL-SCH transmission		8 UL-SCH  ports in 20MHz bandwidth; 2 symbols per 20ms

		Antenna configuration at TRxP		8Rx, (8,4,2,1,1; 1,4)

		Antenna configuration at UE		4Tx, (1,2,2,1,1; 1,2)

		UL re-transmission delay		Next available frame

		Scheduling		PF

		Receiver		MMSE

		Channel estimation		Non-ideal

		Power control parameter		P0=-60, alpha = 0.6



		System configuration parameters

		Mechanic tilt 		90° in GCS

		Electronic tilt		100° in LCS

		Wrapping around method		Geographical distance based wrapping

		Criteria for selection for serving TRxP		Maximizing RSRP 

		Coding and Modulation on CCH		Normal mode: LDPC and MCS101; 
Low-error mode: TBCC with code rate = 1/2, QPSK, Repetition 12

		Criteria for selection for mode		Considering current SE value and TCH BLER

		TCH Modulation and coding in low-error mode		LDPC with code rate = 1/2 or 4/7 , QPSK, Maximum Repetition 12



		Other system configuration parameters align with Report ITU-R M.2412





UL_Para_configuration B_4GHz

		Dense Urban - eMBB

		Technical configuration Parameters		Reference value from Nufront IMT-2020/18		Source 1		Source 3		Source 4

		Multiple access		OFDMA		OFDMA		OFDMA		OFDMA

		Duplexing		TDD		TDD		TDD		TDD

		Network synchronization		Synchronized		Synchronized		Synchronized		Synchronized

		Modulation		Up to 256QAM		Up to 256QAM		Up to 256 QAM		Up to 256QAM

		Coding on PUSCH		LDPC		LDPC		LDPC		LDPC

		Numerology		78.125 kHz		78.125 kHz		78.125 kHz 		78.125 kHz

		Guard band ratio on simulation bandwidth		10.16%		10.16%		10.00%		10.16%

		Simulation bandwdith		20 MHz		20 MHz		20MHz		20 MHz

		Frame structure		DL:UL = 2:1		DL:UL = 2:1		DL:UL = 3:1		DL:UL = 2:1

		Transmission scheme		Adaptive SU/MU-MIMO		Adaptive SU/MU-MIMO		Adaptive SU/MU-MIMO		Adaptive SU/MU-MIMO

		SU dimension		For 8Tx: Up to 8 layers		For 8Tx: Up to 8 layers		Up to 2 layers		Up to 8 layers

		Codeword (CW)-to-layer mapping		For 1~4 layers, CW1;
For 5 layers or more, two CWs		For 1~4 layers, CW1;
For 5 layers or more, two CWs				up to two CWs

		UL-SCH transmission		8 UL-SCH  ports in 20MHz bandwidth; 2 symbols per 20ms		8 UL-SCH  ports in 20MHz bandwidth; 2 symbols per 20ms		8 ports		8 UL-SCH  ports in 20MHz bandwidth; 2 symbols per 20ms

		Antenna configuration at TRxP		8R: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4)
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization		8R: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4)
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization		8Rx, (8,4,2,1,1; 1,4)		8Rx, (8,4,2,1,1; 1,4)

		Antenna configuration at UE		8T: (M,N,P,Mg,Ng; Mp,Np) =  (1,4,2,1,1; 1,4)       
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization		8T: (M,N,P,Mg,Ng; Mp,Np) =  (1,4,2,1,1; 1,4)       
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization		8Tx, (1,4,2,1,1; 1,4)		8Tx, (1,4,2,1,1; 1,4)

		UL re-transmission delay		Next available frame		Next available frame		Next available frame		Next available frame

		Scheduling		PF		PF		RR		PF

		Receiver		Kbest		MMSE		MMSE		MMSE

		Channel estimation		Non-ideal		Non-ideal		Non-ideal		Non-ideal

		Power control parameter		P0=-60, alpha = 0.6		P0=-60, alpha = 0.6		SNR target 16dB ( P0 = noise power per RB + SNR target), alpha = 1.0		P0=-60, alpha = 0.6



		System configuration parameters

		Mechanic tilt 		90° in GCS (pointing to horizontal direction)		90° in GCS (pointing to horizontal direction)		90° in GCS		90° in GCS

