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1	Background
The period from February 2022 (the 40th meeting of Working Party(WP) 5D) to October 2022 (the 42nd meeting of Working Party 5D) has been designated for evaluation of the new IMT-2020 candidate technology submission for ‘after year 2021’ by Independent Evaluation Groups.
The 5GMF IMT-2020 Evaluation Group is a registered Independent Evaluation Group. At the 42nd meeting of Working Party 5D, a final Evaluation Report on IMT-2020 candidate technology submissions in Document IMT-2020/76 was submitted by 5GMF IMT-2020 Evaluation Group​  (5D/1412). Working Party 5D has reviewed the evaluation report, and will consider it further in the IMT-2020 development process.
2	Evaluation summary for a RIT for IMT-2020 candidate technology in Document(s) IMT-2020/76
2.1	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
2.2	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 spectrum (section 5.2.4.2 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
2.3	Summary of conclusions of the evaluation report
Does the Evaluation Report indicate that the candidate technology meets 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



2.4	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
3	Evaluation Report

	The number of the final evaluation report
	The name of the final evaluation report
	The files of the final evaluation report

	5D/1412
	FINAL evaluation Report from The Fifth Generation Mobile Communications Promotion Forum on the IMT-2020 proposal 
in Document IMT-2020/76 by “Nufront” IN THE 
IMT-2020 EVALUATION PROCESS
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This document describes the final evaluation results and activities by 5GMF Evaluation Group regarding the IMT-2020 candidate technology submission in Document IMT-2020/76 by “Nufront”. The candidate technology was evaluated as the Step 4 in the IMT-2020 development process. 5GMF Evaluation group submitted an interim evaluation report in June 2022. Considering the discussions held in 41st Working Party (WP) 5D meeting and also in IMT-2020 Evaluation Group discussion area for “Revision after the year 2021” of M.2150, the report is revised to facilitate the IMT-2020 Evaluation process for “Revision after Year 2021”.

Part I

Administrative aspects of the Independent Evaluation Group

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. 

In December 2019, 5GMF IEG submitted the interim evaluation report for IMT-2020 candidate technology SRIT and RIT proposed by 3GPP. 

In February 2020, 5GMF IEG submitted final evaluation report for IMT-2020 candidate technology SRIT and RIT proposed by 3GPP, and concluded that the 3GPP SRIT and RIT meet the minimum technical performance requirements of IMT-2020 technology. Besides, 5GMF IEG submitted final evaluation report for IMT-2020 candidate technology RIT proposed by Nufront, and concluded that the EUHT RIT cannot meet the minimum technical performance requirements of IMT-2020 technology.

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 (refer to 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. 

In June, August and September 2021, 5GMF IEG submitted evaluation reports for IMT-2020 candidate technology SRIT proposed by ETSI (TC DECT) and DECT forum and RIT proposed by Nufront. 5GMF IEG concluded that the EUHT RIT cannot meet the minimum technical performance requirements of IMT-2020 technology.

In February 2022, 5GMF IEG received a liaison statement from WP5D which invited IEGs to engage in Step 4 evaluation on the EUHT technology proposal as a new proposal for candidate radio interface technologies for the terrestrial components of the radio interface(s) for IMT-2020 evaluation process (refer to Att. 7.4 to Doc. 5D/1078). 5GMF decided to engage the process and started its evaluation exercises taking into account the useful materials informed in the liaison statement mentioned above.

In June 2022, 5GMF IEG submitted the interim evaluation results on the EUHT technology proposal, especially on Dense-Urban and Indoor Hotspot test environments of eMBB usage scenario (refer to Doc. 5D/1251).

In this contribution, 5GMF IEG submits the final evaluation results on the EUHT technology proposal, especially on Dense-Urban and Indoor Hotspot test environments of eMBB usage scenario and Urban-Marco test environments of URLLC usage scenario. 

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

Evaluated candidate technologies for IMT-2020

This report is the final evaluation report on EUHT, as the candidate RIT technology submitted in Document IMT-2020/76.

A)	Utilization of ITU-R evaluation guidelines

This final evaluation report contains evaluation performed in accordance with Report ITU‑R M.2412‑0.

B)	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.

C)	Verification as per Report ITU-R M.2411 of the compliance templates

1	Gaps/deficiencies in submitted material and/or self-evaluation

First of all, 5GMF evaluation has not only considered the increase of the number of antennas, but also have taken into account the system overhead and other factors. The capacity maximization MU pair algorithm has been already used in 5GMF simulation.

Then, 5GMF IEG has observed that, compared with 8T8R antennas in the previous round of IMT-2020 evaluation process, the average cell spectral efficiency was slightly improved by increasing the antenna number of the CAP. As the STA deployment is randomly and uniformly distributed over the area as described by ITU-R M.2412, 5GMF IEG observed that the MU multiplexing gain was limited to effectively improve the spectral efficiency due to the limited MU multiplexing probability by applying EUHT technology in the big area, e.g. the dense urban environment. Besides, the performance of a system with the large number of antennas would be sensitive to the channel quality measurement of the relevant technology. So the gain obtained from the increase of the number of antennas from 8 to 16 at the CAP side in the EUHT system was observed to be very limited. This is demonstrated in the results of one of the sources, even without modeling the signaling/feedback channel, dynamic mode switching and dynamic overhead as mentioned in section 1.1, 1.2 and 1.3.

Furthermore, several issues have been identified in submitted material of EUHT technology and its corresponding self‑evaluation and these are discussed in the following sections.

1.1	EUHT signaling/feedback transmission for eMBB evaluation

After 5GMF IEG constructs the models of signaling/feedback channel into system-level simulation, 5GMF IEG has observed that EUHT technology did not meet the IMT-2020 requirements of average spectral efficiency and 5th percentile user spectral efficiency in Indoor Hotspot-eMBB, and Dense Urban-eMBB, according to the results.

The non-ideal signaling/feedback channel performance has been discussed in the evaluation report in Doc. 5D/756 of 5GMF IEG as below: “For the feedback/signaling channel, the impact on the user plane, and thereby spectral efficiency, is more complex, …, When including the impact also on the feedback/signalling channel, the results are further reduced.”

The “EUHT specification with changes track” in IMT-2020/76 posted in the IMT-2020 Evaluation Group discussion area for “Revision after the year 2021” of ITU-R M.2150 describing the  signalling/feedback transmission channel is cited as below.
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The EUHT specification of IMT-2020/76 about signaling/feedback channel had small changes as summarized in the table below. After including the models of signaling/feedback transmission channel in the simulations for IMT-2020/76, the conclusion remained the same, namely, “When including the impact also on the feedback/signalling channel, the results are further reduced”.

		

		

		EUHT specification of IMT-2020/18(Rev.1) in 2021

		EUHT specification of IMT-2020/76 in 2022



		Signaling/feedback information is transmitted in traffic channel

		

		Be grouped with other MAC frames

		Be grouped with other MAC frames



		Dedicated signaling/ feedback channel

		

		Transmission scheme is the same as the one used by common signaling /feedback channel in IMT-2020/18(Rev.1) 

		Transmission scheme is the same as the one used by TCH in IMT-2020/76



		Common signaling/ feedback channel

		Modulation

		QPSK

		Indicated in broadcast CCH, 

as one of BPSK, QPSK..., 256QAM 



		

		Code rate

		1/2

		Indicated in broadcast CCH, 

as one of 1/2, 3/4, 4/7,.. and 7/8



		

		Coding Type

		Convolutional code

		Same as IMT-2020/18(Rev.1)



		

		Number of streams

		Single stream

		Same as IMT-2020/18(Rev.1)



		

		Demodulation Reference Signal

		DPIF = 1

		Same as IMT-2020/18(Rev.1)



		

		Transmission mode

		Open loop MIMO

		Same as IMT-2020/18(Rev.1)



		

		Repetition

		N/A

		3 or 4 time-domain repetition, when MCS is 122 or 123.







In addition, 5GMF IEG notices that, in the Table 73 and Table 74 of IMT-2020/76, MCS indications (MCS index) are not specified, as indicated as “…”. The vendors of STA and CAP have to figure out those by themselves. Signaling/feedback format and procedure are essential functionalities for IMT radio interface technologies. Thus without having the clear definitions of MCS indication for the signaling/feedback channel to implement, it will lead to inter-operability issues. Therefore, in 5GMF’s understanding, the EUHT specification of IMT-2020/76 does not define the common signaling/feedback channel appropriately.
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In addition, 5GMF IEG has observed that the success rate of receiving TCH is degraded and system overhead is increased after constructing the models of signaling/feedback channel into the simulator. 

Considering the above analysis and results, 5GMF IEG has concluded that signaling/feedback channel performance of EUHT technology would degrade the spectral efficiency. It is one of the reasons that EUHT technology cannot meet the requirements of average spectral efficiency and 5th percentile user spectral efficiency.

1.2	EUHT dynamic mode switching for eMBB evaluation

5GMF IEG has also constructed the model of dynamic switching of normal and low-error modes into system-level simulation. Then 5GMF IEG has observed that EUHT technology cannot meet the IMT-2020 requirements of average spectral efficiency and 5th percentile user spectral efficiency in Indoor Hotspot-eMBB, and Dense Urban-eMBB, according to the results.

According to the EUHT specification of IMT-2020/76 below (section 1.7.1.1 Frame structure), dynamic mode switching feature of IMT-2020/76 is the same as the IMT-2020/18(Rev.1). 
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In the EUHT specification, short preamble is used for the mode selection, and is a cell-specific signal. So, the dynamic mode switching is per cell feature, not per user feature. If the format of short preamble is changed between “normal mode” and “low error mode” by CAP, all STAs in this cell have to switch into the corresponding mode for receiving long preamble, SICH, CCH and TCH, after successful detection of s-preamble. Hence, a cell is in one mode in one frame.

Regarding the dynamic mode switching feature of EUHT technology, 5GMF IEG has the following observations: 

a.	When the cell switches to low-error mode, all STAs per cell switch to low-error mode, the spectral efficiency would be significantly decreased due to QPSK only, non-MIMO transmission, and at least 4 times TCH repetition at low-error mode. The characteristics of low-error mode of IMT-2020/18(Rev.1) and IMT-2020/76 is summarised in the table below. 



		

		Low-error mode in IMT-2020/18(Rev.1) in 2021

		Low-error mode in IMT-2020/76 in 2022



		SICH

		integrated into CCH

		Same as IMT-2020/18(Rev.1)



		CCH

		Support frequency and time domain rep

		Same as IMT-2020/18(Rev.1)



		TCH

		Modulation

		QPSK

		Same as IMT-2020/18(Rev.1)



		

		Code rate

		1/2，4/7

		4/7



		

		Code length

		448

		Same as IMT-2020/18(Rev.1)



		

		Repetition

		Support 1-32 times rep

		DL: 4-16 times rep

UL: 4-24 times rep



		MIMO

		MU-MIMO

		Not support

		Same as IMT-2020/18(Rev.1)



		

		Stream number

		1

		Same as IMT-2020/18(Rev.1)



		

		Code word number

		1

		Same as IMT-2020/18(Rev.1)







	Furthermore, the reduction of spectral efficiency due to low-error mode is difficult to be resolved by the scheduler. 5GMF IEG has already made the relevant comments about dynamic mode switching in “5GMF_reply_to_Nufront about 20220902_partB” in Evaluation Group discussion area for “Revision after the year 2021” of M.2150 as below:

–	On one side, even if the users with medium/high SINR are NOT scheduled in a frame of low-error mode and only scheduled in frames of normal mode, all the frames including the frames of low-error mode will be considered into whole simulation time of these users. The spectral efficiency of these users is still impacted by counting the frames of low-error mode.

–	On the other side, if the users with medium/high SINR are scheduled in the frame of low-error mode, the spectral efficiency of these users would be limited by the QPSK only, non-MIMO transmission and at least 4 times TCH repetition, which are the characteristics of low-error mode.

b.	When the cell switches to normal mode, the reliability of cell-edge STA’s transmission is not good. 

	5GMF IEG observed that the broadcast CCH transmission in EUHT specification was not reliable enough, there would be a high probability to the miss-detection of broadcast CCH for cell-edge STA with low SINR. 

	Furthermore, as shown in the process of IMT-2020/76 below, the transmission of the common signalling/feedback channels depends on the broadcast CCHs transmission, according to Table 73 in section 1.7.5.6.4 and Table 74 in section 1.7.5.6.5. And then the indication of resource pool and also the indication of the common signalling/feedback channel may be missed.  

		Step1：broadcast CCH indicates common signaling/feedback channel resource pool for all STA

Step2：broadcast CCH indicates per STA common signaling/feedback channel resources

Step3: common signaling/feedback channel transmission process





S

S









	The reason why the broadcast CCH transmission was considered not reliable enough is because 5GMF IEG observes that only Type II/III CCHs, for indicating the resources of TCH transmission, support the reliable feature of repetition and low coding rate according to the section 1.7.4.2 of IMT-2020/76. However, the broadcast CCHs for indicating the resources of common signalling/feedback channels and other functions have not supported the scheme of repetition and low coding rate according to the specification of IMT-2020/76. 

	In addition, regarding the Nufront’s clarification in EUHT workshop on 2nd September about the broadcast CCH, i.e., “necessary padding bits can be added in the CCHs to fit the Type I/II/III CCH coding”, 5GMF IEG observes that there is no such signalling or procedure specified for adding padding bits to fit the Type I/II/III CCH coding in the revised EUHT specification of IMT-2020/76. So, it is not specified how the STA should distinguish which bit fields carried in the CCH, when there are at least 4 candidates of the bit field in Table 67 and Table 68 in section 1.7.4.2, Table 73 in section 1.7.5.6.4 and Table 74 in section 1.7.5.6.5. Therefore, in 5GMF’s understanding, the EUHT specification does not support the broadcast CCH for indicating the resource of signalling/feedback channel with Type I/II/III CCH coding. 

It shall be noted that the 5GMF’s simulations have not considered the impact of false preamble detection possibility of dynamic mode switching and false blind CCH detection possibility, which will further degrade the performance.

Considering the above analysis and results, 5GMF IEG has concluded that dynamic switching feature of EUHT technology would degrade the spectral efficiency. It is one of the reasons that EUHT technology cannot meet the IMT-2020 requirements of average spectral efficiency and 5th percentile user spectral efficiency.

1.3	Dynamic system overhead

In the simulations of 5GMF IEG about IMT-2020/18(Rev.1) in 2021, the fixed overhead in the simulations was assumed, namely, the same system overhead is assumed in each simulation frame.

This time 5GMF IEG has constructed the model of dynamic system overhead into system-level simulation for evaluating IMT-2020/76. Here, dynamic overhead means that the system overhead in each simulation frame will change, by applying with realistic modeling of CCH types, CCH number, signaling/feedback information amount and etc. The implementation of dynamic system overhead is illustrated in the following figure.
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Compared with EUHT specification of IMT-2020/18(Rev.1) in 2021, in the EUHT specification of IMT-2020/76, more reliable channel design is introduced as shown in the table below. However, the new changes would also bring some disadvantages, as new types of SICH/CCH/Long preamble (CRS) transmission need more time-frequency resources of the EUHT system, which bring extra system overhead. This impact is considered in the 5GMF IEG’s evaluation in 2022. Furthermore, regarding the CCH transmission, as pointed by the comments “the success rate of receiving TCH is obviously degraded after constructing CCH curve that the Nufront provided” in Part II D) 1.2 in 5D/740, the CCH performance (Type I CCH) in IMT-2020/18(Rev.1) was proved to degrade the spectral efficiency. So, the probability of using Type II/III CCH introduced in IMT-2020/76 should be high, because the performance of Type I CCH is not good enough. Then, by introducing these Type II/III CCHs, the increased overhead will then decrease the spectral efficiency, according to the results.



		

		Normal mode in IMT-2020/18(Rev.1) in 2021

		[bookmark: _Hlk115180524]Normal mode in IMT-2020/76 in 2022



		SICH

		Type I SICH BPSK 1/2, and No rep

		Same as IMT-2020/18(Rev.1)



		

		N/A

		New Type II SICH with QPSK 3/14, and 2 time-domain rep



		CCH

		Type I CCH for indicating TCH and dedicated signaling feedback channel QPSK 4/7 and No rep

		Same as IMT-2020/18(Rev.1)



		

		N/A

		New Type II CCH for indicating TCH with QPSK 3/14 and No rep

New Type III CCH for indicating TCH with QPSK 3/14 and 2 time-domain rep



		

		The broadcast CCHs for common signaling feedback channels

		Same as IMT-2020/18(Rev.1)



		Long preamble (CRS)

		Type I long preamble in one symbol

		Same as IMT-2020/18(Rev.1)



		

		N/A

		New Type II long preamble, which is Type I long preamble with 2 time-domain rep







In addition, it shall be noted that the successful transmission of SICH/CCH/Long preamble (CRS) depends on STA detection performance. If any one of them was detected incorrectly, it will lead to the TCH transmission failure. Current 5GMF’s evaluation has not taken into account the false detection possibility of SICH/CCH/Long preamble (CRS) yet.

Considering the above analysis and results, 5GMF IEG has concluded that new types of SICH/CCH/Long preamble (CRS) transmission required more time-frequency resources and would degrade the spectral efficiency. It is one of the reasons that EUHT technology cannot meet the IMT-2020 requirements of average spectral efficiency and 5th percentile user spectral efficiency.

1.4	Polluted reference signal (RS) in low-error mode for URLLC evaluation

5GMF IEG has observed that EUHT technology cannot meet the IMT-2020 requirements of reliability in Urban Macro-URLLC, according to the results.

Firstly, the CAPs’ behaviours in reliability evaluation have been discussed in the 5GMF evaluation report in Doc. 5D/740 with the assumption that “all the cells in EUHT technology evaluation would be in the low-error mode with frame alignment, avoiding the misaligned frame interference”. So all the cells send short preamble, long preamble (CRS) and uplink DRS with the same time-frequency resource allocation, assuming inter-cell frame alignment is ideal.

Then, based on the EUHT specification of IMT-2020/76 (referred below), Long preamble (CRS) is used for CCH channel estimation. Besides, the Long preamble (CRS) is also used for DL-TCH channel estimation. And the uplink DRS is generated as Long preamble with 2 time-domain repetition for UL-TCH channel estimation.
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Furthermore, compared with EUHT specification of IMT-2020/18(Rev.1) in 2021, in the EUHT specification of IMT-2020/76, RS design has been slightly improved as shown in the table below.

		

		Reference signal in low-error mode in IMT-2020/18(Rev.1) in 2021

		Reference signal in low-error mode in IMT-2020/76 in 2022



		Long preamble (CRS)

		4 frequency domain phase shifts stated by proponent, but it is not clear to specify in low-error mode in the specification of IMT-2020/18(Rev.1).

		8 time-domain phase shifts (PN sequences)





		Uplink DRS

		As same as the Long preamble (CRS)



		As same as the Long preamble (CRS) with 2 time-domain rep









5GMF IEG has constructed the model of 8 PN sequences (PN sequences equals to the phase shifts in time domain) according to the slides below from the document “The change notes of EUHT-5G specification - Mar 18 2022” uploaded by Nufront in Evaluation Group discussion area for “Revision after the year 2021” of M.2150.
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However, regarding the phase shift performance, the 5GMF’s observations in the evaluation report in Doc. 5D/753 should be noted, which is “If the neighboring cells used the same phase shift with the serving cell, it would lead to the complete RS pollution for the STA in the serving cell. …., even if using the different phase shifts, the multiple paths, propagation delay and etc. would destroy isolation between different phase shifts of one long preamble sequence.”  Based on the above view, 5GMF has made further analysis as below:

–	There are still interfering cells using the identical PN sequence as used by the serving cell, so these RS of interfering cells can pollute the RS of serving cell, considering that the layout of Urban Macro-URLLC in ITU-R M.2412 includes 19*3 cells, which is much more than 8 candidate PN sequences in IMT-2020/76.

–	For these cells using different PN sequences from the serving cell, it would still cause the RS pollution to the serving cell, as the different PN sequences in IMT-2020/76 isn’t completely uncorrelated and the multiple paths & propagation delay of Urban Macro-URLLC environment will further destroy the un-correlation or isolation. Furthermore, according to above discussion, the short preamble, long preamble (CRS) and uplink DRS in all the cells are using the same time-frequency resource allocation in each frame of low-error mode, so the effect of RS pollution of all the interfering cell’s PN sequence would be accumulated in the receiver of the serving cell. 

Therefore, after 5GMF IEG implemented in the simulation that RS of the interfering cells used the identical or different PN sequences from the PN sequence of the serving cell, 5GMF IEG has the following observations:

–	In DL, the long preamble (CRS) of interfering cells still pollutes the long preamble (CRS) of the serving cell, so the channel estimation performance of CCH and DL-TCH are negatively impacted. Then, the DL reliability would be reduced.

–	In UL, the uplink DRS of all STAs in interfering cells still pollutes the uplink DRS of the STA of the serving cell, so the channel estimation performance of UL-TCH are negatively impacted. Then, the UL reliability would be decreased.