		Electronic tilt		100° in LCS		100° in LCS		100° in LCS		100° in LCS

		Wrapping around method		Geographical distance based wrapping		Geographical distance based wrapping		Radio-based wrap-around		Geographical distance based wrapping

		Criteria for selection for serving TRxP		Maximizing RSRP where the digital beamforming is not considered 		Maximizing RSRP where the digital beamforming is not considered 		Maximizing RSRP 		Maximizing RSRP 

		Coding and Modulation on CCH								Normal mode: LDPC and MCS101; 
Low-error mode: TBCC with code rate = 1/2, QPSK, Repetition 12

		Criteria for selection for mode								Considering current SE value and TCH BLER

		TCH Modulation and coding in low-error mode								LDPC with code rate = 1/2 or 4/7 , QPSK, Maximum Repetition 12



		Other system configuration parameters align with Report ITU-R M.2412









UL_OH

		Configuration A (4GHz): 
20 MHz BW, 78.125kHz SCS, 20ms duration		Indoor Hotspot - eMBB				UL_OH_Para		UL_OH (symbols/20ms)				Source 3		Source 4

				Overhead assumption				EUHT TDD

				IMT bands		UL-SRCH		2 symbols per 20ms (per 10 frames)		2

						UL-RACH		1 symbol per 2ms (per frame)		10

						DRS		For 8Tx: Up to 8 ports;   6 symbols per 2ms		60

						UL-SCH		20 ms period, 8 ports for 8Tx; 2symbols per 20ms		2

						GI		1  symbol per 2ms		10

						Total symbols		46 symbols per 2ms		460

						Total OH				84

						Total OH (%)				18.26%				14% fixed + dynamic reference signal OH		18.26% in normal mode;dynamic OH in low-error mode





				Note 1: the overhead assumption is the same with IMT-2020/18 EUHT



												 





Results_ configuration A_700MHz

		Channel model A		RIT		Antenna and TXRU mapping		Numerology		Frame structure		Req.										Source 4		Mean		Var		Number of samples		vs. Req.						Channel model B								Source 4		Mean		Var		Number of samples		vs. Req.

		DL Spectral efficiency		TDD																																DL Spectral efficiency

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		3.3										ERROR:#DIV/0!				0		--- N/A ---																ERROR:#DIV/0!				0		--- N/A ---

												5th percentile [bit/s/Hz]		0.12										ERROR:#DIV/0!				0		--- N/A ---																ERROR:#DIV/0!				0		--- N/A ---





		UL spectral efficiency		TDD																																UL spectral efficiency

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		1.6								3.14		3.14				1		GRET														3.16		3.16				1		GRET

												5th percentile [bit/s/Hz]		0.045								0.04		0.04				1		LESS														0.04		0.04				1		LESS







Results_ configuration B_4GHz

		Channel model A		RIT		Antenna and TXRU mapping		Numerology		Frame structure		Req.				Source 1						Source 4		Mean		Var		Number of samples		vs. Req.						Channel model B		Source 1				Source 3				Mean		Var		Number of samples		vs. Req.

		DL Spectral efficiency		TDD																																DL Spectral efficiency

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		3.3										ERROR:#DIV/0!				0		--- N/A ---																ERROR:#DIV/0!				0		--- N/A ---

												5th percentile [bit/s/Hz]		0.12										ERROR:#DIV/0!				0		--- N/A ---																ERROR:#DIV/0!				0		--- N/A ---





		UL spectral efficiency		TDD																																UL spectral efficiency

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		1.6		3.60						2.67		3.135				2		GRET								3.26				4.43				3.85				2		GRET

												5th percentile [bit/s/Hz]		0.045		0.017						0.002		0.0095				2		LESS								0.002				0.037				0.020				2		LESS
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UL_Para_configuration A_700MHz

		Dense Urban - eMBB

		Technical configuration Parameters		Source 4

		Multiple access		OFDMA

		Duplexing		TDD

		Network synchronization		Synchronized

		Modulation		Up to 256QAM

		Coding on PUSCH		LDPC

		Numerology		78.125 kHz

		Guard band ratio on simulation bandwidth

		Simulation bandwdith		20 MHz

		Frame structure		DL:UL = 2:1

		Transmission scheme		Adaptive SU/MU-MIMO

		SU dimension		Up to 8 layers

		Codeword (CW)-to-layer mapping		up to two CWs

		UL-SCH transmission		8 UL-SCH  ports in 20MHz bandwidth; 2 symbols per 20ms

		Antenna configuration at TRxP		8Rx, (8,4,2,1,1; 1,4)

		Antenna configuration at UE		4Tx, (1,2,2,1,1; 1,2)

		UL re-transmission delay		Next available frame

		Scheduling		PF

		Receiver		MMSE

		Channel estimation		Non-ideal

		Power control parameter		P0=-60, alpha = 0.6



		System configuration parameters

		Mechanic tilt 		90° in GCS

		Electronic tilt		100° in LCS

		Wrapping around method		Geographical distance based wrapping

		Criteria for selection for serving TRxP		Maximizing RSRP 

		Coding and Modulation on CCH		Normal mode: LDPC and MCS101; 
Low-error mode: TBCC with code rate = 1/2, QPSK, Repetition 12

		Criteria for selection for mode		Considering current SE value and TCH BLER

		TCH Modulation and coding in low-error mode		LDPC with code rate = 1/2 or 4/7 , QPSK, Maximum Repetition 12



		Other system configuration parameters align with Report ITU-R M.2412





UL_Para_configuration B_4GHz

		Dense Urban - eMBB

		Technical configuration Parameters		Reference value from Nufront IMT-2020/18		Source 1		Source 3		Source 4

		Multiple access		OFDMA		OFDMA		OFDMA		OFDMA

		Duplexing		TDD		TDD		TDD		TDD

		Network synchronization		Synchronized		Synchronized		Synchronized		Synchronized

		Modulation		Up to 256QAM		Up to 256QAM		Up to 256 QAM		Up to 256QAM

		Coding on PUSCH		LDPC		LDPC		LDPC		LDPC

		Numerology		78.125 kHz		78.125 kHz		78.125 kHz 		78.125 kHz

		Guard band ratio on simulation bandwidth		10.16%		10.16%		10.00%		10.16%

		Simulation bandwdith		20 MHz		20 MHz		20MHz		20 MHz

		Frame structure		DL:UL = 2:1		DL:UL = 2:1		DL:UL = 2:1		DL:UL = 2:1

		Transmission scheme		Adaptive SU/MU-MIMO		Adaptive SU/MU-MIMO		Adaptive SU/MU-MIMO		Adaptive SU/MU-MIMO

		SU dimension		For 8Tx: Up to 8 layers		For 8Tx: Up to 8 layers		Up to 2 layers		Up to 8 layers

		Codeword (CW)-to-layer mapping		For 1~4 layers, CW1;
For 5 layers or more, two CWs		For 1~4 layers, CW1;
For 5 layers or more, two CWs				up to two CWs

		UL-SCH transmission		8 UL-SCH  ports in 20MHz bandwidth; 2 symbols per 20ms		8 UL-SCH  ports in 20MHz bandwidth; 2 symbols per 20ms		8 ports		8 UL-SCH  ports in 20MHz bandwidth; 2 symbols per 20ms

		Antenna configuration at TRxP		8R: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4)
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization		8R: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4)
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization		8Rx, (8,4,2,1,1; 1,4)		8Rx, (8,4,2,1,1; 1,4)

		Antenna configuration at UE		8T: (M,N,P,Mg,Ng; Mp,Np) =  (1,4,2,1,1; 1,4)       
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization		8T: (M,N,P,Mg,Ng; Mp,Np) =  (1,4,2,1,1; 1,4)       
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization		8Tx, (1,4,2,1,1; 1,4)		8Tx, (1,4,2,1,1; 1,4)

		UL re-transmission delay		Next available frame		Next available frame		Next available frame		Next available frame

		Scheduling		PF		PF		PF		PF

		Receiver		Kbest		MMSE		MMSE		MMSE

		Channel estimation		Non-ideal		Non-ideal		Non-ideal		Non-ideal

		Power control parameter		P0=-60, alpha = 0.6		P0=-60, alpha = 0.6		SNR target 16dB ( P0 = noise power per RB + SNR target), alpha = 1.0		P0=-60, alpha = 0.6



		System configuration parameters

		Mechanic tilt 		90° in GCS (pointing to horizontal direction)		90° in GCS (pointing to horizontal direction)		90° in GCS		90° in GCS

		Electronic tilt		100° in LCS		100° in LCS		100° in LCS		100° in LCS

		Wrapping around method		Geographical distance based wrapping		Geographical distance based wrapping		Radio-based wrap-around		Geographical distance based wrapping