The below figure is an example of modeling of the RS pollution in the reliability evaluation about IMT-2020/76. 
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In addition, it shall be noted that the 5GMF’s simulations have not considered the impact of false preamble detection possibility of dynamic mode switching and false detection possibility BCF frame of low error mode, which will further degrade the reliability performance.

Considering the above analysis and results, 5GMF IEG has concluded that DL-TCH and UL-TCH performance in URLLC evaluation are degraded by the polluted long preamble (CRS) and the polluted uplink DRS respectively. It is the reason that EUHT technology cannot meet reliability requirement of IMT-2020 for DL and UL in Urban Macro-URLLC test environment.

2	Areas requiring clarifications

3	General questions

3.1	Clarifications of the evaluation report and presentation in the workshop

During the 41st WP 5D meeting, there were questions and comments on 5GMF interim evaluation report from the proponent.  





On 19th July 2022, 5GMF provided replies to each question and comment in the attached file below.





During the EUHT workshop on 2nd September 2022, there were questions and comments on 5GMF presentation from the proponent. 





  

On 20th September 2022, 5GMF provided replies to each question and comment in the attached file below.







Those documents are also found in Evaluation Group discussion area for “Revision after the year 2021” of M.2150 .
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A)	Assessment as per Reports 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 this evaluation report, EUHT-5G RIT cannot 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-5G  RIT, which contains certain frequency bands identified for IMT in the ITU Radio Regulations (Edition 2016).



EUHT-5G 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



		1 427-1 518 MHz

		TDD



		1 710-2 025 MHz

		TDD



		2 110-2 200 MHz

		TDD



		2 300-2 400 MHz

		TDD



		2 500-2 690 MHz

		TDD



		3 300-3 400 MHz

		TDD



		3 400-3 600 MHz

		TDD



		3 600-3 700 MHz

		TDD



		4 800-4 990 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.



		

		EUHT-5G operating bands in mmWave bands



		Uplink (UL) and Downlink (DL)
operating band

		Duplex Mode



		26 500 MHz – 29 500 MHz

		TDD



		24 250 MHz – 27 500 MHz

		TDD



		37 000 MHz – 40 000 MHz

		TDD



		27 500 MHz – 28 350 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

		

		

		



		

		

		

		Uplink

		10

		

		

		



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

		eMBB

		Not applicable

		Downlink

		30

		

		

		



		

		

		

		Uplink

		15

		

		

		



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

		eMBB

		Dense Urban – eMBB

		Downlink

		100

		

			Yes
	No

		



		

		

		

		Uplink

		50

		

			Yes
	No

		



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

		eMBB

		Indoor Hotspot – eMBB

		Downlink

		0.3

		0.083~0.097

			Yes
	No

		For evaluation configuration of 4 GHz. Channel model A/B, 12 TRxP





		

		

		

		Uplink

		0.21

		0.097~0.117

			Yes
	No

		



		

		

		

		Downlink

		0.3

		0.070

			Yes
	No

		For evaluation configuration of 30 GHz. Channel model A/B, 12 TRxP





		

		

		

		Uplink

		0.21

		0.047

			Yes
	No

		



		

		

		

		Downlink

		0.3

		0.042

			Yes
	No

		For evaluation configuration of 70 GHz. Channel model A/B, 12 TRxP





		

		

		

		Uplink

		0.21

		0.028

			Yes
	No

		



		

		eMBB

		Dense Urban – eMBB

		Downlink

		0.225

		0.090~0.096

			Yes
	No



		For evaluation configuration of 4 GHz, Channel model A/B.





		

		

		

		Uplink

		0.15

		0.098~0.104

			Yes
	No

		



		

		

		

		Downlink

		0.225

		0.000

			Yes
	No

		For evaluation configuration of 30 GHz. Channel model A/B





		

		

		

		Uplink

		0.15

		0.000

			Yes
	No

		



		

		eMBB

		Rural – eMBB

		Downlink

		0.12

		

			Yes
	No

		 



		

		

		

		Uplink

		0.045

		

			Yes
	No

		



		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		



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

		eMBB

		Indoor Hotspot – eMBB

		Downlink

		9 

		6.09~6.53

			Yes
	No

		For evaluation configuration of 4 GHz. Channel model A/B, 12 TRxP





		

		

		

		Uplink

		6.75 

		3.70~3.81

			Yes
	No

		



		

		

		

		Downlink

		9 

		3.61

			Yes
	No

		For evaluation configuration of 30 GHz. Channel model A/B, 12 TRxP





		

		

		

		Uplink

		6.75 

		2.03

			Yes
	No

		



		

		

		

		Downlink

		9 

		3.11

			Yes
	No

		For evaluation configuration of 70GHz. Channel model A/B, 12 TRxP





		

		

		

		Uplink

		6.75 

		1.97

			Yes
	No

		



		

		eMBB

		Dense Urban – eMBB

		Downlink

		7.8 

		5.47 – 7.694*

			Yes
	No



		For evaluation configuration of 4 GHz, Channel model A/B.

* additional evaluation results are within the range of the original evaluation.



		

		

		

		Uplink

		5.4 

		3.51~3.63

			Yes
  No

		



		

		

		

		Downlink

		7.8 

		3.56

			Yes
	No

		For evaluation configuration of 30 GHz. Channel model A/B



		

		

		

		Uplink

		5.4 

		1.88

			Yes
	No

		



		

		eMBB

		Rural – eMBB

		Downlink

		3.3 

		

			Yes
	No

		



		

		

		

		Uplink

		1.6

		

			Yes
	No

		



		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		



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

		eMBB

		Indoor-Hotspot – eMBB

		Downlink

		10

		

		  Yes
  No

		



		5.2.4.3.7
User plane latency
(ms)
(4.7.1)

		eMBB

		Not applicable

		Uplink and Downlink

		4

		

		

		



		

		URLLC

		Not applicable

		Uplink and Downlink

		1

		

		

		



		5.2.4.3.8
Control plane latency (ms)
(4.7.2)

		eMBB

		Not applicable

		Not applicable 

		20

		

		

		



		

		URLLC

		Not applicable

		Not applicable

		20

		

		

		



		5.2.4.3.9
Connection density (devices/km2)
(4.8)

		mMTC

		Urban Macro – mMTC

		Uplink

		1 000 000 

		



		



		



		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

		

		

		



		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

		50.52%

			Yes
	No

		For evaluation configuration A (4 GHz), Channel model A.



		

		

		

		Downlink 

		

		99.01%

			Yes
	No

		For evaluation configuration A (4 GHz), Channel model A.



		

		

		

		Uplink



		

		76.68%

			Yes
	No

		For evaluation configuration B (700 MHz), Channel model A.



		

		

		

		Downlink 

		

		85.97%

			Yes
	No

		For evaluation configuration B (700 MHz), Channel model A.



		5.2.4.3.12
Mobility classes
(4.11)

		eMBB

		Indoor Hotspot – eMBB

		Uplink



		Stationary, Pedestrian

		

		

		



		

		eMBB

		Dense Urban – eMBB

		Uplink



		Stationary, Pedestrian,

Vehicular (up to 30 km/h)

		

		

		



		

		eMBB

		Rural – eMBB

		Uplink



		Pedestrian, Vehicular, High speed vehicular

		

		

		



		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)

		

		

		



		5.2.4.3.14
Mobility interruption time (ms) 
(4.12)

		eMBB and URLLC

		Not applicable

		Not applicable

		0

		

		

		



		5.2.4.3.15
Bandwidth and Scalability
(4.13)

		Not applicable

		Not applicable

		Not applicable

		At least 100 MHz

		

		

		



		

		

		

		

		Up to 1 GHz

		

		

		



		

		

		

		

		Support of multiple different bandwidth values(4)

		

		

		



		(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-2020/76.

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 following frequency bands are supported by EUHT-5G 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-5G 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

		

		



		1 427-1 518 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)



		1 710-2 025 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)



		2 110-2 200 MHz

		TDD

		

		



		2 300-2 400 MHz

		TDD

		

		



		2 500-2 690 MHz

		TDD

		

		



		3 300-3 400 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)



		3 400-3 600 MHz

		TDD

		

		



		3 600-3 700 MHz

		TDD

		

		



		4 800-4 990 MHz

		TDD

		

		



		

		

		

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







A-2	User experienced data rate



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

A-6	Reliability



[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

		

		

		

		



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

		eMBB

		Dense Urban – eMBB

		Downlink

		100

		

		

		

		

		

		



		

		

		

		Uplink

		50

		

		

		

		

		

		



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

		eMBB



		Indoor Hotspot – eMBB

		Downlink

		0.3

		0.083~0.097

		

		

		

		4 GHz. Channel model A/B, 12 TRxP

		SpectralEfficiency - 01 InH-eMBB-v03.xlsx



		

		

		

		Uplink

		0.21

		0.097~0.117

		

		

		

		

		



		

		

		

		Downlink

		0.3

		0.070

		

		

		

		30 GHz. Channel model A/B, 12 TRxP

		



		

		

		

		Uplink

		0.21

		0.047

		

		

		

		

		



		

		

		

		Downlink

		0.3

		0.042

		

		

		

		70 GHz. Channel model A/B, 12 TRxP

		



		

		

		

		Uplink

		0.21

		0.028

		

		

		

		

		



		

		eMBB

		Dense Urban – eMBB

		Downlink

		0.225

		0.090~0.096

		

		

		

		4 GHz, Channel model A/B

		SpectralEfficiency - 02 DenseUrban-eMBB-v03.xlsx



		

		

		

		Uplink

		0.15

		0.098~0.104

		

		

		

		

		



		

		

		

		Downlink

		0.225

		0.000

		

		

		

		30 GHz, Channel model A/B

		



		

		

		

		Uplink

		0.15

		0.000

		

		

		

		

		



		

		eMBB

		Rural – eMBB

		Downlink

		0.12

		

		

		

		

		

		



		

		

		

		Uplink

		0.045

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		



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

		eMBB

		Indoor Hotspot – eMBB

		Downlink

		9 

		6.09~6.53

		

		

		

		4 GHz. Channel model A/B, 12 TRxP

		SpectralEfficiency - 01 InH-eMBB-v03.xlsx



		

		

		

		Uplink

		6.75 

		3.70~3.81

		

		

		

		

		



		

		

		

		Downlink

		9 

		3.61

		

		

		

		30 GHz. Channel model A/B, 12 TRxP

		



		

		

		

		Uplink

		6.75 

		2.03

		

		

		

		

		



		

		

		

		Downlink

		9 

		3.11

		

		

		

		70 GHz. Channel model A/B, 12 TRxP

		



		

		

		

		Uplink

		6.75 

		1.97

		

		

		

		

		



		

		eMBB

		Dense Urban – eMBB

		Downlink

		7.8 

		5.47~5.57

		7.694

		

		

		4 GHz. Channel model A/B



		SpectralEfficiency - 02 DenseUrban-eMBB-v03.xlsx



		

		

		

		Uplink

		5.4 

		3.51~3.63

		

		

		

		

		



		

		

		

		Downlink

		7.8 

		3.56

		

		

		

		30 GHz, Channel model A/B

		



		

		

		

		Uplink

		5.4 

		1.88

		

		

		

		

		



		

		eMBB

		Rural – eMBB

		Downlink

		3.3 

		

		

		

		

		

		



		

		

		

		Uplink

		1.6 

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		



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

		eMBB

		Indoor-Hotspot – eMBB

		Downlink

		10

		

		

		

		

		

		



		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

		50.52%

		

		

		

		4 GHz. Channel model A,





		Reliability - UrbanMacro-URLLC-v02.xlsx





		

		

		

		Downlink 

		

		99.01%

		

		

		

		

		



		

		

		

		Uplink



		

		76.68%

		

		

		

		700 MHz. Channel model A



		



		

		

		

		Downlink 

		

		85.97%

		

		

		

		

		



		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.
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Attachments:	2

B.1	eMBB_SE

SpectralEfficiency - 01 InH-eMBB-v03.xlsx





SpectralEfficiency - 02 DenseUrban-eMBB-v03.xlsx





B.2	Reliability

Reliability - UrbanMacro-URLLC-v02.xlsx
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51756 Signaling/feedback transmission channel.

5.1.7.5.6.1 General-

The signaling/feedback information can be transmitted in traffic channel (grouped with other MAC
es of signaling/feedback channel. The first

frames) or signaling/feedback channel. There are two
one is the
The second one is the

common signaling/feedback channel, which is located at the beginning of the whole DL/UL TCH.

The transmission format of beth-common signaling/feedback channel is shown in Table 72and. The
transmission format of dedicated signalingsignalling/feedback channel is showsn-inTable 60

follows traffic channel..

TABLE 7260+

Signaling/ feedback transmission format.

Coding Types Convolutional code; 1/2 code sate «
Number of streams« Single stream.
Space time coding~ Disables
Demodulation Reference Signal~ DPIr=1¢

Transmission mode+

Open loop MIMO=
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TABLE 74620
Signaling/ feedback transmission channel assignment signaling field definition
Definition=
Bito
DL UL+

[Broadcast type:-
b3 by by by /b3 by by by=0011, downlink signaling/feedback channel allocation;

/b3 b: by b=0010, uplink signaling/feedback channel allocation®
b7 bs bs by Subband bitmap®
[bis bis .. bs STA ID-
oo b index of starting OFDM symbol in the signaling/feedback channel. The field value ranges from 0

S

to 632

[bsobzs...base

the number of OFDM symbols occupied, field values 1 to 63; a field value of 0 indicates that the
|channel indication is invalid. »

[baabss..bz1 @

[Resource Unit bit map, “1” in cach bit indicates the corresponding RU is occupied”

[bsse

0: information is duplicated in subbands; 1: information is different in subbands

[MCS Indication for signaling/feedback channele
10000 MCS 0+
10001: MCS 1+

v

1101: MCS 130
1110: MCS 122+
1111: MCS 123¢

[Bseber . Busbsoo

[reserved=

[baabss .. beso

16-bit CRC is scrambled by BSTAID+
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TABLE 73+

Field definition of resource indication signaling of the signaling/ feedback transmission channel

Definition
Bit-
DL~ UL~
Broadcast type:«
b3 by by by b3 by by by=0001 indicates the downlink signaling/feedback channel resource;
b3 by by by=0000 indicates the uplink signaling/feedback channel resource
by be bs b working bandwidth 1 subchannel Bitmap, multiple subchannels can be set to the same
70605 Dae signaling/feedback channel
bis bis ... bge Signaling/ feedback channel resource group starting OFDM symbol index, field value: 0~510-
by by .. byze Reserved-

bg by ... baze

Number of symbols occupied by the signaling/feedback channel, field values 1 to 63

bgbsge

Reserved

bs1e

0: The downlink broadcast channel allocation is valid; «
1: The downlink broadcast channel allocation is invalid~

bazbsg ... by

starting index (Starting from 1) occupied by the downlink
broadcast channel in signaling/feedback channel >

bsz _ bage

Number of OFDM symbols occupied by the downlink
broadcast channel >

t|
T

Il
T
°

.

Reserved
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TABLE 74+

Signaling/ feedback transmission channel assignment signaling field definition

Definition ~
Bit«
DL« UL~
Broadcast type:«
bs by by by bs by bi by=0011, downlink signaling/feedback channel allocation; »
bs b br br=0010, uplink signaling/feedback channel allocation
b7 bg bs by Subband bitmap+
b1g byg ... bge STAID~

bagbos....bige

index of starting OFDM symbol in the signaling/feedback channel. The field value ranges from 0
to 63+

bobag...base

the number of OFDM symbols occupied, field values 1 to 63; a field value of 0 indicates that the
channel indication is invalid. »

bagbss...bare

Resource Unit bit map, “1” in each bit indicates the corresponding RU is occupied

byse

0: information is duplicated in subbands: 1: information is different in subbands ~

"

*
T
kS

<
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See Table 43 for the definition of each sub-field in the frame structure. The generation procedure of
each sub-field is described in 1.7.2 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

6 GHz 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 mode detection algorithm of the current frame in
STA is implementation related. For example, the normal mode and low-error mode can be
distinguished by preamble sequence. Moreover, the decoding results of SICH/CCH can also help
the mode detection. »
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1.7.5.6.4 Resource indication of Signaling/ feedback transmission channel

The information of signaling/ feedback channel is indicated by CCH with CRC scrambled with
BSTAID. See Table 73 for the specific fields.

TABLE 73

Field definition of resource indication signaling of the signaling/ feedback transmission channel

Definition
Bit
DL uL
[Broadcast type:
[bs b2 by by |bs b2 by by=0001 indicates the downlink signaling/feedback channel resource;
Ibs b2 b bu=0000 indicates the uplink signaling/feedback channel resource
Jorbe bs be |working bandwidth 1 subchannel Bitmap, multiple subchannels can be set to the same
b Isignaling/feedback channel
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17565 Signaling/feedback transmission channel assignment

The CAP may assign the resources in the signaling/feedback channel to the STA through
broadcasting CCH with CRC scrambled with BSTAID, as shown in Table 74.

TABLE 74
Signaling/ feedback transmission channel assignment signaling field definition

Definition
Bit

DL uL

[Broadcast type:
Jbs b2 b1 bo Jbs b2 b1 by=0011, downlink signaling/feedback channel allocation:
[bs b2 b1 b=0010, uplink signaling/feedback channel allocation

Jbs be bs b |subband bitmap
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1.7.5.6.4 Resource indication of Signaling/ feedback transmission channel

The information of signaling/ feedback channel is indicated by CCH with CRC scrambled with
BSTAID. See Table 73 for the specific fields.

TABLE 73

Field definition of resource indication signaling of the signaling/ feedback transmission channel

Definition
Bit
DL uL
[Broadcast type:
[bs b2 by by |bs b2 by by=0001 indicates the downlink signaling/feedback channel resource;
Ibs b2 b bu=0000 indicates the uplink signaling/feedback channel resource
Jorbe bs be |working bandwidth 1 subchannel Bitmap, multiple subchannels can be set to the same
b Isignaling/feedback channel
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17565 Signaling/feedback transmission channel assignment

The CAP may assign the resources in the signaling/feedback channel to the STA through
broadcasting CCH with CRC scrambled with BSTAID, as shown in Table 74.

TABLE 74
Signaling/ feedback transmission channel assignment signaling field definition

Definition
Bit

DL uL

[Broadcast type:
Jbs b2 b1 bo Jbs b2 b1 by=0011, downlink signaling/feedback channel allocation:
[bs b2 b1 b=0010, uplink signaling/feedback channel allocation

Jbs be bs b |subband bitmap







image11.png

Some users
with the low
SINR

Some users with
the medium
/high SINR

Robust CCH channel and robust
signaling / feedback channels,
that using low coding rate,
repetition or etc. are scheduled

to these users

Type-l CCH channel and normal
signaling / feedback channels
are scheduled to these users

N

o

System
Overhead

-

Impact SE






image12.png

"1.753 Traffic channel demodulation reference signal .

1.7.5.3.1 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 by, b,q¢. -

If bs in Control Channel field is 1, the demodulation reference signal can be precoded (i.e. dedicated
demodulation reference signal); if bs in Control Channel field is 0, demodulation reference signal
cannot be precoded (i.e. common demodulation reference signal). -

_ in time domain as [w1* LP511, w2* LP511]. If PN_ID is in

{0,2, 4, 8}, the [wl w2] is [1 1]. If the PN_ID is in {1, 3, 5, 7}, the [wl w2] is [1 -1]. It should be
filtered to meet the requirements of frequency mask. .
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@ More reliable PHY frame
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Carrier aggregation management General (section 1.6.15.1)

B Rearrange the section: Change section 1.6.15 “Channel

switching management” to  “Carrier aggregation

management” to describe CA in details. The “Channel

switching management” is changed to section 1.6.15.3.

B In figure 56, “Sub-channel” is deleted to make the CA

architecture more clear.

5:1.6.15 ChannelswitehingCarrier aggregation management
#:1.6.15.1 General

The system supports CAP and STA networking with different bandwidth capabilities and
communicates with each other. The EUHT-5G 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 cc:-ntmu-::-us or discontinuous larger bandWLdths by speeﬁzumﬂggeganeﬂ—ﬂie

mmﬁpeetﬁeaggfegaﬂeﬁ—ﬂwdes—&t—see&eﬂ—’a—camer aggregaﬂon as indicated in section 1.7. ll

In the EUHT-5G system, the MAC layer entity uniformly manages and controls multiple
subehannels-er component carriers;i-e—the. 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 multichannelmulti-carrier

morkmg mode supported b}r the EUHT -5G systenl is shown in Flgure SGFigm-e—:w—?—T—he—C—A:P—eaﬂ

NUFRONT

FIGURE 3634

Multi-carrier and-multichannel working mode of EUHT-5G system
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Clarification on concept of subchannel/channel in system reference model (section 1.3)

B Describes sub-channel and channel

more explicitly and shows EUHT-5G
capability of carrier aggregation (CA).