		Criteria for selection for serving TRxP		Maximizing RSRP where the digital beamforming is not considered 		Maximizing RSRP where the digital beamforming is not considered 		Maximizing RSRP 		Maximizing RSRP 

		Coding and Modulation on CCH								Normal mode: LDPC and MCS101; 
Low-error mode: TBCC with code rate = 1/2, QPSK, Repetition 12

		Criteria for selection for mode								Considering current SE value and TCH BLER

		TCH Modulation and coding in low-error mode								LDPC with code rate = 1/2 or 4/7 , QPSK, Maximum Repetition 12

		Other  						Uplink inter-cell interference model updated to reflect multiple interferers per cell due to MU-MIMO 

		Other system configuration parameters align with Report ITU-R M.2412









UL_OH

		Configuration A (4GHz): 
20 MHz BW, 78.125kHz SCS, 20ms duration		Indoor Hotspot - eMBB				UL_OH_Para		UL_OH (symbols/20ms)				Source 3		Source 4

				Overhead assumption				EUHT TDD

				IMT bands		UL-SRCH		2 symbols per 20ms (per 10 frames)		2

						UL-RACH		1 symbol per 2ms (per frame)		10

						DRS		For 8Tx: Up to 8 ports;   6 symbols per 2ms		60

						UL-SCH		20 ms period, 8 ports for 8Tx; 2symbols per 20ms		2

						GI		1  symbol per 2ms		10

						Total symbols		46 symbols per 2ms		460

						Total OH				84

						Total OH (%)				18.26%				14% fixed + dynamic reference signal OH		18.26% in normal mode;dynamic OH in low-error mode





				Note 1: the overhead assumption is the same with IMT-2020/18 EUHT



												 





Results_ configuration A_700MHz

		Channel model A		RIT		Antenna and TXRU mapping		Numerology		Frame structure		Req.										Source 4		Mean		Var		Number of samples		vs. Req.						Channel model B								Source 4		Mean		Var		Number of samples		vs. Req.

		DL Spectral efficiency		TDD																																DL Spectral efficiency

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		3.3										ERROR:#DIV/0!				0		--- N/A ---																ERROR:#DIV/0!				0		--- N/A ---

												5th percentile [bit/s/Hz]		0.12										ERROR:#DIV/0!				0		--- N/A ---																ERROR:#DIV/0!				0		--- N/A ---





		UL spectral efficiency		TDD																																UL spectral efficiency

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		1.6								3.14		3.14				1		GRET														3.16		3.16				1		GRET

												5th percentile [bit/s/Hz]		0.045								0.04		0.04				1		LESS														0.04		0.04				1		LESS







Results_ configuration B_4GHz

		Channel model A		RIT		Antenna and TXRU mapping		Numerology		Frame structure		Req.				Source 1						Source 4		Mean		Var		Number of samples		vs. Req.						Channel model B		Source 1				Source 3				Mean		Var		Number of samples		vs. Req.

		DL Spectral efficiency		TDD																																DL Spectral efficiency

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		3.3										ERROR:#DIV/0!				0		--- N/A ---																ERROR:#DIV/0!				0		--- N/A ---

												5th percentile [bit/s/Hz]		0.12										ERROR:#DIV/0!				0		--- N/A ---																ERROR:#DIV/0!				0		--- N/A ---





		UL spectral efficiency		TDD																																UL spectral efficiency

				EUHT		8x8 adaptive SU/MU -MIMO		78.125 kHz SCS		DL:UL = 2:1		Average [bit/s/Hz/TRxP]		1.6		3.60						2.67		3.135				2		GRET								3.26				3.99				3.63				2		GRET

												5th percentile [bit/s/Hz]		0.045		0.017						0.002		0.0095				2		LESS								0.002				0.0247				0.013				2		LESS
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Results_UserExp

				Configuration		Source and channel mode		Frame structure		Bandwidth [MHz]		Req.		EUHT
5th percentile [bit/s/Hz]		DL ratio		UL ratio		Carrier number		Assumed DL system bandwidth [MHz]		User exp. data rate [Mbps]		vs. Req.