EUHT-5G MAC layer and PHY layer
can support CA.

The concept of channels and sub-
channel are clearly defined. Channel is
just component carrier, which can
contain up to 4 sub-channels. The

bandwidth of sub-channel is working

bandwidth 1 (basic channel bandwidth).

"51.3
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System reference model~

The system reference model 15 shown in Eigure1Figure 1. The main functions of each layer are as

follows:+

a)

b)

The MAC layer includes the adaptation sublaver and MAC sublayer:+

— Adaptation sublayer: [t mainly provides the function of mapping and conversion
between external network data and MAC layver service data unit (MSDU) 1n thas
part;+

— MAC sublaver: In addition to acting as the Media Access Control, it also
includes management and control functions of the system and supports specific

functions of the PHY . +

The MAC laver can support multiple sub-channel and multiple channels (component+

carrers). +

The PHY laver mainly provides a PHY transmission mechanism that maps the MAC
Protocol Data Unit (MPDU) to the corresponding physical channel, using Orthogonal
Frequency Division Multiplexing (OFDM) and Multiple Input Multiple Output (MIMO)
technologies. «

EUHT-5G system uses working bandwidth 1 as the basic channel bandwidth{sub-

channel). and supports working bandwidth 2 and working bandwidth 3 1n one
component carrier, which i1s indicated in control channel (section 1.7 .4.2). Each channel
{component carrier) can contamn up to 4 sub-channels. The bandwidth of sub-channel 1s
no more than the bandwidth of one channel. The bandwidth of each sub-channel 1s

working bandwidth 1 in the working bandwidth set_«

EUHT-5G system supports carnier agoregation (CA). In CA mode, one component
carrier (CC) 15 one channel. the channel bandwidth of each CC 1s stated i Broadcast

Control Frame (BCF).«








Clarification on concept of subchannel and working bandwidth

B The working bandwidth of each component carrier is
obtained through the working bandwidth mode in SICH
and the working bandwidth value in fixed part of BCF.

B For example, if CAP working bandwidth set is 20/40/80
MHz indicated by system information channel (SICH),
we know the working bandwidth 1 is 20MHz (basic
channel bandwidth). Working bandwidth 2 is 40MHz,
and working bandwidth 3 is 80MHz.

B If work bandwidth field in BCF shows that working
bandwidth 3 is used, we know the CAP working
bandwidth is 80MHz. It can support 4 sub-channels,

and each sub-channel is 20MHz.

NUFRONT

System Information field definition in Type-I SICH

Bit

Definition

Notes

bibs... o

The lowest & bits of this CAP MAC

address

CAP identifier and scrambling code seed

bigbabs

(CAP Working bandwidth set

For sub-6GHz band:

000: 5/10/2081200MHz working bandwidth mode
001: 10/20/408840MH = working bandwidth mode
010: 15/30/608460MHz working bandwidth mode
011: 20/40/200480MHz working bandwidth mode
100: 25/30/100041 00MHz working bandwidth mode

For mmWave mode,

000: 3004500MHz working bandwidth mode
001: 1002 4100MHz working bandwidth mode
010: 2002 L200MHz working bandwidth mode
011: 40004400MHz working bandwidth mode
100: 1GHz working bandwidth mode

Others: reserved

Fixed part of BCF frame body

Information

Length/ bit

Eemarks

CAP-MAC address

43

Unique identifier of the CAP

Working channel number

g

The minimum channel number cccupied by the CAP

work bandwidth

Working bandwidths for broadcasting CAP:

0: working bandwidth 1 in working bandwidth mode;
1: working bandwidth 2 in working bandwidth mode;
2: working bandwidth 3 in working bandwidth mode;
3: Reserved
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£.1.6.15.2 Carrier aggregation management

. H The CA associated sionalling and procedure at CAP and STA is described as below.
B Add a section 1.6.15.2 for carrier _ .
1) CAP Broadcasts CA related information.

- As described in Section 1.5.3 4.1, if CAP wants to support CA_ it will transmit BCF containing
ag g regatl On man age me nt- fixed part and extensible part (CA related information). The extensible part will be appended to
fixed part. One CAP can support multiple CCs. The number of CCs for different CAP (cell) can
be different.
B [n this section, CA associated signalling CAP will decide to transmit BCF on which CC(s) since BCF contains information of all CCs. To

speed up the network join process, the better practice 1s to transmit BCF on ALL CCs. BCF
related CCH is defined in section 1.7.5.6 4.

Each CC has complete frame structure including independent CCH, which means the relative
processing (for example. resource allocation, MCS selection, channel coding/decoding_ etc.) 13

handove r) a‘t CAP and STA are descrl bed independent for each CC. The overhead of multiple CCs is similar as single CC_ since each CC

has similar overhead including Preamble, SICH, CCH, etc. The frame structure and svstem
parameters in each CC 15 defined 1n section 1.7.11, and CCH and TCH in each component carrier

In more details. can be different.

and procedure (including network join and

2) STA performs system synchronization and obtain the CA information from BCF.

As stated in “STA network join process”™ in section 1.6.4. STA wll perform channel scan before
jomng network. If STA cannot find the preambles and successfully decode SICH/CCH/BCE . 1t
will move to next channel. The scan step 1s decided by STA.

If STA successfully receives a MAC frame_ 1t wall

a) Check the frame type and subtype in MAC header. If the frame type 15 0 and subtype 15 00000,
the STA will know that 1t 1s BCF frame.

b) STA will further check the length field in MAC header. If the value indicated 1n “length™ field
15 larger than the length of BCF fixed part. STA will know that there 15 extensible part after the

BCF fixed part.
) Since the extensible part uses the TLV structure, the STA will check the TLV tvpe. If 1t 15 0,

STA will know the extensible part carries the CA related information.

If STA obtains BCF at some CC._ it will have the information of all CCs supported by current
CAP. including the starting frequency. bandwidth, transmit power. etc. The calculation of center
frequency of each CC 1s defined in section 1.5.3.4.1.
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B Continue...

3) STA joins the CAP. d) STA can trigger the handover process by sending HO-REQ frame to serving CAP. CAP can
As defined in section 1.6 4, if STA decides to join the CAP, STA will perform random access send HO-CMD back to STA to start the handover execution process. CAP can also proactive
and capability negotiation procedure at one CC of the CAP. hr sent_HD—'_CIV[D to STA to start the handover executmn_ process. The m_:l'ormatmﬂ of CAP—];)

15 provided 1n HO-CMD. In CA mode, STA/CAP can decide which CC wall be used to transmit

the messages. Serving CAP mav activate/deactivate some CCs as indicated in HO-CMD.

4) Handover behavior in CA mode. ) o ) ) )
] ] ) o g) In handover execution phase. STA will join CAP-D on the working channel specified in HO-
The handover related signaling can be exchanged on CC(s) according to the decision of CMD. the detailed process is defined in section 1.6.19.2 If the CAP-D supporis CA. STA can
CAP/STA. The CA handowver 1s similar as single carrier handover procedure as stated in section waork in CA mode in the target cell after capability negotiation.
1.6.19.2. More information about dual-connection in CA mode can be seen in section 1.6.19.2 4.
More specifically. the handover procedure in CA mode 15 as follows;

f) EUHT-5G can accomplish Oms mobility interruption time during handover by using dual
connection. More details are stated 1 section 1.6.19.2.4.
a) STA will monitor the RSSI of CCs it uses. If the BS51 of one or more CCs are below the 5) Activation/Deactivation of CCs in CA mode.
threshold (RS51 DL DROP defined 1 tion 1.5.3.4.1 S§TA decide t d CM-RE
eshold (R - N) define Lol s omolns IO S Q CAP can dvnamically activate or deactivate some component carriers for CAP or STA as defined in
frame to serving CAP on one of the CC it uses to request for channel measurement. STA can - - - -
- ; section 1.5.3.4.22. CAP can also activate or deactivate some CCs of STA by sending HO-CMD. If
decide whether and when to send CM-REQ. STA can also decide to send CV-REEQ frame on — - -
hich CC. The av RSSI over all the CC STA b q 1o CAP some CCs are activated, STA shall monitor those CCs by decoding SICH and CCH on the CCs. If
W - € average over 5 s will be reported to serving = some CCs are deactivated, STA can stop monitoring those CCs.

b) CAP sends CM-RSP back to STA to control the channel measurement of STA. In CA mode,
CAP will decide which CC used by STA to send CM-ESP frame. Since STA shall monitor all
the CCs 1t uses_ 1t can correctly recerve the CM-RSP frame.

¢) STA measures the average BS51 of serving CAP and candidate CAPs_ then sends CM-EEP to
report the values to serving CAP. In CA mode. the RSSI of serving CAP should be averaged
over all CCs the STA uses. The RS5I value of candidate CAPs 1s obtained from the working
channel specified in CM-RSP. STA will decide the CC to carry CM-REP.
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- - IABLEG
CAP broadcast CA related information - Data field with TLV_type=0 of the extensible part df BCF
Name Length/ bit Value
B Add the indication of bandwidth and |..i.scqueseor B e
] ] ] component carner £1 B Refer to Table E.1-3 for EUHT-ARFCN
transmit power In each com pone nt carrier. Bandwidth of component . 0000 ~ 1101: 5/10/15/20/25/30/40/50/60/30/100/200/400/1000MHz
carrier #1 =
So the TLV _length is increased. Reserved 1 Reserved
2 Indicates the current transmit power of the CAP in component carrier
i rEf O EL
B |In CA mode, each component carrier can  |ompescapers The signed decimal umber of the field fs n.n = -128~127 (the negative
part is represented in the complement form): the transmit power of CAP
1z ndBm

use different working bandwidth. It is

. Indicates starting frequency of component carrier #M. i.e frequency
starting frequency of

more flexible. compaseat carrier #2Y l9  |uhen chascl mmher=0.

Befer to Table E.1-3 for EUHT-ARFCN

. . Ba.ﬂf:iwifith of component 4 0000 ~ 1101: 5/10/15/20/25/30/40/50/60/20/1 00/200/400/1000MHz
B Modify the working_BW to |esgerN -
Eeszerved 1 Eeszerved
WO rki N g_BWCC i n eq u ati O n 2 to be m O re 8 Indicates the current transmit power of the CAP in component carrier

.
The zigned decimal number of the field iz ». n=-128--127 (the negative
part is represented in the complement form): the transmit power of CAP

CAP transmit power of
TABLE 5 + component carrier #N

The extensible part of BCF with TLV type = 0+

iz n dBm
| Field- TLV types TLYV length » Datas « . . )
_ -P 8 : Based on the starting frequency of each CC (F_start..) . working channel number (WCN) and
Bite 82 162 Customized~ ©  Working bandwidth of CC (Working BW,,), the center frequency value (F_center,,) of each
Values 0« 1932*N, N<=16¢ Customized~ “  component carrier (CC) can be calculated as Equation 2

F_center,, = F_start,. + (WCN + 0.5) * Working BW,,
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The network join process is defined in the following sections in non-CA mode. In the CA mode, the

STA network jOin Process (SeCtion 164) process is similar with the non-CA mode. The detail procedure in CA mode is defined below.«
1) STA starts-up and tries to get system svnchronization by receiving the BCF from one of the CC
B Stepl: System Synchronization of the CAP. «

2) When STA successfully decodes BCF, STA will get necessary information of all the CCs. Then

B Step2 . Random access the STA can choose one of the CCs to start random access procedure. The detailed random access

procedure on one CC is defined in 1.6.4.3.«

] Ste p 3 . C ap abl | |ty Neg Otl atl on 3) The capability negotiation procedure will be performed on the chosen CC. The detailed capability
negotiation procedure on one CC is defined in section 1.6.4.4. Tt should be noted that STA shall

report which CCs broadcasted in BCF can be supported by this STA, as defined in STA Basic

Capability Request frame. «

M ore detai |ed descri ptl on abo ut STA After received the STA Basic Capability Request frame, CAP will decide which CCs broadcasted
in BCF will be used for the STA and send STA Basic Capability Response frame back to the STA.
network JOI n process In CA mOde IS STA shall monitor all the CCs it uses by receiving and decoding SICH and CCH on the CCs.«

4) CAP or STA can decide which CCs are used to initiate the follow-up network join signaling

given in section 1.6.4
procedures. ¢

5) When the network join process is finished, the CAP can schedule the signaling and traffic of

STA in multiple CCs the STA used. «

After STA joins the network, CAP can activate or de-activate CCs as defined in section 1.6.15.

More details about network access procedure in dual-connection condition in CA mode can refer to

section “1.6.19.2 Handover management™ .«
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STA Basic Capability Request frame (section 1.5.3.4.4)

B STA shall report which CCs broadcasted 2160

Fruppor cpecirun acarecation nrodas

: : . i 2-3-reservedIndicates which component carriers broadcasted in BCF are
In BCF can be supported by this STA, |4 sueporting i e e ek componenl camie B
aggregation+ “17 n the by (LSB 1s b0): Component carrier #n+1 1s supported.+

as demed |n STA BaSIC Capabl I |ty ““0” in the b (LSB is b0): Component carrier #n+1 is not supported.«

P

Request frame. -

B Modify “STA supporting carrier
aggregation” from 1bit to 16bit bitmap
indicating which CCs are supported by
STA. It is more flexible.







CA Management Procedure 2 (Step 3 Capability Negotiation)

STA Basic Capability Response frame (section 1.5.3.4.5)

B After received the STA Basic Capability

NUFRONT

Request frame, CAP will decide which [—

CCs broadcasted in BCF will be used
for the STA and send STA Basic
Capability Response frame back to the
STA.

B Modify “Spectrum aggregation” from
1bit activation to “Carrier aggregation
indication” with 16bit bitmap indicating

which CCs are supported by STA.

2 et T T
5’—1&-!-[—{—[—‘:1—1—1—1—[{-@—9-{—&-\.‘-[1—{—1-&\{—}.- - - - ' - .' - = : = _
5 =1t 1-Agoresation mode-+
. 13- recarvads

1o T '

1-Reservadse
6 n- 102 A e mat cnnartads o
116+ —

Capas ot
STACarrier ageregation

indication+

1-Suppert 1024 OAMUCAP notifies which component carriers
broadcasted in BCF are used by the STA based on the capability request
frame sent by STA. «

17 in the ba (LSB 1s b(): Component carrier #nt1 is used.«

& - T - . ~ - - X
07 1n the by (LSB 1s b0): Component carrier #n+1 1s not used. ¢
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Oms Mobility interruption time (section 1.6.19.2.4) (1)

B A more detailed description on handover procedure

Carrier aggregation (CA) can be used for STA to connect with both CAP-5 and CAP-D during

i ih i i i i i handover to implement dual connection. In CA mode, CAP-5 and CAP-D need to communicate to
Wlth OmS mObI I Ity |nterrupt|0n time Is glven' decide which CCs of CAP-5 and CAP-D can be used by the STA durning handover. The indication

of CCs of CAP-5 to STA 15 defined in HO-CMD. If the total number of CCs STA used in CAP-5

B General descri ption of handover for Oms mobil |ty alreadv reaches the maximum capability of STA, CAP-S mav need to de-activate some CCs used by
STA to release the RF channels for the connection with CAP-D. The indication of CCs STA used to

connect with CAP-D is defined in the basic capability response frame sent by CAP-D), see section
1.5.3.4.5.

interruption time in CA mode is added. CA can be

used for STA to connect with both CAP-S and CAP-
RACH—-less 1s used in EUHT-3G, the tarset-CAP-D can pre-allocate resources for STA to reduce

D during handover to implement dual connection. It  handoverlatency.

EUHT-5G can accomplish Oms intermupt handover by entering / leaving dual connection mode. Oms

includes CC selection, CC activation/de-activation Interruption handover procedure consists of three phases:

and the way to transmit the data packets. Phase 1: Handover preparation

B Three Phase procedure are present to explain how

Phase 2: Handover execution .

EUHT-5G can achieve Oms mobility interruption

time Phase 3: Exut dual connection and handover completion.








CA Management Procedure 4 (Handover in CA mode)

Oms Mobility interruption time (section 1.6.19.2.4) (2)

B A flow chart of HO procedure with Oms
interruption time is added to give a more

detailed explanation.

B EUHT-5G can accomplish Oms interrupt
handover by entering / leaving dual

connection mode.

B Carrier aggregation (CA) can be used for
STA to connect with both CAP-S and
CAP-D during handover to implement

dual connection.

NUFRONT

The Odms interruption time procedure

STA ‘ CAP-5 CAP-D CN
. user data packets _L nser data packets -
‘ channel measurement ‘
Handover Request
. et
Evaluation and | Phase 1:
Decision HO Preparation
CAP Handover Request
L
_ CAP Handover Response
Handover Command(enter dual ponnection)
Continue DL/UL data transfer with CAP-5
| I
Parallel synchronizes and accesses the CAP-D | Phase 2:
HO Execution
[ I - enter Dual
simultaneons connectivity with both CAP.S and CAP-D ‘ Connection mode
user datq packets
| user data packets _ - . [3
: " user data packets -
 user data packets o
Handover Command(leave dual connection) Path Update
- Path Relgase
+ Phaze 3:
CAP-S Forward all data to CAP-D, release STA and CAP-S HO Completion
leave Dual
Connection mode
user data packets ol o user data packets -
Ll |

F Y
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Measurement threshold in fixed part of BCF (section 1.5.3.4.1) Normal and mmWave mode
TAELE 33

Fixed part of BCF frame body

B Add RSSI threshold for channel R 2e |Defastioton .

- 38«# Indicates the threshold value for ESSI the signed decimal number of  |#
measurement in the handover process. N OEDM symbelsthis field is . ¢
sl rradeis nenaa ] I . . . . .
lengthRSST DI. DROP+ n=-128~127 (the negative part is represented in vplink seunding

channel rangefrom1to-8—the complement form)- the RSSI th_reuﬂ_chold
by the current serving CAP 15 n dBm_e

e . Pt 20 Lndi | 1 _— ; ble O 1o -
patternyd

- Low-error mode
TABLE 44
Fixed part of BCTF frame body Inin low-error mode

The zigned decimal number of the field is n, m=-128~127 (the negative [.
part iz represented in the complement form): the transmit power of CAP
13 1 dBm+

'|.-'|
[
R

Indicates the threshold value for RE851. the signed decimal number of this [+
field iz n, +

n=-128~127 (the negative part iz represented in the complement form):
the BSEI threshold by the current serving CAP is n dBm Defenltad 00

ES5I DI._DEOPResesadq

24 (00: Random access format 1;+ +
(01: Random access format 2;+
10: Random access format 3;+
11: Reserved;+

UL-RACH format+

Eezerveds Default of O+ +

&
5
%
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Meszage Parameters of measuring request frame

Measuring request/report frame (section 1.5.3.4.18/20) — Length (610 Description

CA Management Procedure 4 (Handover in CA mode)

B Request frame: Describe unit of

measuring time and RSSI averaging

more clearly (in CA mode).

Report frame: Describe  RSSI
averaging and specified working
channel number more clearly (in CA

mode).

Allocation of meszuring time

2 Indicates the requested mezsuring time, in
unit of phyzical layer frames.

Average signal quality

g Indicates the average RSS] strensth of
received by 3TA from the curreant
saprcaserying CAP. IFSTA is in CA mode
and uzes multiple CCs. the R35I value
should be averaged over all CCs it uses.

The sizned decimal number of thas field iz #.
i =-128~127 (the negative part is
representzd in the complement form): the
average F.55] is n dBm.

Average RSSI of the current
cell

Indicates the average RSSI received by STA from the cusrent
eellserving CAP. If STA 15 in CA mode and uses multiple CCs,
the RSSI value should be averaged over all CCs 1t uses.

The signed decimal number of this field 15 s, n=-128~127 (the
negative part 1s represented in the complement form): the average
RS511s n dBm.

Candidate CAP1 identifier

Indicates the lower § bits of the candidate CAP1's MAC address.

Candidate CAP1 channel
number

Indicates the channel number of the candidate CAP1, which
should be the same as the channel number specified in CM-RSP.

Average RSSI of candidate
CAP1

Indicates the average RSSI recetved by STA from the candidate
CAP1 on the channel specified in the row above. The sioned
decimal number of this field is #, 7 = -128~127 (the negative part
15 represented in the complement form): the average RS8I11s i
dBm.

Candidate CAP2 identifier

Indicates the lower 8 bits of the MAC address of the candidate
CAP2

Channel number of candidate
CAP2

Indicates the channel number of the candidate CAP2_ which
should be the same as the channel number specified in CM-RSP

Average RSSI of candidate
CAP2

Indicates the average RSSI received by STA from the candidate
CAP? on the channel specified in the row above. The signed
decimal number of the field 1s #. n = -128~127 (the negative part
15 represented in the complement form): the average RSSI of
candidate CAP2 is n dBm.
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TABIE9
Measurement threshold in extensible part of BCF (section 1.5.3.4.1) The extensible part of BCF with TLV vpe =6
Field TLV type TLY length Data
Bit g 16 Customized
. . Value 6 IfPam_I.ud =_|:l Tj:;v': Customized
B Add TLV type = 6 in extensible part of [P mg=0TLY
length = 13;

BCF for RSSI threshold parameters in each — N |
The Data field with TLV type=6 of BCF TLV frame is defined in Table 10.
CC . TABLE 105

The Data field with TL.V type=6 of BCF_TLV frame

+
Name Length/ bit Value
0: All component carriers have same RSSI threshold
. parateters as component carrier #1;
Para ind 1

1: Each component carrier has different RSSI threshold
parameters

The number of component carmier N with configured BESSI

threshold parameters, value ranpe (1~16) :

Carrier Num

[E=S

EN=1:

15:N=16

Indicates the threshold value for RSSI on component carrier
#1, the sirned decimal number of this field 15 &
RSSI DL DROP 1 |8 =-128~127 (the negative part is represented in the
complement form): the RSS] threshold by the current
serving CAP is n dBm.

Indicates the threshold value for RS51 on component carrier
#N. the signed decimal number of this field is »
n=-128~127 (the negative part is represented in the
complement form): the RSSI threshold by the current

serving CAP iz » dBm

ESSI DL DROP N

=)
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Handover request frame (section 1.5.3.4.21)

B The channel quality of candidate CAP

(RSSI) is defined in more details.

B The working channel

number of

candidate CAPs in handover request

frame should be the same as that

specified

frame.

In

measuring

response

NUFRONT

Message parameters of handover request frame

Field

Length (bit)

Description

Candidate CAP1 identifier

Indicates the lower 8 bits of the candidate CAP1's
MAC address

Candidate CAP1 channel
sdentiBsrmumber

Indicates the channel number of the working channel of
candidate CAP1_. which should be the same as the
channel number specified in CM-ESP

Channel gquality of candidate CAP1

T | race DEST b of date CAD
1Indicates the average RSSI recerved by STA from the
candidate CAPI1 on the channel specified in the row
above. The signed decimal number of this field 1s n_n=
-128~127 (the negative part 1s represented in the
complement form): the average BS51 1s 7 dBm.

Candidate CAP 2 identifier Indicates the lower 8 bits of the candidate CAP2's
MAC address

Candidate CAP?2 channel Indicates the channel number of the working channel of

sdentiBsrmumber candidate CAP2_ which should be the same as the

channel number specified in CM-ESP

Channel quality of candidate CAP 2

Indicates the average RS5I strength of the candidate
CAP? on the channel specified in the row above, the
signed decimal number of the field 15 . =-128~-127
(the negative part 15 represented 1n the complement
form): the channel quality (RSSI) of candidate CAP2 15
1 dBm.
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Handover command frame (section 1.5.3.4.22) ¢, 453451722 Handover command frame

) The currently servingA fter received HO-REQ message sent by the STA, CAP sends-an-can send
B The WOI‘klng channel number of Target handover command (HO-CMD) frame to notify STA to start the handover execution process. CAP
can also proactively send HO-CMD to STA to trigger the handover;-erte-acknowledge the HO-

CAP in handover response frame ~ REQmessagesentbythe STA execution process even if STA does not send HO-REQ. See Table
35Table 2 for the message parameters carried by HO-CMD.

should be the same as that specified in

Dual connection 2 0: invalid
handover request frame. 1: enter dual connection
2: leave dual connection
. . . . 3: reserved
B Add dual connection field to indicate
Reserved 42 Default-ef: 0
- CC 16 Activate or Deactivate the CCs of STA
the state In handover p roCess. _:ﬁgct_ivaifioin-"deactivation “1” in the b, (LSB is bg): activate the component carrier #n+1
indication “0” in the b, (LSB is by): deactivate the component carrier #n+1
[ ] Ad d CC actlvatl on / d e actlvatl on Target CARICAP 8 Indicates the lower 8 bits of the eandidate CAPVstarget CAP's
identifier MAC address
. . . - Target CAP-1s’s channel |§ Indicates the channel number of the working channel of eandidate
I nd I Catlon fle I d’ to Su ppo rt sdentifiernumber CAPltarget CAP_ which should be the same as the channel number
specified in HO-REQ for corresponding CAP.
activation/deactivation on specified |rstam 12 If the handover type is 32, it indicates that the target CAP (CAP-D)
pre-allocates for the STA for the temporary STAID during the
. handover time.
CCS In CA mOde ' If the handover type 18 in other values, this field is reserved
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IE Presence Description
Protocol Id M IE Length: 1Byte
BIT:
10000001
CAP_HANDOVER_ REQUEST e . BT
CAPSID M [E.l.EJlE't:I: 6Bvyte
STAID M IE Length: 6Byie
CAP-DID M IE Lenoth: 6Bvte
- " g CAmomaton = git?jlns t:heﬁéfr:fatedinfcrmaﬁm
B Attachment 6 is added to show the definitions of G CAP5. e deiped n Tale 0. e
] . EIG EDIEIEO!J.EH CAaTTIETS 15
relative upper layer messages in Core Network. ooy e Eeo gy
Active CC indication M IE Length: 2 Byte

Indicate the the currently used CCz by

B Section F.3.2.1 CAP_HANDOVER_REQUEST this STA

“17 in the bn (LSB is b0): the

is added to show the message used by the S e emem ety

“07 in the bn (LSB is b0}

serving CAP to send a handover request to the the component carier e i ot

uzed by STA
CAP_D HO Count M IE Length: ?Byie
. It indicates HO count
HOTYPE M IE Length: 1Byte
It indicates HO Type
1: normal ho
2: no signaling access
other: rezerved
F.3.2.1 CAP HANDOVER REQUEST Dual Comnection M IE Length: 1Byte
It indicates Dual Connection mode
The serving CAP uses this message to send a handover request to the CAP-D shown in Table F_ 6. 0: invalid (normal mode. not dual

connection mode)
1: enter dual connection mode
2: leave dual connection mode

TAEBIEF. 6 other: reserved

Security Info M IE Type: LV
CAP HANDOVER EEQUEST message body L. 0-255
V: Secunty Info
Flow Info M IE Type: LV
L: 0-255

V. F
STA INFO M IE Type: LV
0.
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s IE MPresenDe —— :]:'Ei:riserinﬁu-n
BIT:
CAP_HANDOVER_ RESPONSE Ve T i T
000010
SRC CAPID M IE Length: 6Bvte
oA D M IE Length: 6Byte
. e . M_ M IE Length: 6Bvte
B Attachment 6 is added to show the definitions of PELrne - e
relative upper layer messages in Core Network. o member o component camies i

up to 16. The mformation of umused
component carriers is set to zero.

B Section F.3.2.2 CAP. HANDOVER RESPONSE Rameccedmien [N Elegkdie oo

STA

Is added to show the message used by the serving I the b (LSB isb0): the

component carrier #n+l 1s available

CAP to send a handover request to the CAP-D. “0'in the bn (LSB is0). the

component carrier #n+l is not
available

HO TYPE M IELength: 1BEyte

It mdicates HO Type

1: normal ho

2: no signaling access

F.3.2.2 CAP HANDOVER RESPONSE other: rezerved

_ ] _ _ Dual Connection M IE Length: 1Byte

The message 15 from CAP to CAP in Table F. 7. This message 1s used as a response message to the It indicates Dual Connection mode
handoverr CAP-D provides some information to the Serving CAP . The serving CAP wll 0: mvalid (normal mode. not dual

carry the necessary information to STA for STA access to the CAP-D. ‘1:?]:]:::1 dﬁaﬁﬂ mfne;ﬁc.u mods

2: leave dual connection mode
other: rezerved

- ALTOCATE STAID M IE Length: 2Byte
TABLEFE. 7 It indicates STA IDy

CAP HANDOVER RESPONSE meszage body allocate sta id
Used in access to the CAP-D

TA M IE Length: 2Byte

Used in access to the CAP-D
VLD_TRME M IE Length: 2Byie

No siznaling aceess process fimer

Unitms
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1.51.4:3.48.914 Channel switching information frame

ACtlvatI On/DeaCtivatl on i n C h an nel SWI tCh I ng The channel swtehswitching information frame is used by the CAP to fastlv notify the STA of a set
information frame (section 1.5.3.4.14) cairs, and te feld s defined 2 shown n Figwe S0Fgmeades

FIGUERE 20830

B The channel switching operation can be

Channel switching information frame

a
performed on specified CCs by CC switching B ¢ | 1 16 s 2 1 1 | 12| s 8 8
CAP/STA Channel |STAID)
VLA CAPISTA | Working | oot . an
indication in channel switching frame (bitmap). Frame ACTIVE | swichine starting | sbchanel | 78 Reseved | swiching | swich
indication | indication I:ll]::i:l’ bandwidth | mapping mode coumnt
[ ] The Channel SW'tChlng frame can be used to Channel switching and CC activation information frame body
] ] Field Length' bit Description
activate/deactivate some CCs (CC—ACT IVE Wﬂﬁ 1 0 : CAP chanel switching. the information below is defined for CAP
indicati on) - 1 : STA channel switching. the information below iz defined for STA
. C ACTIVE Activate or Deactivate the CCs of CAP/STA
. . . . m 16 17 in the by (LEB iz bp): activate the component carrier #n+1
N The relatlve |nf0rmat|0n N BCF ShOUId be idication “07 in the by (LSB iz bg): deactivate the component carrier #n+1
. . CC switching 6 I'flldi'-?ﬂt:hth}f CC;BSIIG:;M ﬂetjrlfmfirrilth% .fnﬂllcmmi S‘I.F..-'!Itclliﬂ:; nﬂera:nfri:_l ,
updated after the channel switching. indication 16 “1 a he by (LS i by the Sllowing swiciag apersion iadfis








CA Management Procedure 5 (Handover in CA mode) NUFRONT

Handover command frame (section 1.5.3.4.22) ¢, 453451722 Handover command frame

) The currently servingA fter received HO-REQ message sent by the STA, CAP sends-an-can send
B The WOI‘klng channel number of Target handover command (HO-CMD) frame to notify STA to start the handover execution process. CAP
can also proactively send HO-CMD to STA to trigger the handover;-erte-acknowledge the HO-

CAP in handover response frame ~ REQmessagesentbythe STA execution process even if STA does not send HO-REQ. See Table
35Table 2 for the message parameters carried by HO-CMD.

should be the same as that specified in

Dual connection 2 0: invalid
handover request frame. 1: enter dual connection
2: leave dual connection
. . . . 3: reserved
B Add dual connection field to indicate
Reserved 42 Default-ef: 0
- CC 16 Activate or Deactivate the CCs of STA
the state In handover p roCess. _:ﬁgct_ivaifioin-"deactivation “1” in the b, (LSB is bg): activate the component carrier #n+1
indication “0” in the b, (LSB is by): deactivate the component carrier #n+1
[ ] Ad d CC actlvatl on / d e actlvatl on Target CARICAP 8 Indicates the lower 8 bits of the eandidate CAPVstarget CAP's
identifier MAC address
. . . - Target CAP-1s’s channel |§ Indicates the channel number of the working channel of eandidate
I nd I Catlon fle I d’ to Su ppo rt sdentifiernumber CAPltarget CAP_ which should be the same as the channel number
specified in HO-REQ for corresponding CAP.
activation/deactivation on specified |rstam 12 If the handover type is 32, it indicates that the target CAP (CAP-D)
pre-allocates for the STA for the temporary STAID during the
. handover time.
CCS In CA mOde ' If the handover type 18 in other values, this field is reserved
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B The delive 'y [Process for the SDUs - For services with low time delav and high reliability, in addition to improve reliability

by the multi-connection service replication and arbitration mechanism at the
(messag eS) from the adaptation su b I ayer applieationadaptation laver, service identification can also be carried out 1n the

adaptation sublaver and the multi-connection transmission mode can be constructed

therein. The multi-connection mode can be activated or deactivated by dvnamic

to MAC SUbIayer IS described in detal I, modification of the service flow information- in section 1 6.5 If the multi-connection

mode 1s enabled for the special type of service identified above and specific dual-

the behaviors Of ad aptathn Sublayer are conncetion signalling 1s completed, multiple copies of the message can be created by the
message copy mode in the adaptation sublayer then the copied message will be assigned
the same MAC sequence number (SN). In MAC sublayer, and 1t 1s possible to schedule

d Iﬁ:e rent accord I ng to Whether the multiple copies of the same message in different physical resources sathe
] ] ] frame(different sub-channels, or different component carriers (CCs) of same or different
mu |t| -connection mode IS enab I ed and CAPs) to improve transmission reliability, and repeat message detection in the

adaptatienMAC sublayer of the recerver to avoid duplicate message delivery. If the
multi-connection mode 1s not enabled. SDU wall be sent to MAC sublayer to generate

d UaI'COn neCtlon Slgnal I I ng IS MAC PDU with different MAC sequence number (SIN), which can be sent in different
physical resources (different sub-channels. or different CCs of same or different CAPs)«
COmp I eted . - Send the PDU of the adaptation sublayer generated by this layer to the MAC sublayer;+

- Receive the SDU of the adaptation sublaver 1n the peer entity +
"51.43  MAC sublayer







CA management in RRM of MAC sublayer (section 1.4.3) NUFRONT

M Add detailed features of CA 5143  MAC sublayer-
The basic functions of the MAC sublayer are distinguished in the management control plane and the

management in the RRM. data plane.+
The management control plane has the following functions:+
B One Ce“ can Support mU|t|p|e CCS, a) Svystem configuration: it manages system configuration and exchange system
configuration information with the station.+
eaCh CC iS independent and haS ItS b) EFadio resource management: it mainly performs the service scheduling function to
allocate resources based on service parameters and channel conditions, and has
own control channel and contains functions such as load balancing and access control +
The REM also includes CA manacsement. The CA in this specification has following
complete frame structure. features

1) One cell (CAP) can support multiple CCs. In EUHT-5G specification, there 1s
no concept about pnmary and secondary CC and all the CCs are independent. STA wnll
access the network through one of the CCs belong to the candidate CAP. as mndicated 1n
section 1.6.4.+«

B [f dual-connection signaling is

completed, MAC sublayer will

2}  Each CC has its own control channel to carry L1/L.2 control signaling. Each CC
contamns complete frame structure (preamble, SICH., CCH and TCH) .+

negotiate with the adaptation sublayer

3)  If dual-connection signalling 1s completed, MAC sublaver will negotiate with the
adaptation sublayer to active the multi-connection function «

c) Mobility management: Mobility management of the 1dle and connected state of the
STA «

to active the multi-connection

function.
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Ehl.’!.ll SpectramCarrier aggregation mode

The EUHT-5G system uses component earrier-the-same-as-the-werking channel bandwidthand
carriers to support higher bandwidths by spee&umcamer aggregation (CA) in all modes as shown in

Figure 94Figure-84-. The number of component carriers is up to 16. The frame shueture-system
parameters-information of component carriers is broadcasted in BCF by CAP as indicated in section
1.5.3.4.1. To avoid the interference between component carriers, the frame length of each
component carrier is suggested to be same and the same-The SICHis-duphieateddownlink/uplink
switch timing is suggested to be aligned. Preamble sequence and transmitted-in-all component
earrters—CCHand TCH-n-parameters for each component carrier follow the rules defined in section
1.7.3. The SICH, CCH and TCH of each component carrier are independent with that of other
component carriers. Therefore, CAP or STA can be-different-decide which component carriers are
used to transmit control signalling and data traffic since each component carrier has its own SICH,
CCH and TCH. STA shall monitor the SICH and CCH of all CCs it used and receive the data in
TCH of CCs based on the resource allocation information obtained in CCH. It should be noted that
one MAC PDU will not be split into serveral parts and sent on several CCs. The unique sequence
number (SN) in MAC header will be used by the MAC layer entity in CAP /STA to correctly re-
assemble MAC data unit (MPDU) in all CCs.

A detailed rule about carrier aggregation in EUHT-5G specification is given in PHY layer.

Each component carrier is independent to other component carriers. It should be noted that one MAC PDU will
not be split into several parts and sent on several CCs. The unique sequence number (SN) in MAC header will be

used by the MAC layer entity in CAP /STA to correctly re-assemble MAC data unit (MPDU) in all CCs.







B Authentication flow

General description in Power saving/Authentication flow (section 1.6.16/19)

B Power saving management: Add

description in CA mode to indicate
selection of CCs to carry the
signalling in the sleep/listen/wake-up

procedure.

Power saving for CAP: Clarify that
CAP will send BCF on all CCs it

supports in CA mode.

Add the
description to indicate selection of
CCs iIn authentication flow in CA

mode.

" 51.6.16.2.6

NUFRONT

5In CA mode, STA can decide which CC 15 used to send SLP-EE(Q) frame. CAP can decide which
CC 15 used to send SLP-RSP back to STA. During sleep window, STA shall sleep on all CCs it
uses. During listenine window, STA will moniter the DTF-IND frame on the CC where SLP-R5P
was received. If DTF-IND frame 15 recetved and TI indication field in DTF MAC frame 15 1, STA
will exit sleep mode on all CCs it uses <

Power Saving for CAP+

In-the wrrelesstrancpussion—the The BCF frame sustwill be transmitted periodically by CAP. The
BCT frame 13 used #thefor STA to detect the CAP and obtain the basic information on the CAP.
Thﬂ EGF mten al can be C'DﬂflEl.lIf:ﬂ thrcrugh the netw crrk The BCF interval range 15 up to 63335ms.
: noth ¢ aastan ettled dewn—The higher value of BCF
interval w:]l increase the energy Efﬁmenr:} of CAP If there 15 o data to transfer in the network,
CAP may enter hibernation mode after sending one physical frame which contains BCF to allow

terminal to join the network or request to access network. Fellewsne brone physical frame to-allew

E&Hﬂﬂﬂ]ﬁjﬂiﬂ—ﬂ&&—&&t&@fk—ﬁf—f&&ﬂﬂﬂ%&&&&&ﬁ%ﬁlsn the hibe;matmﬂ EL";P 15 I'E;E{d} to
receive RA PN 1n eve ; 3 = e

ﬂ%&—h—th&fﬂﬂﬁEﬂ—ﬁEE—Eﬂﬂ-bE—ﬁhE&Fggeﬂ—Rﬁ.cH mn the frame In C;-":. mnde CAP wl]l send BCF nn

all CCs it supports.<

In CA mode, STA can decide which CC is used to send authentication related frames. CAP can
decide which CC 15 used to send authentication related frames back to STA_ <















Support up to 16 antennas in BCF (Broadcast control frame) NUFRONT

TABLE 33.
Fixed part of BCF frame body -

. Indicates the antenna configuration at-maxsmum-on the CAP side,
B [ncrease the maximum number of e
CAP transmit antenna from 8 to 16, i iaeione
CAP end-antenna 4:5-antennas:
and update the corresponding fields in e it
7+4:8 antennas;

fixed part Of BCF, 5:16 antennas:

6~7: reserved

TABLE 44 .

Fixed part of BCF frame body in low-error mode -

Indicates the antenna configuration atsrasimus-on the CAP side, «
0:1 antenna; «
1:2 antennas; «

A S et

3:4 antennas; »
CAP ead-antenna 3. 4:5-antennas;
configuration » 53:6 antennas; «

648&1&61]1}3-5; +

7-4:8 antennas; «
5:16 antennas; «
6~7: reserved «








Support up to 16 antennas in STA basic capability request and NUEFRONT
CSI feedback

TABLE 13 .«
| |nCI‘eaSE the maX|mum number Of STA STA basic capability request frame body -
transmit antenna from 8 to 16, and e | e Mo
3. Indicates the number of antennas on the STA side. -
update the corresponding fields in the L2 antenms
2:3-antennas: .
STA basic capability request frame. N of ST 4 antennas;
53:6 antennas; ~
& 1-anfennas:
7-—4:8 antennas; »
5:16 antennas; «
6~7: reserved ¢
B Increase the maximum number of PABLEIES
MIMO feedback control information field -
columns of CSI matrix from 8 to 16 iIn Number of columns of CSI matrix [34. Number of column of CS1 malrix (Ne), 1800041416
MIMO feedback control information Reserved - e Default value: 0
d t t TABLE 1943«
ue {0 more antennas. CSI report field in full-bandwidth scheme in normal mode -
My (k) value of subcarrier (Nger/2-13) » o

CSI matrix of subcarrier-(Ngrr/2-13) « CSI matrix -








Support up to 16 antennas in SICH and CCH

B The maximum number of CAP transmit antenna
supported is increased from 8 to 16, and indication
bits in SICH (System information channel) are re-

arranged.

W The relative information to support up to 16

spatial streams in downlink MU-MIMO

transmission is indicated in CCH(control channel).