		DL		TDD

				Configuration A		source1 and model A		2 : 1		100		100		0.25		0.6666666667		0.3333333333		1		100		16.67		LESS

				Configuration A		source1 and model B		2 : 1		100		100		0.22		0.6666666667		0.3333333333		1		100		14.67		LESS

				Configuration A		source2 and model A		2 : 1		100		100		0.28		0.6666666667		0.3333333333		1		100		18.93		LESS

				Configuration A		source3 and model B		3 : 1		100		100		0.23		0.75		0.25		1		100		17.33		LESS

				Configuration A		source4 and model A		2 : 1		100		100		0.09		0.6666666667		0.3333333333		1		100		6.00		LESS

				Configuration A		source4 and model B		2 : 1		100		100		0.05		0.6666666667		0.3333333333		1		100		3.33		LESS

				Configuration B		source1 and model A		2 : 1		400		100		0.00		0.6666666667		0.3333333333		1		400		0.27		LESS



		UL		TDD

				Configuration A		source1 and model A		2 : 1		100		50		0.10		0.6666666667		0.3333333333		1		100		3.33		LESS

				Configuration A		source1 and model B		2 : 1		100		50		0.08		0.6666666667		0.3333333333		1		100		2.67		LESS

				Configuration A		source2 and model A		2 : 1		100		50		0.09		0.6666666667		0.3333333333		1		100		3.00		LESS

				Configuration A		source3 and model B		3 : 1		100		50		0.20		0.75		0.25		1		100		5.05		LESS

				Configuration B		source1 and model A		2 : 1		400		50		0.00		0.6666666667		0.3333333333		1		400		0.00		LESS
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DL_SLS_Para

		Dense Urban - URLLC  DL

		Technical configuration Parameters		Reference value from Nufront IMT-2020/18		Source 1		Source 4

		Multiple access		OFDMA		OFDMA		OFDMA		

		Duplexing		TDD		TDD		TDD		

		Modulation		QPSK		QPSK		QPSK		

		Numerology		78.125 kHz SCS		78.125 kHz SCS		78.125 kHz SCS		

		Simulation bandwdith		20 MHz		20 MHz		20 MHz		

		Frame structure		DL:UL = 2:1		DL:UL = 2:1		DL:UL = 2:1		

		DLTransmission scheme		SU-MIMO		SU-MIMO		SU-MIMO		

		DL MU dimension		N/A		N/A		N/A		

		DL SU dimension		1		1		1		

		Antenna configuration at TRxP		8Tx, (8,4,2,1,1; 1,4)		8Tx, (8,4,2,1,1; 1,4)		8Tx, (8,4,2,1,1; 1,4)		

		Antenna configuration at UE		2Rx, (1,1,2,1,1; 1,1)		2Rx, (1,1,2,1,1; 1,1)		2Rx, (1,1,2,1,1; 1,1)		

		Scheduling		PF		PF		PF		

		Receiver		Kbest		MMSE		MMSE		v

		Channel estimation		Non-ideal		Non-ideal		Non-ideal		

										

		System configuration parameters								

		Carrier frequency for evaluation		4 GHz		4 GHz		4 GHz		

		UE speeds of interest		for indoor 3 km/h, for outdoor 30 km/h		for indoor 3 km/h, for outdoor 30 km/h		for indoor 3 km/h, for outdoor 30 km/h		

		TRxP number per site		3		3		3		

		Mechanic tilt 		90° in GCS (pointing to horizontal direction)		90° in GCS (pointing to horizontal direction)		90° in GCS		

		Electronic tilt		99 degree		99 degree		99 degree		

		Handover margin (dB)		1		1		1		

		Wrapping around method		Geographical distance based wrapping		Geographical distance based wrapping		Geographical distance based wrapping		

		Criteria for selection for serving TRxP		Maximizing RSRP where the digital beamforming is not considered 		Maximizing RSRP where the digital beamforming is not considered 		Maximizing RSRP 		

		Other system configuration parameters align with Report ITU-R M.2412





DL_LLS_Para

		Dense Urban - URLLC  DL

		Technical configuration Parameters		Reference value from Nufront IMT-2020/18		Source 1		Source 4

		Multiple access		Nufront claims to use non-OFDMA in  LLS and OFDMA in SLS		non-OFDMA(it uses the Nufront parameter, but we have the related comment on this )		non-OFDMA(it uses the Nufront parameter, but we have the related comment on this )		v