NUFRONT

TABLE 3365 «

System Information field definition in Type-I SICH -

b23b22- . -b21 A

CAP antenna configuration «

=+

3:6 antennas; «
4:8 antennas; «
5:16 antennas; -
6~7: reserved »

TABLE 3667 -

Definition of control channel field in Tvpe-I CCH -

If bs=0. »
bsg _bss: indicates th MCS of codeword IT;

if bsg _bsz=[1111111]. this transmission
uses only one codeword -

baz bay byo : reserved «
Ifbi=1. «
bss_bss: The total number of spatial streams in
MU-MIMO s [bss_bs3]+2 «

bss._ b3z = 0000, this transmission is a 2-
stream MU-MIMO «

saa t

bss._bss = 1110, this transmission is a 16-
stream MU-MIMO «

bso_bsy: indicates the index (starting from 0) of
starting spatial stream of this STA is [bsg_bas] «

b4z byy: reserved «

0041:2 antennas; »

+H1+-2:4 antennas; »







Modifications of space time coding to support 16 antennas

B Add sixteen space time streams in space time
coding because 16 antennas is supported in
5D/979.

B Add the mapping relationship between STBC
output symbols and input symbols when space
time stream is 16 in Table 61.

B It should be noted that there is a typo in 5D/979.
In the description about the number of parallel
modulation symbol streams(N,), “eight” in red box
was missing. It is obviously a typo because in
Table 61, there is N = 8.

"5.1.7.2.8

Space time coding -

NUFRONT

The svstem defined in this specification supports the space-time coding for one, two, threeaad
foul and eight parallel modulation symbol streams, expanding the spatial streams to two, four, six
_eight_ sixteen space time streams, so that the system obtains the transmit diversity gain. If the

space-time coding 1s used in the transmission, bss in Table 3667«

TAELE 3161
Space time coding

Nt srs diizm Qi 2m+1
1 d di1,zms1
2 —dp. M1 el
3 el dp
4 —dj, dp,
= A m+1 ol
3 di di 1

.
& O3 zm+1
- |
7 e X
& _1"'::.' m+1 d :
16 o
& d di 1
10 —@L 5am+1 k5.2
11 d d 1
12 _:"I:l-.'bjln+1 f‘”:.'
13 d di7,2m +1
] T

14 B m+1
15 d dig,2n
16 —fsame1 pz
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1.7.4 System information channel and control channel

N One more I’ObUS’[ type Of SlCH (Type_” SICH) 5.1.7.4.1 System information channel field definition

. . . . InThere are two types of SICH: Type-1 SICH and Tvpe II SICH. Type-I and Type-II SICH can be

IS defl ned N normal mOde That |S, there are used in normal mode aad-while Type-1 SICH can be used in mmWave modethesysteminformation
- vhntnel e dsine

two types of SICH in normal mode:

Type-I SICH uses MCS0 with normal CP. Convolutional coding is applied-for-system-information
channel-The. Type-I SICH isshall be repeated with4 times in frequency domain and 2 times in time

> Type_l BPSK’ Convolutlonal COdlng, 1/2 domain in mmWave mode as specified in section 1.7.2.11. There is no repetition sumber-is—4-and
) . L . time repetition-aumberis-2for Type-I SICH in mmWavenormal mode. The system information field
coding rate (same as previous specification) in Type-I SICH is defined in Table 65Fable 5.

» Type-Il: QPSK, LDPC coding, 3/14 coding
rate, 2x repetition in time domain.

Type-II SICH uses QPSK with LDPC 3/14 coding rate. Bit interleaving 1s applied for type-Il SICH.
Only normal CP 1s supported for Type-II SICH. The system information field in Type-II SICH 1s
defined in Table 66. Type-II SICH shall be repeated 2 times in time domain as indicated in section
1.7.2.11.
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5.1.7.4.2 Conirol channel field
In-normal mode the control channel transmits-in MCS101L. LDPC coding 1s-apphied for control

B Two more robust types (Type-I1l and Type-IIl) of

CCH are d@ﬂ ned . That iS’ there are three types Of channel. The control channel consists of multiple unicast and broadcast scheduling signaling. There
CCH : are three types of CCH in normal mode: Type-1 CCH, Type-II CCH and Type-III CCH. CAP can

decide which types of CCH are used. If there are different types of CCH in the CCH sub-field, the
OFDM symbols which contain the same type of CCHs should be put together. The order in time

> Type-I: QPSK, LDPC coding, 4/7 coding rate  dopa foldbe [l 1 CHUL o) one T COH et Tope M CCH (e The
(Same as p revious SpeC|f|Cat|0n) Type-I1 CCH uses MCS101with LDPC coding. The uplink and downlink usicastTCH scheduling
signaling field in Type-1 CCH is shown in Table 67Table 56..
» Type-1l: QPSK, LDPC coding, 3/14 coding
rate

.. . Type-II CCH uses QPSK with LDPC 3/14 coding rate. The Definition of control channel field in
> Type-l Il 2X re petition of Type Il CCH In Type-II CCH is shown in Table 68. Type-IIl CCH is the two times repetition of Type-Il CCH in

time domain time domain.








Add 3/14 coding rate for LDPC

W Type-11 SICH , Type-Il CCH and Type Il CCH
use 3/14 coding rate by LDPC coding, as
defined in Table C.1 of attachment 3.

B It should be noted that there is a typo inside the
red box in 5D/979.
» R=3/14, not 3/1. It is obviously a typo
because R=K/N=96/448=3/14 and R
should not be larger than 1.

24 row generators for the (480, 96) LDPC check matrix<

TABLE E-1C_ 1«

NUFRONT

43 58 73 B84 127 156

11 26 51 68 97 136

10 23 53 82 109 120 144 «

12 47 93 100 114 141 -

75 101 119 136 160

67 125 129 153 176

24 74 125 131 192 «

105 125 137 208 -

71 106 140 224 «

28 108 117 240 +

TABLE 4353¢
LDPC coding parameters<
N& K< R¢ te’
448¢ 96¢ 3/144 16¢








Support more MCS of TCH NUFRONT

B Three more MCS are added for TCH to
improve the TCH reliability in normal
mode, please refer to attachment 1.: 121 QPSK

» MCS 121, QPSK, 7/8 coding rate

(]

-1

-]
I

MCS parameters in this-speeifieation-EQM mode with repetition

» MCS 122, QPSK, 4/7 coding rate, T B — - . -
3X repetition in time domain ' “ —— %m e T T Jj_ﬁ
> MCS 123, QPSK, 4/7 coding rate, 123 QPsK 1 a1 -

Take MCS 122 as example. it is 4/7 coding rate and QPSK modulation. The QPSK OFDM symbols generated will

4X repetltlon In tl me domaln be repeated 3 times in time domain according to repetition scheme in section 1.7.2.11.







Repetition pattern in time and frequency domain NUFRONT

5.1.7.2.11 Time-frequency loading+
The repetmen 1[1 frequency domam and tune domam iscan be be used%aﬁel:eas&%abm%#h&N

%EHHES—%S&H&%HMH&H@H—S}HHB@B— Assume the number of meduia&eﬂeymbelsﬁaﬂsm&tted—m

B Add a detailed description of time domain

repetition and frequency domain repetition . total
process of modulation SymbOIS 1o make |’[ allocated data sub-carriers 15K The mput modulatmn symbols 18 .‘S'DS1 S;:—theﬁ%h&ﬁpst—greupﬁ

Sgopop=gs i
maore Clear- which will be repeated m—frequeﬂe}Ldemaﬂ%N tlmes to beeome

[SoS;-. Sh,.w S081.--Sk N, - S051....Sg v ]. The total number of modulation symbols after

repetition 1s K. The K modulatlon symbols after repetition- will be mapped onto allocated data

subcarriers. from lower frequency to higher frequency.<

H Add the use OfwelghtEd VEP’[OI’_W in time The weighted vector w = [w; w; ... wy] is selected from row vectors in matrix Wy, with dimension
domain repetition for reducing intercell of M*M ¢
interference. W= {1}e
Wo={l11:1-1}¢

. . . Wi=1{1-11:10.5+0.8661 -0.5+0.866i: 1 0.5--0.8661 -0.5-0.8661}+
B \Weighted vector w is determined by S- e

Preamble ID in normal mode and —{1-1111-1:1-0.5+0.866i -0.5-0.866i -1 -0.5+0.866i -0.5-0.866i: 1 0.5+0.866i -0.5+0.866i
mmWave mode and it is determined by ~ 1-0.5-0.866i0.5-0.866i: L 11-111:10.5-0.8661-0.5-0.8661 | -0.5+0.86610.5:0.866i | -0.5-

. 0.866i -0.5+0.866i -1 -0.5-0.866i -0.5+0.866i} }-
PN_ID in low error mode.

Wy
Ws

In normal mode and mmWave mode, the row index (starting from 0) selected to generate weighted
vector w is determined by S-Preamble ID as indicated in section 1.7.3. More specifically. the row
index is the remainder after S-Preamble ID is divided by M (mod(S-Preamble ID, M) ).¢








NUFRONT

Enhancement of S-Preamble, L-Preamble and DRS

B The number of S-Preamble ID changes from  1.7.3 Preamble seauence.
three to four for different short preamble types Parameters of Different Short Preamble Types
to reduce Interce” interference and |mprove Parameters Short Preamble type P1 Short Preamble type Short Preamble type

P2 P3

synchronization performance.

Sequence length: N 28 14 &
ZC Root index r for {27, 1,26, 2} 13,1, 12, 10} 5, 1.4.6
. . different S-Preamble
B Type-Il long preamble is added in normal mode, ID {1.234]
Ne -112 -56 -24

the definition of Type-I long preamble in current
specification is as same as long preamble in
previous specification. The Type-1l long
preamble is the two times repetition of Type-I
long preamble in time domain with weighted
vector.

Phase shift number of long preamble and DRS
Increases from four to eight to reduce intercell
interference and improve channel estimation
performance.

The long preamble transmitted from different CAP should addbe added phase shift ¢p; ; after
mapping to subcarriers, according to Equation 24 Equatien 23::
j:rxk-ﬁ‘.
Pij =e NFFT

{Equation 2423}
in which i 1s the phase shift index effor different CAP, §' = {0, : Jr_}” ’ }; L, Nepr X o
*;T » Nppp X é Nepr X :j.f. Nepr X E}' After transformed into time domain, normal CP (CP2)

15 applied to generate Type-I long preamble. The Type-II long preamble is the two times repetition
of Type-I long preamble in time domain as [wi= Long preamble, w>+ Long preamble]. If the S-
Preamble ID is | or 3, the [wy w2] is [1 1]. If the S-Preamble ID is 2 or 4, the [w; w] is [1 -1].

5:1.7.5.3.4 Demodulation reference signal sequence .

in which i is the phase shift index effor different CAP , & i = {0, — ;41 L ‘2' : me—x—Z}rz {U,

Nf"f"'.f'
2

NppT Nppr
g8 ’ 4

3 5 3 7 iy
» Nppr X 3 y Nppp X 5 Nppr X T Nppr X E}.The same phase shift index as








More reliability of Signaling/feedback channels NUFRONT

To iIncrease the reliability of common and
dedicated signaling/feedback channels, more MCS
are supported and the MCS of signaling/feedback

channels are indicated as the tables:
The MCS of BCF is indicated in Table 73.

The MCS of signalling/feedback channel is
indicated in Table 74.

The MCS of independent resource request,
random access request and random access

response frames are indicated in Table 76~78.

5:1.7.5.6 Signaling/feedback transmission channel.

TABLE 7266 .
Signaling/ feedback transmission format -
Coding Type - Convolutional code; H2eoderate -
Number of streams « Single stream -
Modulation and Coding Rate - Indicated in CCH -

TABLE 6173 «

Field definition of resource indication signaling of the signaling/ feedback transmission channel -

MCS Indication for downlink broadcast channe] -
0000: MCS 0«
0001: MCS 1«

1101: MCS 13~
1110: MCS 122 .
1111: MCS 123 »















Change notes of S-Preamble (section 1.7.3)

B The number of identical PN sequences is changed from 7

to 5 for s-preamble.

B In the previous specification, s-preamble doesn't use phase
shift to distinguish different cells, and there is only one PN

sequence.

B The new specification performs phase shift in the time
domain, generating 8 different PN sequences to distinguish

different cells.

NUFRONT

In Low-error mode, short preambl e{S-Preamble) is 5 identical PN sequences and
each PN sequence has 2355 points. The 255-point PN sequence is:

S255={1.1.1.1.1.1.1-11-1-1.111-1-1-1.-1.1.-1.1.1.1.1-1 -1.-1.-1.-1.-1.-1.-
11.1.-11.1.1.1-1.1-1.1.1-1-1.-1.-1.-1.1.-1,1.-1.1.-1.1.-1.-1.-1,1.1.1.1.1 -1,
1.1.1.1.-1.1.-1.1.-1.-1.1.1.-1.-1.1.1. 11—1=—L—L—L—L—Ll;L—L—L—l:ll -1.-1.1.-1.-
1-1.1-1-1.-1.1.1.-1.1-1.1-1,1.1.-1.1-1.1.1.1.-1.1.1 -1, -1.-1,1 -1.1, 1.1 -1 -
lll -1.-1.-1.1.1.-1.-1.-1. llll -1.-1.1.-1.-1.1.1.1.1.-1.1.1.1.-1.1.-1.-1.-1.1.-1.1.-
1.-1.-1, -1-1.1-1.-1-1.-1-1.1.1.1.1-1-1.1.-1.1.1 -1 -1.1-1.1 -1 .-1.1.-1.-1.1.-
1.1.-1. Ad.-1.1.1-1.-1.-1.1.-1.-1.1.1.-1.1.1.-1.1.1.-1.-1.1.1.1.1.1.1.-1-1.-1.1.-
1.1.1.- -1-1-1.1.1.1.-1}:

Based on the above PN sequences, different CAP adopt PN sequences with
different PN ID (starting from 0). The PN IDis theindex of the set PN SET =
§0.32.64.96. 128, 160, 192 224} which can determine the value of Ki =

PN SET{ PN ID}. The generation method is as follows:

SP255(k) = S255(Ki+k), k=0, 1, _ 254Ki
SP255(k) = §255(k-255+Ki), k=255-Ki. 255-Ki+1, ... 254

-1.1,
lll
A1.1.1.

5
5








Change notes of L-Preamble (section 1.7.3)

B 64 zeros before and after 511-point PN sequence are

changed into 64-point PN_CP.

B In the previous specification, L-Preamble performs the
function of phase shift in the frequency domain, and there

are four different PN sequences.

B The new specification performs phase shift in the time
domain, generating 8 different PN sequences to distinguish

different cells.

NUFRONT

In Eewlow-error mode. long preamble isconsists of 511-point PN sequence, and
eachtwo 64 zerosPN sequences as CP before (PN64 _CP1) and after it—
(PN64 CP2). which is showed in Figure 84.

Long preamble of low-error mode

PNG64 CP1 | 511 PN sequence | PN64_CP2

Based on the above PN sequences, different CAP can adopt PN sequences with
different . PN ID (starting from 0). The value of . PN ID for long preamble is
same as PN ID for short preamble. The set L PN SET = {0_64. 128192 256,
320, 384, 448} which can determine the value of Ki=L PN SET{ L PN ID}.
The generation method is as follows:

LP311k) =851 1(Ki+k). k=0, 1, .. 510-K;

LP511(k) =851 1(k-511+K;), k=511-K;, 511-K;+1. 510

PN64 CP1k)=LP511(447+k), k=01, ... 63

PN64 CP2(k)=1LP511(k). k=01, ... 63








Change notes of control channel field (DL/UL ratio, section 1.7.4.2) NUFRONT

B The options of downlink TCH to uplink

TCH ratio are increased from 7 to 16.

B The frame structure is more flexible.

DL rate : UL ratio

0000000: 1415
D—U—l@:l:—l—ﬂ
0100010: 3:13
0011:4:112

1010:11:3
1011:124
1100: 133
1101: 14:2

101-1110:15:14

i

H1-reservadl1111: 0:16








Change notes of control channel field (MCS/Coding type, section 1.7.4.2) NUFRONT

DL MCS D—QP—SK—l—j—eeémg—rm
UL MCS D—QP—SK—l—j—eeémg—rm
B The MCS and coding type in both uplink TCH and . R
downlink TCH are fixed to be QPSK, LDPC 4/7. - ; TBCC sode o

In low-error mode, the MCS in both uplink and downlink is fixed to be QPSE,
LDPC 4/7 coding rate with 448 codeword size. OFDMA scheme is used in low








Change notes of control channel field (DL Repetition, section 1.7.4.2)

B [n the previous specification, the frequency domain

repetition number can be 1,2,4,8.

W [n the new specification, the frequency domain repetition

number is fixed to be 4.

B The control bit can be saved.

B The repetition number in time domain is not changed, S
the frequency domain repetition times is fixed tobe 4.

and can be 1,2,3.4.

NUFRONT

DL Fepetition number in
frequencytime domain(BOM)








Change notes of control channel field (UL Repetition, section 1.7.4.2)

B In the previous specification, the time domain
repetition number can be 1,2,3,4, and the frequency

domain repetition number can be 1,2,4,8.

B In the new specification, the time domain repetition
number can be 2,3,4,6, and the frequency domain

repetition number can be 2,4.

NUFRONT

00: 12
UL Pepetition number in time 01: 23
domaim(M) 10: 34

11: '-']-E
UL Eepetiion munber in frequency 0- 2
o) - 4








Change notes of control channel field (CP Length and RU mode, section 1.7.4) JJFRON T

Indication of OEDIMA 0: Bl BUFOEDMA sehamaNommal CP

B Normal CP and short CP are supported in TCH. schemeCycic Prefix typein TCH |1 Sinale RULOEDMA schemeShort CP

B In the previous specification, only normal CP is

supported in TCH. 00—000: 1 RU
10:3
1-—4001: 2RUs
B This change allows more flexible resources |PLEepetitionindication of number |010: 4RTs

of RUs in time-demamn{Mjuplink  [011: 6RUs

100: 8RUs
101: 10RUs

110: 12RUs

111: All RUs

B More RU modes are used, from 1 RU to all RUs.

allocation.








Change notes of traffic channel demodulation reference signal (section 1.7.5.H)UFRON T

Inlow-error mode, the uplink DES shall be generated in the same wav as the CES—
in low-error mode_and LP511 should repeat 2 times in time domain as [wl*®

B In the previous specification, there is no repetition for DRS.

Bm [n the new specification, PN sequence is used for channel estimation and should repeat 2 times in

time domain.














I I ‘ Change notes of basic parameters (section 1.7.1.2) NUFRONT

}FH-IE-I—E-HH-E-H{—E:H-EH—IEEE thEL'[l 1GHz, the sub -carrier spacing i1s 390 625K Hz. The sub-
carrier spacing is 976 5625 KHz when the bandwidth in mmWawve modeis 1GHz.

B In mmWave mode, 1GHz bandwidth is supported.

B The sub-carrier spacing of 1GHz bandwidth is different from other bandwidths.







Change notes of Preamble (section 1.7.3) NUFRONT

For 200MH=z400MHz bandwidth, the short preamble and CES shall be duplicated

with rotation factors in frequency domain in the unit of 100 MHz. For 1GHz
bandwidth, the preambles generation procedure follows the same method in

400MHz bandwidth.

B In mmWave mode, 1GHz bandwidth is added.

B The preambles generation procedure follows the same method in 400MHz bandwidth.







Change notes of SICH (section 1.7.4.1) NUFRONT

TABLE 3365+
System Information field definition in Tvpe-I SICH+

Deefinition Notes-

The lowest B bits of this CAP MAC

addresse CAP identifier and scrambling code seed-

B In mmWave mode, 1GHz working bandwidth is added. 000, 5110265 500 working bendividth mode-
001: 1020740824 00 H= working bandwidth modes
010: 13/30/80246 00 H= working bandwidth modes

i 1 1 1 I 011: 20v40/508 4801 Hz working bandwidth mod
B In mmWave mode, the subcarrier spacing indication for 100, 2550 400010 Bos ok bt e

=l

i CAP Working bandwidth set+ For mmWave mode +
TCH 1S added ) ) 000: 2000500 H = working bandwidth mode+
001 100041 000 Hz werking bandwidth modes
010: 2082000 Hz werking bandwidth mode
011: 4000844000 H= workong bandwidth modes
100: 1GHz worling bandwidth modes

e

Orthers: reserved
For sub-6GHz band-«

00 19.53125EH=z+
01: 39.06025KEHz+
10: TR.A125KHz+
Subcarrier spacing indication for TCH |11: reserved«

1 negmaal pandaesd Fe]
For mmWave mode «
00: 390.625KH=+~

01: 976.5625KHz~
10: reseryed«

11: reserved«








Change notes of demodulation reference signal ( section 1.7.5.3.4) NUFRONT

For 200 MHz400MH=400MHz'1 GHz bandwidth, the demodulation reference signal
shall be duplicated with rotation factors in frequency domain in the unit of 100 MHz. The

B In mmWave mode, 1GHz bandwidth is added.

B The demodulation reference signal shall be duplicated in frequency domain in the unit of 100 MHz.