		Carrier frequency for evaluation		4 GHz		4 GHz		4 GHz		

		Waveform		CP-OFDM		CP-OFDM		CP-OFDM		

		Numerology		78.125 kHz SCS		78.125 kHz SCS		78.125 kHz SCS		

		Simulation bandwdith		20 MHz		20 MHz		20 MHz		

		Channel model		TDL-iii		TDL-iii		TDL-iii		

		Scaled delay spread		363ns		363ns		363ns		

		UE Speed		for indoor 3 km/h, for outdoor 30 km/h		3 km/h		3 km/h		v

		Antenna configuration at TRxP		8T		8T		8T		

		Antenna configuration at UE		2R		2R		2R		

		TXRU pattern at TRxP		0dBi Omni-directional		0dBi Omni-directional		0dBi Omni-directional		

		TXRU pattern at UE		0dBi Omni-directional		0dBi Omni-directional		0dBi Omni-directional		

		TCH Transmission mode		SU-MIMO 		SU-MIMO 		SU-MIMO 		

		TCH Modulation and coding		LDPC with code rate = 4/7, QPSK
Repetition 12		LDPC with code rate = 4/7, QPSK
Repetition 12(it uses the Nufront parameter, but we have the related comment on this )		LDPC with code rate = 4/7, QPSK
Repetition 12(it uses the Nufront parameter, but we have the related comment on this )		v

		Channel estimation		Realistic		Realistic		Realistic		

		CCH transmission scheme		56 bit payload includes CRC		56 bit payload includes CRC		56 bit payload includes CRC		

		CCH Modulation and coding		TBCC with code rate = 1/2, QPSK
Repetition 12		TBCC with code rate = 1/2, QPSK
Repetition 12		TBCC with code rate = 1/2, QPSK
Repetition 12		

		Packet size 		256 bit		256 bit		256 bit		

		DRS configuration		2 symbols		2 symbols		2 symbols		

		Preamble		Nufront claims that preamble is used to channel estimation for CCH and TCH in non-OFDMA (full RU OFDMA)  				Single and same low-error preamble among all cells. Mutiple-cell preambles are merged into one. So the channel estimation accuracy should be declined by the polluted preamble. 

		Note: 
Nufront claimed it uses the non-OFDMA in LLS and OFDMA in SLS in the Dec. 2019 online meeting for one reliability evaluation. If the OFDMA multiple access technology is applied,  the maximum repetition number is 4. If the non-OFDMA is applied, the repetition number can be more than 4. 
However, the SLS and LLS should use the same technology in one evaluation as M.2412. The observation about this issue is that Nufront did not align with IMT-2020 methodology in the document of IMT 2020/27





UL_SLS_Para

		Dense Urban - URLLC  UL

		Technical configuration Parameters		Reference value from Nufront IMT-2020/18		Source 1

		Multiple access		OFDMA		OFDMA				

		Duplexing		TDD		TDD				

		Modulation		QPSK		QPSK				

		Numerology		78.125 kHz SCS		78.125 kHz SCS				

		Simulation bandwdith		20 MHz		20 MHz				

		Frame structure		DL:UL = 2:1		DL:UL = 2:1				

		UL Transmission scheme		SU-MIMO		SU-MIMO				

		UL SU dimension		1		1				

		Antenna configuration at TRxP		8Rx, (8,4,2,1,1; 1,4)		8Rx, (8,4,2,1,1; 1,4)				

		Antenna configuration at UE		2Tx, (1,1,2,1,1; 1,1)		2Tx, (1,1,2,1,1; 1,1)				

		Scheduling		PF		PF				

		Receiver		Kbest		MMSE				v

		Channel estimation		Non-ideal		Non-ideal				

										

										

		System configuration parameters								

		Carrier frequency for evaluation		4 GHz		4 GHz				

		UE speeds of interest		for indoor 3 km/h, for outdoor 30 km/h		for indoor 3 km/h, for outdoor 30 km/h				

		TRxP number per site		3		3				

		Mechanic tilt 		90° in GCS (pointing to horizontal direction)		90° in GCS (pointing to horizontal direction)				

		Electronic tilt		99 degree		99 degree				

		Handover margin (dB)		1		1				

		Wrapping around method		Geographical distance based wrapping		Geographical distance based wrapping				

		Criteria for selection for serving TRxP		Maximizing RSRP where the digital beamforming is not considered 		Maximizing RSRP where the digital beamforming is not considered 				