Description of connection state and Idle state (section 1.4.4) NUFRONT

B Add terms and modify the

description to make it more clear.

B Add description about the STA
state transition to make it more

clear.

Connecting state: (MAC CONNECTED): service running state, in which, reserved
resources are allocated to users to apply for resources by taking uplink ACK resources
in downlink services; respenseservice stream can-be-changedmanagement: modification

and requestcan-be-deleteddeletion; STA can transittoenter sleep state
(MAC INACTIVE) after receiving the sleep request; the user can quit the network after

receiving the quit network frame and return to the initial state. <

Idle state:(MAC IDLE): when the STA is not accessed to any connection, it enters the
idle state; at this time, it can enter sleep mede;state (MAC INACTIVE). and it has the

ability to be woke up immediately;«

The establishment of EUHT-5G's radio resource connection is done through MAC laver signaling.
The radio resource link is defined as a MAC service flow in this specification. After entering

MAC CONNCETED (connecting state), the service flow will be established. The service flow will
be suspended during sleep state when there is no service and resumed when STA is awakened.
Service flows can also be deleted and modified.<

DRX is a discontinuous reception mode. The main purpose is to reduce energy consumption to
achieve power saving. EUHT-5G STAs can support flexible sleep e¢ycles. During a sleep cycle, only
the information of the listening window is listened. STA i1s monitoring the downlink control
channel and whether there is a corresponding DTF-IND. Therefore, DRX is the concept of sleep
cycle for EUHT-5G system.<

For STAs in the MAC INACTIVE (sleep state) state, if there is a cell-change mobility process that
needs to be triggered, the STA will be woken up from the sleep state to the normal

MAC CONNCETED (connecting state) connection state, and then start performing related
mobility process. The specific wake-up process is defined in Section 1.6.16, and the signaling
mvolved 1n wake-up 1s same as paging signaling.<

More information of power saving mechanism can be seen in section 1.6.16.¢








Modifications in STA basic capability frame (section 1.5.3.4.4/5) NUFRONT

B Request frame: Replace “STA

support working bandwidth mode”

| ) . ) - orking : e LVLa T orking
with “Supported bandwidth of STA bandwidi *_;md@ N

to directly indicate the bandwidth by 001 199M working bandwicth moda—

bitmap (16 bit). Sr s bandsadiimoder
Others-reservedDefault of 0¢

Indicates which bandwidths are supported by this STA_ <
“17 in the by (LSB is b0): Bandwidth #n+1 is supported <
Supported bandwidth 16 “ 07 in the by (LSB is b0): Bandwidth #n+1 is not supported. <
of STA< o Bandwidth #1 ~ #16 is as follows.«
5/10/15/20/25/30/40/50(sub-6 GH=z)/60/80/ 100MHz(sub-6 GHz)/50(mmWave
band)/100(mmWave band)/200/400/1000MHz<

STA werdingworking 24 O-bandwidih LinIndicates the working bandvndth mede-of STA <

. Response fl‘a me. M Od |fy “STA bandwidth+ - 1:0~15 represents bandwidth 2sn-werkinge bandwadth mode#1~#16¢
2 bandwadih 3w worlane bandwadth modea—
. . ” . 3 Famary ed{—
Worklng bandWIdth to dlreCtly Bandwidth #1 ~ #16 is as follows_+

. _ . 5/10/15/20/25/30/40/50(sub-6GHz)/60/80/ 1 00MEz(sub-
N d lcate t h e b an d Wi d t h _ 6GHZ)/50(mmWave band)/100{mmWave band)/200/400/1000MHz<

&








Modifications in CSI report frame (section 1.5.3.4.8.3) NUFRONT

B Modify some items to make it more
clear (SINR) and add bit number to

make It more clear.

B Extend lower limit of average SINR

from -10dB to -20dB.

The CQI information in Table 19Fable13 is represented by SINR, and the SINR is encoded as 8
bits. The decimal number of the 8-bit pairis n, valuing from 0 to 255, indicating that the linear
average of the SNRSINR of each-subearrierall the subcarriers is (1820 + 0.25%n) dB.¢

The quantization of elements in CSI matrix is shown in AnsexEAttachment 4. The elements in CSI
matrix are transmitted row by row. Each element contains real and imaginary part, in which the real
part is transmitted first.<

TABLE 1913«
C3SI report field in fu]l—bamas_ﬁdth scheme in normal mode«’

Field« Description €
- " : . . - <
Receive CQI on antenna 1 8 bit. Receive average Channal State TnformationSTNR on
antenna 1+’
e a X
Recetve CQI on antenna Nr+' § bit. Receive average SINR on
antenna Nr<'

The CQI information in Table 20Fable 14 is represented by SINR. and the SINR is encoded as 8
bits. The decimal number of the 8-bit is n. valuing from 0 to 255, indicating that the linear average
of the SINR of all the allocated RU is (-20 + 0.25%n) dB.<

TABLE 20+
. CSI report field in OFDMA schemeschemeschemes

Field< Descriptions’ €

160 bits, indicates the RU allocation informations <
The 17 in the bitmap indicates the relative RU 15 allocated

RU Allocation Bitmap <

8 bits, Receive average Channel State InformationSINR|

Receive CQI on antenna 1<
on antenna 1<

. « (—

8 bit, Receive average Channel State InformationSINR on|*

Receive CQI on antenna Nr<'
antenna Nr<








Modifications in custom frame (section 1.5.3.4.23) NUFRONT

B Reorganize the description of

custom frame.

B Add six TLV types to provide more

iInformation.

TABLE 3630<

TLV frame definitions

' Field<’ TLYV type:’ TLYV length:’ Data<’ <

Bite &< 16+ Customized <

Custom frames are management frames. which can be used to extend management frames as-wellas
to transmit other specific high-priority serviees. ¢

When-itis-used-as-an-independent management-information. The frame—it body of custom frames
are TLV frame which length is variable. The SICH and CCH information can be used-to-transmit

authentication related messages—When thetransmitted not only by SICH and CCH channel, but also

by custom frames for further assurance.<

The subtype of managementframe-custom frames is: 1411101, which is indicated in section
1.5.1.2.3.¢

The related TLV types are defined in Table 37asfollews::<

THE RELATED TLV TYPES OF CUSTOM FRAMES+

L2
' TLYV type Type descriptions
0 The frequencies of component carriers <

000000011 | Auth ul_info’

000000102¢ | Auth_dl_infoe’

34 SICH info¢

46 CCH info’

5¢ Uplink power controls?

6 RSSI threshold for handover<

76 Codebook informations”








Interworking with other systems (section 1.6.19.3) NUFRONT

B Give more detailed description about  *1.6.19.3  Interworking with other systems<

EUHT-5G support interwork with the 3GPP-LTE/5G system (legacy IMT system). EUHT-5G

th e fU n Ctl on an d fl ow Of | nterwo rkin g system can support interwork with other wireless communication systems by using dual-mode
terminal.-Fake the <

Wlth Oth er SySte m | N EU HT— SG . A dual-mode terminal that integrates 3GPP-L.TE/SG functions to achieve interworking with
3GPP system. A radio adaptation laver is added in the dual-mode terminal on top of both
3GPP and EUHT protocol stack, which can dynamically select and activate the specific radio

B Two Interworking modes  are  accesstechnology.«
Procedure of the dual-mode STA can be shown as Figure 66LTE system-for example-The STA-of

-y H -
L g

provided for interworking in EUHT-

- i -
SG Independent core network mOde 1) The dual-mode STA monitors the radio qualities and the traffic load of the two radio networks,

and selects the better radio access network to carry out services according to an appropriate

and access to 3GPP core network — eseson®
2) when the STA is using the EUHT access network for services, if the signal quality of the EUHT-
mode. which are described in  3Smnetwork becomes worse and the signal quality of the 3GPP network is better. the STA 's

adaptation laver will choose to use the LTE network for services and vice versa.<

following slides.








Independent Core Network Mode (section 1.6.19.3.1) NUFRONT

'1.6.19.3.1 Independent Core Network Mode ¢

) ) o
B Add a section about independent _ o r
In the independent core network mode shown in Figure 67, EUHT-5G and 3GPP LTE / 5G have
their own independent core networks. This mode does not need to modify the existing network. and
core netwo rk m Od €. has no impact on the existing network. All the interworking control and protocol in the dual-mode
STA is implemention ralated.<

=

FIGURE &7+«
Independent Core Network Mode <

Chaal RWode |
Termunal EUHT
EUHT Aocess EUHT EUHT
! Arcess /\/ Accese Network Care Network
Data
Metwork
1GPP
3GPP }iﬁ’/ 3GPPLTE/SG 3GPPLTE/SG
Aecess Arcess Netwark Core Network
o








Access to 3GPP Core Network Mode (section 1.6.19.3.2) NUFRONT

1.6.19.3.2 Access to 3GPP Core Network Mode <

In Access to 3GPP Core Network Mode, EUHT-5G can acts as the role of non-3GPP radio access

B Add a section about access to 3GPP system to access to 3GPP Core Network to realize the interworking between the two systems,
showanlgure 68tk priate wi sstem-ea : ation: bilif

core network mode.

3GPP standard defines the architecture of interwork between non-3GPP access technology and

3GPP LTE/5G system, as well as related standard interfaces. EUHT-5G can complete the relevant
functions according to the interface standard as a non-3GPP access technology defined in the
standard. and then realize the interworking with 3GPP LTE/5G.<

FIGURE 685+
Access to 3GPP Core Network Mode<

Ml

Dual Mode

Terminal EUHT
Access

EUHT EUHT
Access /\/ Access Netwoark

3GPP LTE/5G Data

Core Network Metwork
IGPP

3GPP Nﬁ/ 3GPP LTE/SG
Access Access Netwoark








Modification in Type-1 CCH NUFRONT

TABLE 6756«
- - Definition of control channel field in Type-I CCH+
B B,b,; by; and by,bybyy _blt fleld_s_ are
rearranged to make the fields definition
more clear.
if byo_bis={1111111]
B The typo about the MCS indication of ,i’
codeword Il in 5D/222 is fixed. In 5D/979, b, Whenbby # 11,
the Ds..b;; are used for MCS indication of (1 T —
downlink and uplink.  Therefore, the RO e oo Ifil?sﬁég’fi&eoi“ﬂiﬁffmsu.mm
codeword Il can also support 1024 QAM, as oot S Ao L),
indicated in green bOX" U:tnjx‘n'x::m:I».;:la]‘f({\. U.lr[ml t"i‘l'j-:);{t’:iliil(f:ilz:\ihh
MU-MIMO* aabyy=11 MCS of codeword IT is indicated by bss bz by
B [t should be noted that there was a typo in b it te e
5D/979. The contents in the red box are el st of i STA s
forgotten to be deleted. Obviously, when St riereg

b,,0,,=11, byg~b,, is redefined as MCS of
codeword Il of uplink shown in green box.
So the contents in the red box is unnecessary
and should be deleted. Same typo exists in
mmWave mode.







‘ Modification in DRS and sounding pilot NUFRONT

TABLE 6756+
Definition of control channel field in Type-I CCH+

B The starting position of DRS symbols is . _
glven |n detall to make |t more Clear bie bis.. bge? User resource group starting OFDM symbol index, field value: 0~510. User resource group includes

DRS symbols. Each user resource sroup begins with DRS symbols_ ¢

TABLE 6555¢
] Add the Scharrier Oﬁtset indication Of System Information field definition in Type-I SICH+
: : 1ot: : : Indicates the subcarrier offset of DRS/Sounding Pilot. ¢
sounding pilot to distinguish the Sounding ) e subearticr offsct DR and Sounding Pilof uss fhe same seffine o
. . Bes indication of DRS/ Sounding Pilot<'  |0: without subcarrier offset<
pl|0t Of dlffel’en'[ Ce“S. 1: with subcarrier offsets

For cells in which the DPIr is configured with 2, 0~1 subcarrier offsets (SCpgrser ) can be add to the
4 b M " -
u The Value Of SCOffset can be de“ved 'SC; in DRS, the value of SCpgfet is mod(S-Preamble ID — 1. 2). For cells in which the DPI; is
from S_Preamble ID and DPIE configured with 4, 0~3 subcarrier offsets (SCqgrser ) can be add to the Ly in DRS, the value of

SCoffset 1S _(S-Preamble ID — 1), through which demodulation pilots of different cells can be
mapped onto different subcarriers.€








‘ Modification in DRS NUFRONT

N Add a detailed deSCI‘iption Of demOdUIation "5.1.7.5.3.2 Demodulation reference signal pattern
SEE A Haex A fei'thﬂ de!?ﬂed’l]lﬂ'ﬁlsﬂ FE£€|'EHEE Sigﬂﬂ] ]_aatEEI‘H.%'

reference S|gna| pa‘ttern and delete 5. The number of OFDM symbols which DRS occupies depends on the value of the subcarrier offset
: indication of DRS/Sounding Pilot in SICH. If there is subcarrier offset, the OFDM symbol number

¢ Attachment 1 DemOdUI ation reference of DRS is N;,. Otherwise, the OFDM symbol number of DRS is [;%j;l._@

signal pattern’ which Is unnecessary.

3:1.7.5.3.4 Demodulation reference signal sequences

B The initial states of DRS Seq uence generator The generator polynomial of the pilot sequence is 1+ X!1+X!°. The structure of the linear feedback
shift register with the maximum length is as shown in Figure 69sectionl.7.2.2. The generated

sequence is BPSK-modulated to obtain the pilot symbol sequence {Si} 1=0, 1, ..., 32767. Isitial
state-There are four different sequences for DRS with different initial states of the register. The
initial stateis : [0 010101 1 a4 as a, as a, a; ap].MSB is on the left, and LSB on the
ID. right., where [ag as a, a; a; a; ag) areis from the lewest 7 bitsset { '0101100"; '0101001";
'1010111':'1101110" }. The index (1.2.3.4) of the CAP's MAC address-—Inlow-error

¥
a = o |~ " A D! 4

are configured according to the S-Preamble

be-O.current initial state is same as S-Preamble ID. ¢








Enhancement of downlink and uplink sounding channel NUFRONT

51 7.6.1 Downlink suundmg channel

- - - - " : fd ” anding 1_1 t DRS sh 31 ?5 3 4 It
u Add detal IEd descrl pthﬂ Of downl Ink and should be noted that theﬂﬂB{I!leEI;IEm fixed to be f&iiaﬁm:mmmwsﬁ
should be replaced with Ny, where N; 1s the number of asteana pests—transmit antenna of CAP.

uplink sounding pilot pattern separately , S et gt ot DR S o oy e er o, e OFD
symbol number of sounding pilot 15 N,,.. Otherwise_ the OFDM symbol number of sounding pilot 1
and delete the reference ‘Attachment 3 ]

SPIg

51.7.6.2 Uplink sounding channel+

When b&87=1ss-the system information field SICH—+ indicates that the frame 1s configured
with uplink sounding channel, which can be used to measure uplink channel and obtain downlink
channel state mformatmn b}r channel mc:pm-mtjr The dat;uled ccnﬂgm"atmn of up]mk snundmg
in CCH. The number nf DFDM s&ambel—mmahe;ealaﬂaﬂeﬂs‘,mhols Tﬁ.-]llch smmde pllm: occupies
depends on the value of the vplink paslead should subtractsubcarnier offset indication of
DES/Sounding Pilot in SICH. If there 13 subcarner offset. the OFDM symbol number of sounding
pilot 15 N,... Otherwise, the OFDM symbol nul:nb-ar of Bja-hﬂk—seaadmg—ehﬂﬂﬂel—ﬁﬂt—rf—bg—l—ﬁ‘
SLGH—bg..—l—EIﬂd—GGH—b,__—bq_—hﬂﬂ sdicat .

sounding pilot pattern’ in 5D/222 .

o owed the emetr uplink _DundlﬂEﬂﬂDtIS[
if IJ, = land f:l_” =1, mdl-::ates the uplink sounding configurations
b4«

1: uplink soumding signals exists in the corent whele UL-TCH:+ I
0: _uplink sounding signals exists i the end of current STA s UL-TCH:«

b33.. b3 1P
ifb34 iz set to *1°. indicate the location of starting OFDA symbol of

B The uplink sounding signal configurations uplink sounding signal inthe curent whole UL-TCH.©

Py}

are updated in CCH to make it more clear. Assume the index of the last OFDM symbol in current whole UL TCH is

M. Then the location of starting OFDM symbol of uplink sounding sigmal
15«

000 N«

MWI:N-1+








Modification in precoding group size NUFRONT

E:].’.-’.S.d«.ﬁ Mode 2: closed loop SU-MIMO+

B [n the previous specification precoding Theln full-bandwidth scheme, the mumber of subcarriers 0, in the precoding group in SU-MIMO
] o ] mode 15 determined by Equation 29Eguatien31 in which DPIz 15 indicated bvb#-55-afin control
group size is indicated by CCH. channel field< i or
1, =516 = [ 4 x DPI,, else
Equation 29343
B In the new specification precoding group " £1.7.5.44 Mode 3: closed loop MU-MIMO-

In closed loop MU-MIMO, each STA can only support one codeword. The same precoding 1s

. . . . performed in each subcarrier group, which 1s defined precoding group. The number of precoding
SiZe (|n number Of Schar”erS) IS groups 15 N;. The number of subcarriers in the g precoding group 15 Q.. «
. . . Fheln full-bandwidth scheme, the number of subcarriers £, in the precoding group i MU-MIMO
determined by DPIE . It is more flexible . mode is determined by Equation 30Equation 32._in which DPI: is indicated by bit 55 ofin control
channel field-_«
0, =14 (= DPI,

=l

Equation 30323







I I ‘ OFDMA resource allocation in more details NUFRONT

51.7.5.1.3 OFDAMIA resource allocation

In OFDMA scheme, the unit of resource allocation 1s one resource unit (RU). One RU 15 composed
bof 16 data subcarriers. The RUs 1n OFDM symbols 1s consecutive and non-overlapped. The phase
tracking pilot subcarmers are allocated for RUs as follows: The adjacent phase tracking pilot
subcarner towards the center direction (subcarnier at DC) 15 allocated for the RU. The RUs at lefi

and night edoe in frequency domam contamn two phase tracking pilot subcamers. The information of
RU allocation 15 indicated in CCH <

B Give a more clear description of resource unit(RU) and phase tracking pilot mapping in
OFDMA scheme.







Improvement of uplink scheduling request channel NUFRONT

5:1.7.7.2 Generation of PN sequences.

The generated PN sequence {X} 15 divided into 416 different PN sequence {5;, 1= 012315},
where 5; = X[1*40961024 1*40961024+1 ___ (1+1)*48961024-1].

B Provide more available PN sequences (from 4 to 16).







Modification in open/ close loop power control

B Give a more clear description on open loop
power control strategy and related
parameters configuration for each component

carrier.

B Add TLV_type = 5 in extensible part of BCF for
uplink open loop power control related parameters

configuration in each component carrier.

M [t is clearly stated that the close loop power control
In each component carrier is independent in CA

mode.

NUFRONT

'51.7.0.1 Open loop power control:

If a STA transmuts a UL-TCH on component carrier cc, the ehannel reetpreesty £ STA determunes

PLo —UL-TCH transmission power P.r., .. a5 Equation 33
Porgee = mfJI{‘D-*'TAJ.;_.|.-_.c:J Fyce + e % PLgy oo + 10 + logl0 ( N-';..rr:'}':ffﬁi'i'i:"

Equation 33path-loss-astimate

TABLE 7+
The extensible part of BCF with TLV type = 5¢
Field: TLV types TLV length < Data+
Bit= g4 164 Customized+
Value 5 IfPara ind=1 TLY Customizeds
length = 38¥N+5, M== 16+
IfPara ind=0_TLY
length = 434
TAELE 8+
The Data field with TL.V tvpe=5 of the extenzible part of BCF -
Iarne Length/ bit~ Value+
(- All component camers have same power control parameters as
Parz ind< 191 by component carmer #1 ;4
1: Each component carrier has different power control parameters+
TABLE 7oe3
Closed loop control signaling:

bughas . bys, the transmit power 13 ncreased or decreased by n®0.25 dB, where n is the signed

decimal number represented by basbas . baa— and b 15 the sign bit (0: posifive, 1: negative). ¢

If the value of n is positive, the transmit power 15 mcreased -

bes bay b If the value of n 1s negative, the transmit power is decreased. «
Indications Each component camer does closed loop power control independently. +








Add attachment 6 for referring to EUHT-5G Core network messages NUFRONT

Attachment 6

(Informative)
. - Definitions of Relative Upper laver messages in Core Network
H
Add _attachm(_en_t_ 6, which 1s used to I
describe definitions of upper layer N Core Network
function entity and related messages In HO: Handover
EUHT_5G core network to make |t more MM: Mobility Management

MME: Mobility Management Entity
NM: Network Management

clear, such as:

NME: Network Management Entity

SCG: Service Control Gateway

» EUHT-5G core network architecture,
Including basic functions entities as

STA: Station (Terminal)

MME, SCG and NME and related E.2 E["HT—i(-}(’orcnclworkall'chitcclurc | |

procedures; e e e s
» Messages between STA and core F.2.2 Procedure

networks, messages between CAPs E.3 Message

and messages between CAP and core F.3.1 STA-CN

Networks. F.3.2 Messages between CAPs

F.3.2.1 CAP_ HANDOVER REQUEST
F.3.3 CAPCN
F.3.3.7T CAP PARAM CONFIG IND















NUFRONT

Thank You

A 4
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W 64 zeros before and after S11-point PN sequence are
changed into 64-point PN_CP.

W In the previous specification, L-Preamble performs the
function of phase shift in the frequency domain, and there

are four different PN sequences.

W The new specification performs phase shift in the time
domain, generating 8 different PN sequences to distinguish

different cells.

In Lewiow-error mode, long preamble isconsists of 511-point PN sequence, and
eachtwo 64 zesosPN sequences as CP before (PN64_CP1) and after it
(PN64_CP2), which is showed in Figure 84,

Long preamble of low-error mode

PN64_CPL | S11PN sequence | PN64 CP2

Based on the above PN sequences, different CAP can adopt PN sequences with
Gifferent L_PN_ID Gtarting from 0) The value of L_PN_ID for long preamble is
same as PN_ID for short preamble The set L PN SET = {0, 64, 128, 192, 256,
320,384, 448)  which can determine the value of Ki =L PN_SET{ L PN ID}

The generation method is as follows:

LP51109 = SSUEH k=0, 1, .. 510K,
LPS1100 = §51105114K)) k=S11-Ky, SILKAL, ., 510
PN64_CP1() = LPS11(447+K), k=0, 1, .. 63

PN64 CP2()=LP511k), k=0, 1, .. 63
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Change notes of traffic channel demodulation reference signal (section 1.7.5.3)!

Inlow-error mode, the uplink DRS shall be generated in the same way as the CRS—
in low-error mode, and LP511 should repeat 2 times in time domain as [w1*

W In the previous specification, there is no repetition for DRS.

B In the new specification, PN sequence is used for channel estimation and should repeat 2 times in

time domain.
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Response to 5GMF on interim evaluation report

Nufront
June 2022








One suggestion to 5GMF: Name of Sources? NUFRONT

U In the interim report 5D/1251, SGMF gives the results from ‘Sourcel’ and ‘Source2’ .

 Would 5GMF please provide the name of source company or institution like other IEGS for
more open and fair discussion?

TABLE A-1
T Simulation items and Excel files capturing the results
Minimum
technical
performance Category Value
requirements item .
(5.2.4.3.x), units, Required
and Report value
ITU-R M.2410-0 - T Downlink
section reference® sage est ownimk or
scenario environment uplink Source 1 Source 2
5.2.4.3.3 eMBB Dense Urban | Downlink 100
User experienced -¢MBB .
data rate (Mbit/s) Uplink 50
(4.3)
52434 eMBB Indoor Hotspot | Downlink 0.3 0.097
5tk percemile_user -eMBE Uplink 021 0.117
spectral efficiency








Comment #1: Antenna number NUFRONT
Comment from 5GMF in 5D/1251:

Although the antenna number of CAP is increased from 8 to 16 in EUHT-5G,
the improvement of spectral efficiency is limited.

Firstly, SGMF Evaluation Group has observed that, compared with 8T8R antennas in the previous
round of IMT-2020 evaluation process, the average cell spectral efficiency was slightly improved
by increasing the antenna number of the CAP. Considering that the average cell spectral efficiency
is strongly affected by the number of transmission layers and the number of transmission layers is
mainly determined by the wireless channel characteristics, simply increasing the number of
antennas does not help improve the wireless channel characteristics. Therefore, when the number of
antennas continues to increase, the number of transmission layers will not increase too much, and
the improvement of spectral efficiency is limited. So, the results using 16 antennas cannot also meet
the IMT-2020 requirements of ITU-R Report M.2411. This is demonstrated in the results of one of
the sources, even without modeling the signaling/feedback channel, dynamic switching feature and
dynamic overhead as mentioned in section 1.1, 1.2 and 1.3.<







NUFRONT
Response: Increasing antenna number will improve the performance

» This Is common sense that the increase of antenna number can generally improve the wireless
transmission performance such as the available data rate and reliability .

» When more antennas are supported, more spatial multiplexing gain, diversity gain and
beamforming gain can be obtained.

» Many evaluation results(details in TR 37.910) for 3GPP NR have proved that the average SE

and 5™ percentile user SE can be improved due to antenna number increasing:
€ Example: dense urban of 4GHz, even the number of BS antennas is already as high as 32, further increasing
from 32 to 64 still can obtain significant performance gain as follows

Antenna Average SE 5th percentile SE Antenna Average SE 5th percentile SE
configuration (bit/s/Hz) (bit/s/Hz) configuration (bit/s/Hz) (bit/s/Hz)
32*4 64*4

13.042 0.382 16.098 0.494

> Therefore, both average and 5 percentile user SE of EUHT-5G should be significantly
Improved with the antenna number increased from 8 to 16.







‘ Comment #2: Signaling/feedback channel NUFRONT

Comment from 5GMF in 5D/1251:
The current EUHT specification about signaling/feedback channel had small changes as summarized in the table.
When including the impact also on the feedback / signaling channel, the results are further reduced.

Response:
Firstly, there are some mistakes in the table provided by 5GMF, shown in the notes below.

channel in new simulations in 2022, the conclusion remained the same, namely, “When including
_the impact also on the feedback / signalling channel, the results are further reduced”.

2021 EUHT specification 2022 EUHT specification
Dedicated No mention what Use the same scheme as TCH H nufront
signaling/ feedback transmission scheme] In 2021 EUHT specification (5D/222) the transmission
channel scheme is mentioned in Table 60.
Common signaling/  Modulation QPSK Indicated in CCH,
feedback channel as one of BPSK, QPSK, 16QAM, H nufront

H4QAM, 256QAM and 1024QAM] 1024QAM is not adopted indicated in Table74

Code rate 1/2 Indicated in CCH, H nufront
as one of 1/2, 3/4, 5/6, /7, 5/8 and 7/8 Code Rate 4/7%1/3, 4/7*1/4 (with time repetition)
Coding Type Convolutional code Same with the 2021 version ara snppucied
Number of streams Single stream Same with the 2021 version
Demodulation DPIF =] Same with the 2021 version
Reference Signal

Transmission mode Open loop MIMO Same with the 2021 version







Response: More flexible and robust Signaling/feedback channel

> More flexible

€ Much more MCSs are supported in signaling/feedback channel compared with the previous EUHT-5G

specification.
€ Modulation: BPSK/QPSK/16QAM/64QAM/256QAM; Coding rate: from 1/7 to 7/8.
» More Robust
€ Lower modulation and coding rate are supported to increase reliability
« BPSK, 1/7, 4/21 coding rate
» Dedicated signalling/feedback channel is even more flexible

€ Adopts same coding type, streams, MCS(including more robust MCS: MCS 121/122/123, etc.) and MIMO

scheme with TCH, details are in section 1.7.4.2.

» Therefore, the performance of eMBB test environment should be improved.







Comment #3: SE in low error mode NUFRONT

Comment from 5GMF in 5D/1251 :

Spectral efficiency of low-error mode is too low for eMBB scenario, it would degrade
the spectral efficiency.

Observations of 5SGMF Evaluation Group are as follows:<
A. Spectral efficiency of low-error mode is too low for eMBB scenario.}-

TCH transmission in low-error mode has no-MIMO, only QPSK, small codeword size,
at least 4 repetition transmission and so on, according to the section 1.7.4.2 of EUHT

specification (see below). <







NUFRONT
Response: Low SE In low error mode will increase performance

» The similar low SE can also be found in 3GPP NR
€ The SE in low error mode ranges from 0.047bit/s/Hz to 0.285bit/s/Hz, which is very similar to the SE
value of MCS 0-7 in 3GPP NR (TS 38.214 Table 5.1.3.1-3).

» EUHT-5G in normal mode can work more reliably in very low SINR.
€ Due to the enhancements in 5D/979, the reliability and performance of EUHT-5G is greatly improved in

normal mode, the ratio of low error frames in eMBB scenario is very low. In addition with the number of

antennas increases from 8 to 16, more MIMO gain is obtained, the scheduling probability of low error
frames is further reduced.

» Low error mode transmission will help in the extremely low SINR region
€ When the SINR is extremely low where the normal transmission will fail, low error mode can be

scheduled for cell edge users to achieve more reliable data transmission and improve the spectral

efficiency.







Comment #4: Broadcast CCHs NUFRONT

Comment from 5GMF in 5D/1251 :

The broadcast CCHs for common signalling/feedback channels and other functions have
no repetition and no low coding rate. It is one of the reasons that EUHT technology cannot
meet the IMT-2020 requirements of average spectral efficiency and 5 percentile user
spectral efficiency.

b. When a cell is in normal mode, the reliability of transmission for cell-edge STA
is not good. <

Given that only new Type-II/IIT CCH has repetition and low coding rate as shown in the
summary table of Section 1.3, the broadcast CCHs for common signalling/feedback
channels and other functions have no repetition and no low coding rate. Therefore, the
low SINR of cell-edge STA will cause the miss-detection of broadcast CCH. As shown
in the process below the transmission of the signalling/feedback channels depends on
the broadcast CCHs transmission. And then the indication of resource pool and also the
indication of the signalling/feedback channel may be missed. <







NUFRONT
Response: Broadcast CCHs can be transmitted as Type-I/11/111 CCH

» As description of control channel in sectionl.7.4.2 of 5D/979, the control channel consists
of multiple unicast CCH and broadcast CCH. Type-I/11/111 CCH are the physical level
transmission scheme including different MCS, coding type and number of repetitions.
CAP can decide which types of CCH are used. Therefore, broadcast CCH can be
transmitted as Type-I/11/111 CCH.

» Therefore, in normal mode the reliability of broadcast CCHs can also be improved.

» Considering the above responses from Nufront, dynamic mode switching feature of EUHT-
5G should increase the spectral efficiency of eMBB.







Comment #5: Dynamic system overhead NUFRONT

Comment from 5GMF in 5D/1251 :

New types of SICH/CCH/CRS transmission need more time-frequency resources of the system,
which bring extra system overhead, and it has negative impact on the evaluation results.

1.3 Dynamic system overhead<

In the simulations of SGMF Evaluation Group in 2021, the fixed overhead in the simulations was
assumed, namely, the same system overhead is assumed in each simulation frame.<’

This time SGMF Evaluation Group has constructed the model of dynamic system overhead into
system-level simulation. Here, dynamic overhead means that the system overhead in each
simulation frame will change, by applying with realistic modeling of CCH types, CCH number,
signaling/feedback information amount and etc. <

By doing so, SGMF Evaluation Group has observed that EUHT technology could not meet the
IMT-2020 requirements of average spectral efficiency and 5% percentile user spectral efficiency in
Indoor Hotspot-eMBB and Dense Urban-eMBB for Configuration A, according to the results.<

Compared with EUHT specification in 2021, In the EUHT specification of 5D/979 more reliable
channel design is introduced as shown in the table below. However, the new changes would also
bring some disadvantages, as new types of SICH/CCH/CRS transmission need more time-frequency
resources of the system, which bring extra system overhead. This impact is considered in the
current evaluation.<

normal mode@2021 normal mode@2022
SICH Type-1 SICH BPSK 1/2, and No rep Same with the 2021 version

_______________________________________________________________________________________ nufront
N/A New Type-II SICH QPSK 4/7, and 2 time-domain rep 3/14 LDPC







NUFRONT

Response: Dynamic system overhead has no negative impact on the results

» The overhead due to the enhancement has been considered in the self-evaluation of EUHT-5G .
The OH in the self-evaluation report are statistical average values which is more clear for the
readers.

» In 5D/979, the whole enhancements of S-preamble/CRS/ SICH/CCH/TCH further improve
reliability and performance of EUHT-5G which will highly increase the SE of eMBB test
environment, after considering the extra system overhead which brings from new types of
SICH/CCH/CRS.

» Finally, the specification in 5D/979 Is the enhanced version of 5D/222. Due to the
enhancements in 5D/979, the EUHT-5G technology iIs more flexible and reliable, the
performance of EUHT-5G should be better than the previous version in any case especially the
spectral efficiency of eMBB.







NUFRONT

Thank You

A " 4
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The Fifth Generation Mobile Communications Promotion Forum

Response to Nufront’s questions and comments

July 19, 2022
The Fifth Generation Mobile Communication Promotion Forum
IMT-2020 Evaluation group

This document provides 5GMF’s reply to Nufront’s question (Document name is “Response to
5GMF on interim evaluation report_20220617").

As a general comment before the following answers, 5GMF understands that EUHT technology
is not compatible with 3GPP technology by its nature and therefore it makes little sense to
compare the performance and the specifications between these two different technologies in
the proponent’s response.

Question/Comment: Antenna number
Nufront Response: Increasing antenna number will improve the performance

Answer: First of all, the current results in 5GMF evaluation report have not only considered the
increasing the number of antennas, but also took into account the system overhead,
signaling/feedback channel and so-on. Then, 5GMF'’s initial analysis about this topic has been
already captured as Part Il D) section 1.1.

Downlink transmission is used as an example. While CAP‘s antenna number is increased from 8
to 16 and STA’s antenna number is fixed at 8, the maximum transmission layer is still 8 for one
STA. Considering that the STA deployment is randomly and uniformly distributed over the area
as described by ITU-R M.2412, MU’s multiplexing gain is limited to effectively improve the
spectral efficiency due to the limited MU’s multiplexing probability by applying EUHT
technology in the big area, e.g. the dense urban environment. Besides, the performance of a
system with the large number of antennas would be sensitive to the channel quality
measurement of the relevant technology. So, the gain obtained from the number of antennas
increased from 8 to 16 at CAP side in EUHT system was observed to be little.

Question/Comment: Signaling/feedback channel
Nufront Response: More flexible and robust Signaling/feedback channel

Answer: 5GMF thanks proponent for pointing out the information about the dedicated
signaling/feedback channel in 2021 EUHT specification. It’s noted that the results in the interim
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5GMF evaluation report is simulated according to 2022 EUHT specification, not based on 2021
EUHT specification.

For the issue of the signaling/feedback channel, 5GMF has already made the comments as Part
Il D) section 1.1 in 5GMF evaluation report. In the 5GMF simulation, the common
signaling/feedback channel was assumed to use one of MCS candidate values of “Attachment 1
MCS parameters” in IMT-2020/76, including MCS 122 (4/7 with 3 time-domain repetition) and
MCS 123 (4/7 with 4 time-domain repetition). Given that the SINR of common
signaling/feedback channel in the cell is rare to support 1024QAM, so the results in the
evaluation report would be little impacted by considering 1024QAM. Although 5GMF has
already implemented more MCS candidate values of common signaling/feedback channel into
the simulator, it was found that the system overhead by introducing the signaling/feedback
channel model and also the cases of signaling/feedback channel error still degraded the
spectral efficiency.

MCS Indicatioh for signaling/feedback channel - o
0000: MCS 0«
0001: MCS 1+
bag...bage R

1101: MCS 13+
1110: MCS 122«
1111: MCS 123+«

Figure 1: bag to bag in Table 74 of IMT-2020/76

In addition, 5GMF notices that, in the Table 74 of IMT-2020/76, MCS indications (MCS index)
are not specified, as indicated as “...”. The vendors of STA and CAP have to figure out those by
themselves. Signaling/feedback format and procedure are essential functionalities for IMT radio
interface technologies. Thus without having the clear MCS indication about signaling/feedback
channel to implement, it will lead to inter-operability issues. Therefore, according to 5GMF’s
understanding, the EUHT specification does not define the signaling/feedback channel
appropriately.

Question/Comment: SE in low error mode
Nufront Response: Low SE in low error mode will increase performance

Answer: For this issue, 5GMF has already made the comments as Part Il D) section 1.2 in 5GMF
evaluation report. The proponent’s response does not address 5GMF’s comments on the low
spectral efficiency performed under low error mode. 5GMF observed that TCH transmission
scheme in low-error mode only support QPSK, no MIMO, repetition and etc.
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Question/Comment: Broadcast CCHs
Nufront Response: Broadcast CCHs can be transmitted as Type-I/Il/Ill CCH

Answer: 5GMF has already made the comments as Part Il D) section 1.2 in 5GMF evaluation
report. The different types of CCHs in 2022 EUHT specification are compared in the below table.
5GMF’s understanding on the EUHT specification is that the Type-I/Il/Ill CCH, though can be
used in a broadcast manner, is only applicable to TCH scheduling field according to section
1.7.4.2 of IMT-2020/76, and is not applicable to the signalling/feedback field and etc. As can be
seen below, the field of broadcast CCHs for common signalling/feedback channels and etc. are
specified according to the section 1.7.5.6.4, 1.7.5.6.5 and etc., but not the section 1.7.4.2.

With that, 5GMF concludes that the broadcast CCHs for common signalling/feedback channels
and other functions have no repetition and no low coding rate. It is one of the reasons that
EUHT technology cannot meet the IMT-2020 requirements of average spectral efficiency and
5th percentile user spectral efficiency.

Types of CCH Functions Allocation Unicast/
Broadcast
Type-I/1l/1Il CCH Indicate the resource of data Table 67 and Unicast or
transmission in TCH scheduling Table 68 in Broadcast

(Type-I CCH bit number
is 85, and Type-II/Ill CCH
bit number is 96);

signalling field, within which, section 1.7.4.2
indicating the resource of dedicated
signalling/ feedback channels by
(b54b53...b49) if SU-MIMO;

CCH for common Indicate the resource pool per cell of | Table 73 in Broadcast
signalling/feedback common signalling/ feedback section

channels (bit number is channels 1.7.5.6.4;

85)

CCH for common Indicate common signalling/ Table 74 in Broadcast
signalling/feedback feedback channel for one STA section

channels (bit number is 1.7.5.6.5

85)
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1.7.4.2 Control channel field

The control channel consists of multiple unicast and broadcast scheduling signaling. There are three
types of CCH in normal mode: Type-I CCH, Type-II CCH and Type-III CCH. CAP can decide
which types of CCH are used. If there are different types of CCH in the CCH sub-field, the OFDM
symbols which contain the same type of CCHs should be put together. The order in time domain
should be [Type-I1 CCH (if exists), Type-II CCH (if exists), Type III CCH (if exists)]. The index of
starting OFDM symbol of Type-II CCH and Type-III CCH is indicated in SICH.
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Type-1 CCH uses MCS101with LDPC coding. The uplink and downlink TCH scheduling signaling
field in Type-1 CCH 1s shown in Table 67.

TABLE 67
Definition of control channel field in Type-1 CCH

Bit

b,

Definition

DL UL

by=1, downlink scheduling;
by=0, uplink scheduling

b =0, SU-MIMO transmission;
b=1, MU-MIMO transmission or uplink sounding signal configuration

bs by by

[bsby.. b2, Bit Map indicates the effective subchannel position of the scheduling signaling, the
bandwidth of each subchannel is working bandwidth 1 in the working bandwidth set.

by

Indicates the current transmission mode:

0: Open loop transmission,

I: Closed loop transmission (dedicated demodulation reference signal mode):
Bit Map indicates the index of resource unit (RU) in OFDMA scheme with

Bag Byy -+ begtogether. Each bit indicates the corresponding index RU is occupied.
(bu bo! bsnbﬂ

bie bis . b

User resource group starting OFDM symbol index, field value: 0-510. User resource group
includes DRS symbols. Each user resource group begins with DRS symbols.

by by by

MCS of codeword | indication (see Attachment 1)

bz byy . by

Number of consecutive OFDM symbols in the user resource group, field value: 0to 511

bys by ba

1, =0,

b bu! indicates th MCS of codeword I1;

ifbss by=[1111111], this transmission .
uses enly one codeword Whenby, by, # 11,

: : by by Bitmap indicates CQI or CSI,
+ b, . ed

he By D ey feedback subchannel

by BisbyyWhenb,by, = 11, indicates the

'“":'- | il  |MCS of codeword 11
.. ys: Tho total mumber of spatialatreamsin. |, 14117 i traneenission vises only oné

MU-MIMO is [l bif+2 codeword

o i e e
mt::“M"l'J’_ M]"hwt 00' this transmission 8 82- 14440000~1110111, MCS and number of
streams for SU-MIMO codeword 1 (see
Attachment 1).
by by = 1110, this ransmission is a 16-
MU-MIMO
v MUYIM bas=1, request CQI feedback
baby =01, request CSI feedback:
baba=11, MCS of codeword 11 is indicated by
by by by

bao b indicates the index (starting from 0) of
starting spatial stream of this STA is [bay bas]

bas bay: reserved

byabys

00: BCC code:
01: LDPC code length is 1 (determined by capability response frame);
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10: LDPC code length is 2 (determined by capability response frame):
11: LDPC code length is 3 (determined by capability response frame)

0: Time domain demodulation reference signal interval 0 (short demodulation reference signal

b interval, see Table 3):
» I: Time domain demodulation reference signal interval 1 (long demodulation reference signal

interval, see Table )

00: frequency domain demodulation reference signal interval pattern 1 (DPI = 1);
beb 01: frequency domain demodulation reference signal interval pattern 2 (DPIy = 2);
R 10: frequency domain demodulation reference signal interval pattern 3 (DPIy = 4);

11: Reserved

b Indicates the uplink sounding signal configuration

if by = O(SU-MIMO transmission),
b=y - bygindicates the resources used for signaling and feedback transmission in the user
|resource group, the field value is 0-63:

if by =1and by = 0 , indicates the total
number of uplink MU-MIMO streams and
spatial stream starting position mndex

b54..b52.