		Other system configuration parameters align with Report ITU-R M.2412





UL_LLS_Para

		Dense Urban - URLLC  UL

		Technical configuration Parameters		Reference value from Nufront IMT-2020/18		Source 1

		Multiple access		Nufront claims to use non-OFDMA in  LLS and OFDMA in SLS		non-OFDMA(it uses the Nufront parameter, but we have the related comment on this )				v

		Carrier frequency for evaluation		4 GHz		4 GHz				

		Waveform		CP-OFDM		CP-OFDM				

		Numerology		78.125 kHz SCS		78.125 kHz SCS				

		Simulation bandwdith		20 MHz		20 MHz				

		Channel model		TDL-iii(NLOS)		TDL-iii(NLOS)				

		Scaled delay spread		363ns(NLOS)		363ns(NLOS)				

		UE Speed		for indoor 3 km/h, for outdoor 30 km/h		3 km/h				v

		Antenna configuration at TRxP		8R		8R				

		Antenna configuration at UE		2T		2T				

		TXRU pattern at TRxP		0dBi Omni-directional		0dBi Omni-directional				

		TXRU pattern at UE		0dBi Omni-directional		0dBi Omni-directional				

		TCH Transmission mode		SU-MIMO		SU-MIMO				

		TCH modulation and coding		LDPC with code rate = 4/7, QPSK
Repetition 8		LDPC with code rate = 4/7, QPSK
Repetition 8(it uses the Nufront parameter, but we have the related comment on this )				v

		Channel estimation		Realistic		Realistic				

		Packet size 		256 bit		256 bit				

		DRS configuration		2 symbols		2 symbols				

		Note: 
Nufront claimed it uses the non-OFDMA in LLS and OFDMA in SLS in the Dec. 2019 online meeting for one reliability evaluation. If the OFDMA multiple access technology is applied,  the maximum repetition number is 4. If the non-OFDMA is applied, the repetition number can be more than 4. 
However, the SLS and LLS should use the same technology in one evaluation as M.2412. The observation about this issue is that Nufront did not align with IMT-2020 methodology in the document of IMT 2020/27





5%SINR_4GHz_ModelA

										5%-tile SINR in DL: -2.5dB																5%-tile SINR in UL: -8dB





Reliability_4GHz

		Channel model A		RIT		Antenna config & Tx scheme		Numerology		Frame structure		LLS channel model		Req.				Source 1		Source 2		Source 3		Source 4		Mean		Var		Number of samples		vs. Req.

		DL Reliability		TDD

				EUHT		8x2 SU-MIMO 		78.125 kHz SCS		DL:UL = 2:1		NLOS		Reliability		99.999%		99.54%						49.11%		0.74325				2		LESS

												LOS		Reliability		99.999%										ERROR:#DIV/0!				0		--- N/A ---







				TDD

				EUHT		2x8 SU-MIMO 		78.125 kHz SCS		DL:UL = 2:1		NLOS		Reliability		99.999%		92.37%						0.68%		0.46525				2		LESS





												LOS		Reliability		99.999%										ERROR:#DIV/0!				0		--- N/A ---
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AreaTrafficCapacity

				Configuration		Antenna and TXRU mapping		Source and channel mode		Frame structure		Bandwidth [MHz]		Req.		EUHT
Average [bit/s/Hz/TRxP]		DL ratio		Carrier number		Area traffic capacity [Mbps/m2]		vs. Req.

		DL		TDD

				Configuration A		12		source1 and model A		2 : 1		100		10		7.34		0.6666666667		1		0.98		LESS

				Configuration A		12		source1 and model B		2 : 1		100		10		7.35		0.6666666667		1		0.98		LESS

				Configuration A		12		source2 and model A		2 : 1		100		10		7.34		0.6666666667		1		0.98		LESS

				Configuration A		36		source1 and model A		2 : 1		100		10		4.99		0.6666666667		1		2.00		LESS

				Configuration A		36		source1 and model B		2 : 1		100		10		4.93		0.6666666667		1		1.97		LESS

				Configuration A		36		source3 and model B		3 : 1		100		10		5.56		0.75		1		2.50		LESS

				Configuration B		12		source1 and model A/B		2 : 1		400		10		5.42		0.6666666667		1		2.89		LESS

				Configuration B		36		source1 and model A/B		2 : 1		400		10		4.77		0.6666666667		1		7.63		LESS