001, this transmssion includes a 2-stream MU-
MIMO:;

010, this transmission includes a 3-stream MU-
MIMO:

011, this transmission includes a 4-stream MU-
MIMO:;

100, this transmission includes a S-stream MU-
MIMO;

101, this transmission includes a 6-stream MU-
MIMO:

110, this transmission includes a 7-stream MU-
MIMO:;

111, this transmission includes an 8-stream
MU-MIMO;

if by = 1{downlink MU-MIMO transmassion), bS1.b49.

hb54...b49: reserved

bay sz b

Spatial stream starting position index, field
value 0-7.

if by =1and b,, = 1. indicates the uplink
sounding configuration

b54

I: uplink sounding signals exists in the current
whole UL-TCH;

0: uplink sounding signals exists in the end of
current STA’s UL-TCH:

b53...b51
if b34 1s set 1o *1”, indicate the location of

starting OFDM symbol of uplink sounding
signal in the current whole UL-TCH.
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Assume the index of the last OFDM symbol in
current whole UL-TCH 1s N. Then the location
of starting OFDM symbol of uplink sounding
signal is

000: N

001: N -1

010: N-2

IT1:N-7

if b54 1s set to “0°, indicate the location of
starting OFDM symbol of uplink sounding
signal in current STA’s UL-TCH. Assume the
mdex of the last OFDM symbol in current
STA’s UL-TCH is N. Then the location of
starting OFDM symbol of uplink sounding

signal is
000: N

001: N -1
010: N-2
I11: N-7
bﬁl)bﬂ
Indicate the SPIz of uplink sounding signal.
00: SPI;y = 1
01: SPIy=2
10: SPIy = 4
I1: reserved

10, STBC transmission not adopted;

bes
% I. STBC transmussion adopted.

b b b Bit Map indicates the index of resource unit (RU) in OFDMA scheme with b, together. Each bit
poin ol |indicates the comresponding index RU is occupied. ( beg by; -+ bgby)

by bys. bea CRC protection based on STAID/BSTAID

Note 1: bug by by is the CRC of the TCH t scheduling signaling field and the unique 12-bit ID of the cell allocated by
the CAP.

[bss bz bes] =XOR( [0000d11d1p.. . do]stammnn ,  [Cis¢a...Colere )

Note 2: The control channel is checked by a 16-bit CRC. The CRC generator polynomial is g(D) = D' + D24 D%+1.
|Definition is the same as that in Table 65

Note 3: The signaling and feedback transmission formats indicated by by bag are given in 1.7.5.6.

Type-11 CCH uses QPSK with LDPC 3/14 coding rate. The Definition of control channel field in
Type-II CCH 1s shown in Table 68. Type-IIl CCH is the two times repetition of Type-I1 CCH in
time domain.
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Definition of control channel field in Type-11 CCH

interval, see Table 3);

Definition
Bit
DL UL
b by=1. downlink scheduling;
r bo=0, uplink scheduling
b by =0, SU-MIMO transmission;
' by=1. MU-MIMO transmission or uplink sounding signal configuration
Ml By [bsbs...by], Bit Map indicates the effective subchannel position of the scheduling signaling, the
dp i bandwidth of cach subchannel is working bandwidth 1 in the working bandwidth set.
Indicates the current transmission mode:
b, 0: Open loop transmission:
I: Closed loop transmussion {dedicated demodulation reference signal mode):
by Reserved
b b User resource group starting OFDM symbol index, field value: 0-510. User resource group
e includes DRS symbols. Each user resource group begins with DRS symbols.
b2 baz . by MCS of codeword I indication (see Attachment 1)
b2 bsi.. baa Number of consecutive OFDM symbols in the user resource group, field value: 0 to 511
If by=0,
bis. b indicates th MCS of codeword II:
ifbsy bs=[1111111]. this transmission Whenby,bsy # 11,
uses only one codeword |bse. bz Bitmap indicates CQI or CSI,
by by byy: reserved feedback subchannel
byg b3gbs; Whenby, b,y = 11, indicates the
Ifb =1, MCS of codeword 11
|bse bas: The total number of spatial streams in - |1111111, this transmission uses only one
MU-MIMO is [bzs._bz}+2 codeword
bax bar bss bis._bas = 0000, this transmission is a 2- 0000000~1110111, MCS and number of
stream MU-MIMO streams for SU-MIMO codeword 1T (see
Attachment 1).
by, by = 1110, this transmission 1s a 16-
stream MU-MIMO by~ 1. request CQI feedback
bazba =01, request CSI feedback;
|bas. _bso: indicates the index (starting from 0) of |bazby =11, MCS of codeword 11 is indicated by
starting spatial stream of this STA is [bay_bs;]  |bse b bas
Ib;: bu: reserved
00: BCC code;
buh 01: LDPC code length 1s 1 (determined by capability response frame):
it 10: LDPC code length 1s 2 (determined by capability response frame):
11: LDPC code length 1s 3 (determined by capability response frame)
b 0: Time domain demodulation reference signal mterval 0 (short demodulation reference signal
44
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1: Time domain demodulation reference signal mterval 1 (long demodulation reference signal
interval, see Table )

|00: frequency domain demodulation reference signal interval pattern I (DPIg = 1):
bt 01: frequency domain demodulation reference signal interval pattern 2 (DPI; = 2);
e 10: frequency domain demodulation reference signal interval pattern 3 (DPIy = 4);

11: Reserved

if b; = 0(SU-MIMO transmission), then
b, - byindicates the resources used for signaling and feedback transmission in the user
|resource group, the field value is 0~63:

if by = 1and b,, = 0, indicates total number
of uplink MU-MIMO streams and spatial
stream starting position index

b54..b52,

001, this transmission includes a 2-stream MU-
MIMO:

010, this transmission includes a 3-stream MU-
MIMO:

011, this transmussion includes a 4-stream MU-
MIMO:

100, this transmission includes a S-stream MU-
MIMO:

101, this transmission includes a 6-stream MU-
MIMO:

110, this transmission includes a 7-stream MU-
MIMO:

111, this transmission includes an 8-stream
MU-MIMO:

b51..b49,

[bst bsa. bay Spatial stream starting position index, field

value 0~7.
by = 1, downlink MU-MIMO transmission,

[RgatAprechved if by = 1and by; = 1, indicates the uplink

sounding configuration

b54

I: uplink sounding signals exists in the current
whole UL-TCH;

0: uplink sounding signals exists in the end of
current STA's UL-TCH;

if b54 1s set to “ 1", indicate the location of
starting OFDM symbol of uplink sounding
signal in the current whole UL-TCH.

Assume the index of the last OFDM symbol in
current whole UL-TCH is N. Then the location
of starting OFDM symbol of uplink sounding
signal is

0000: N

0001:N -1

0010: N-2
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I111: N-15

if b34 1s set to *0°, indicate the location of
starting OFDM symbol of uplink sounding
signal in current STA's UL-TCH. Assume the
index of the last OFDM symbol in current
STA’s UL-TCH s N. Then the location of
starting OFDM symbol of uplink sounding
signal 1s

0000: N
0001: N -1
0010: N-2
I111: N-15
B49b48
Indicate the SPI; of uplink sounding signal.
00: SPL: = |
01: SPIy=2
10: SPI: = 4
I1: reserved

b 10. STBC transmussion not adopted:

- 1. STBC transmission adopted.

b by bsy Indicates the index of starting RU, The index of the first RU is 0.

by b, bea Indicates the number of consecutive RUs

b7z Indicates the uplink sounding signal configuration

brs by by Reserved

bos buy by CRC protection based on STAID/BSTAID

Jthe CAP.

Note 1: by bys. . b is the CRC of the TCH t scheduling signaling field and the unique 12-bit ID of the cell allocated by
[bys bys_ bea] =XOR( [0000d;1d ... do]Jstanienn , [C1s€u4...Cajere )

Note 2: The control channel is checked by a 16-bit CRC. The CRC generator polynomial is g(D) = D'* + D'+ D%+ 1.
Definition 1s the same as that in Table 65

Note 3: The signaling and feedback transmission formats indicated by bsy.. byo are given in 1.7.5.6.

10
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4 1.7.5.6.4 Resource indication of Signaling/ feedback transmission channel
5 The information of signaling/ feedback channel is indicated by CCH with CRC scrambled with
6  BSTAID. See Table 73 for the specific fields.
7 TABLE 73
Field definition of resource indication signaling of the signaling/ feedback transmission channel
Definition
Bit
DL UL
Broadcast type:
b b2 by by bi bz by be=0001 indicates the downlink signaling/feedback channel resource:
b b2 by be=0000 indicates the uplink signaling/feedback channel resource
working bandwidth 1 subchannel Bitmap, multiple subchannels can be sct to the same
b7 bs bs by - TS -k
signaling/feedback channel
bis bis ... bs Signaling/ feedback channel resource group starting OFDM symbol index, field value: 0~510
bss by ... by7 Reserved
bas b7 ... b Number of symbols occupied by the signaling/feedback channel, ficld values 1 to 63
bsobss Reserved
b (0: The downlink broadcast channel allocation is valid:
> 1: The downlink broadcast channel allocation is invalid
K i starting index (Starting from 1) occupied by the downlink
das et broadcast channel in signaling/feedback channel
Number of OFDM symbols occupied by the downlink
b&‘ . b!)‘
broadcast channel
T ; Reserved
MCS Indication for downlink broadcast channel
0000: MCS 0
0001: MCS 1
b.jT ase b.u sse
1101: MCS 13
1110: MCS 122
1111: MCS 123

Question/Comment: Dynamic system overhead

Nufront Response: Dynamic system overhead has no negative impact on the results

Answer: 5GMF thanks proponent about figuring out the typo about coding rate of Type-Il SICH
in the table of the 5GMF interim evaluation report. As the attachments B.1 of 5GMF interim

11
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evaluation report, 5GMF used the same SICH assumption as IMT-2020/76, so the Type-Il SICH
was assumed as QPSK with 3/14 LDPC in the simulation.

For this issue, 5GMF has already made the comments as Part Il D) section 1.3 in 5GMF
evaluation report. Dynamic system overhead would be a more realistic modeling of the system
performance than statistical system overhead. For instance, by applying the modeling of
dynamic system overhead, when the SINR of some STAs in the cell becomes low, the system
overhead is increased by selecting robust type of CCH channel or by indicating robust MCS of
signaling/feedback channel. But by using the model of the statistical overhead, the overhead
wouldn’t be changed during the entire simulation time.

12
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NUFRONT

Response to SGMF’s evaluation Part A

September 2, 2022
Nufront

Question/Comment: CCH modeling

5GMF’s comments: More types of CCH have negative impacts to SE

% IMIIF

Modeling for Configuration A (4GHz) N

CCH modeling

Realistic modeling of Type-| CCH, the only CCH Realistic modeling of Type-I/II/Ill CCH and Broadcast CCHs for indicating common |
type for indicating TCH scheduling info in IMT- signaling/feedback channels.Jit introduces extra overhead to all STAs and also the detection

2020/18(Rev.1) errors of CCH have negative impacts to SE

Nufront’s Responses: The SE will be improved through enhanced CCHs

1. About overhead,

a.

Would 5GMF please introduce in detail how the CCH is modeling in the evaluation?
For example, when to use Type-I/II/IIl of CCH, respectively?

Although there are three types of CCH, Type-I CCH can satisfy the performance
requirement of most users. The probability of using Type- II/IIl CCH is much less
than that of Type-I CCH, so it does not increase much extra overhead. Would
SGMF please provide some specific data for analysis, such as the proportion of
Type-I/II/III CCH in the system-level simulation?

After adding Type-II/Ill CCH in new specification, the overhead is slightly
increased, but the performance is greatly improved. The information that could not
be transmitted before can now be successfully transmitted, which will greatly
improve the SE, especially for the 5" percentile user SE.

2. About the detection error of CCH,

a.

Would SGMF clarify which detection error of CCH introduced? Is it type detection
error or bit detection error?

For type detection error, the indexes of starting OFDM symbol for different CCH
Types have been defined in SICH (TABLE 66 in IMT-2020/76). Therefore, there
is no type detection error in CCH.

For bit detection error, the detection is implementation related, and we adopt blind
detection algorithm which will not increase the probability of CCH decoding error.
Would SGMF please introduce how does SGMF carry out detection of CCH in the

evaluation?

3. Conclusion: In IMT-2020/76, the CCH of EUHT-5G is greatly enhanced in flexibility and
reliability, so the error ratio of CCH should be significantly reduced, there will be positive
impact on eMBB SE.
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Question/Comment: Antenna number

5GMF’s comments: More antennas result in little performance gain
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antennas does not help improve the wireless channel characteristics. Therefore, when the number of
antennas continues to increase, the number of transmission layers will not increase too much, and
the improvement of spectral efficiency is limited. So, the results using 16 antennas cannot also meet

As a general comment before the following answers, 5GMF understands that EUHT technology
is not compatible with 3GPP technology by its nature and therefore it makes little sense to
compare the performance and the specifications between these two different technologies in
the proponent’s response.

Answer: First of all, the current results in 5GMF evaluation report have not only considered the
increasing the number of antennas, but also took into account the system overhead,
signaling/feedback channel and so-on. Then, 5GMF’s initial analysis about this topic has been
already captured as Part Il D) section 1.1.

STA. Considering that the STA deployment is randomly and uniformly distributed over the area
as described by ITU-R M.2412, MU’s multiplexing gain is limited to effectively improve the
spectral efficiency due to the limited MU’s multiplexing probability by applying EUHT
technology in the big area, e.g. the dense urban environment. Besides, the performance of a
system with the large number of antennas would be sensitive to the channel quality
measurement of the relevant technology. So, the gain obtained from the number of antennas
increased from 8 to 16 at CAP side in EUHT system was observed to be little.

Nufront’s Responses: More antennas can obtain significant performance gain

1. The trend of MIMO gain should be similar for 3GPP NR and EUHT-5G,

a. Both 3GPP NR and EUHT-5G are MIMO OFDM system with similar parameters.

b. The system level simulations for both systems follow the M.2412.

Cc. So it makes sense to compare the performance between these two different
technologies. And many evaluation results (details in TR 37.910) for 3GPP NR
have proved that the average SE and 5" percentile user SE can be improved due to
antenna number increasing. We think EUHT-5G should have the same
performance trend.

2. Itis common sense that the increase of antenna number can generally improve the wireless
transmission performance such as the available data rate and reliability,

a.  When more antennas are supported, more spatial multiplexing gain, diversity gain
and beamforming gain can be obtained.

b. 1In the self-evaluation simulation of IMT-2020/76, after increasing the number of
antennas and considering the necessary overhead, the performance is significantly
improved.

C. Based on the statements above, the trend of similar system and the self-evaluation
results showed significant performance improvement with more antennas, which
is consistent with the theoretical analysis.

d. Does 5GMF have any explanation for the inconsistent simulation results?

3. About the MU’s multiplexing gain, there are many kinds of MU pairing algorithms, for
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example BD ( Block diagonal precoding ) algorithm which is based on capacity
maximization which does not require MU users to be close to each other. Even in a large
area, MU’s multiplexing gain can still be obtained. Otherwise, would SGMF please explain
why does 3GPP NR support more MU’s multiple users and significantly increase
performance in the meanwhile, such as in dense urban test environment?

Question/Comment: Signaling/feedback channel

SGMF’s comments: Signaling/feedback channels have negative impacts to SE

Signaling/feedback channels Ideal modeling ealistic modeling of dedicated signaling/feedback channel and common signaling/feedbac

channel. It introduces extra overhead to all STAs and also the detection errors of
signaling/feedback channels have negative impacts to SE

Nufront’s Responses: The SE will be improved through enhanced Signaling/feedback channels

1.

We would like to ask SGMF how the ideal modeling of signaling/feedback channel was
conducted before, was it neither overhead nor error considered?

In Nufront’s previous response (20220617), the enhancements for dedicated and
common signaling/feedback channel are described in detail, therefore the performance of
signaling/feedback channel is greatly improved.

The overhead of signaling/feedback information is dynamically changed, for edge users
the resources for signaling/feedback information are surely increased, but the reliability is
increased. For other users, the overhead will be greatly reduced due to higher modulation.
Therefore, the total overhead will be reduced.

For edge users, due to the enhancements for dedicated and common signaling/feedback
channel, the gain is greater than the impact from signaling/feedback overhead increasement.
Therefore, both 5™ percentile user SE and average SE performance will still be improved.
In addition, the error of signaling/feedback information relative to TCH is negligible
because the MCS for signaling/feedback information can be scheduled lower than TCH.
Would 5GMF please introduce how the realistic modeling of signaling/feedback channels

was carried out in the evaluation?
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NUFRONT

Response to SGMF’s evaluation Part B

September 2, 2022
Nufront

Question/Comment: Dynamic mode switching
5GMF’s comments

%MIF Dynamic mode switching will decrease the performance of eMBB
' -

with dynamic mode switching, if all STAs per cell switch to low-error mode, the spectral efficiency would be significantly
decreased due to QPSK only and non-MIMO transmission at low-error mode. This is one reason why EUHT-5G cannot
meet the SE requirements of Indoor and Dense-Urban test environments

A. Spectral efficiency of low-error mode is low for B. Dynamic mode switching is applied per cell, i.e., a
eMBB scenario. cell is in one specific mode in one frame.
Dynamic switching function Realistic switching modeling with ideal preamble

F{eallsllc switching modeling with ideal preamble detectlonl same as implemented in 2021 |
detection

Nufront’s Responses: dynamic mode switching will no decrease the performance

1. The low error mode in EUHT-5G is defined to improve the performance of edge users
which have extremely low SINR.

a. It is common sense that in extremely low SINR scenarios, the designers have to
use low SE to implement the high reliability of transmission. The sacrifice of SE
is worthy because the SE would be ZERO if low error mode is not used in
extremely low SINR scenarios.

b. In addition, through previous responses from Nufront, the comparison of spectral
efficiency between NR and EUHT-5G is given in detail and shows the similar SE

range.
Spectral efficiency [bit/s/Hz]
low error mode of EUHT-5G 0.047 ~ 0.285
Imcs 0-7 of 3GPP NR 0.0586 ~ 0.3066
(TS 38.214 Table 5.1.3.1-3)

2. Due to the enhancements in 5D/979 (IMT-2020/76)

a. Innormal mode, the reliability and performance of EUHT-5G is greatly improved,
therefore the ratios of frames being scheduled in low error mode are very low in
all eMBB scenarios.

b. In addition, with the number of antennas increases from 8 to 16, more MIMO gain
is obtained, the scheduling probability of low error frames is further reduced.

C. When the SINR is extremely low where the normal mode transmission will fail,
low error mode can be scheduled for these users to achieve more reliable data
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transmission and improve the system spectral efficiency.
3. In our self-evaluation simulation, dynamic mode switching can improve the SE of eMBB.
This is consistent with our analysis above.
4. Would 5GMF please explain how to modeling dynamic mode switching in your simulation
and what is the ratio of low error frames in your system-level simulation?

Question/Comment: Broadcast CCHs

5GMF’s comments

Normal mode@2021 Normal mode@2022

CCH Type-l CCH for TCH and dedicated Same as the 2021 version
signaling feedback channel using
QPSK 4/7 and No rep

N/A New Type-Il CCH using QPSK 3/14 and
No rep for indicating TCH scheduling
info.

New Type-Ill CCH using QPSK 3/14 and
2 time-domain rep for indicating TCH
schedulinginfo.

The broadcast CCHs for common Same as the 2021 version
signaling feedback channels

Nufront’s Responses: broadcast CCHs can be transmitted in Type-I/II/IIl CCH

1. As the description of section 1.7.4.2(as figure below), Type-I/II/IIl CCH are the physical
level transmission scheme including different MCS, coding type, number of repetitions and
different time domain resources which are scheduled by CAP.

I.7.42  Control channel field

The control channel consists of multiple unicast and broadcast scheduling signaling. There are three
pes of CCH in normal mode: Type-I CCH, Type-II CCH and Type-III CCH[ CAP can decide I

which types of CCH are used.|If there are different types of CCH in the CCH sub-tield, the OFDM

oxrmhale rirhinh fantain tha cama tima AF T e chanld ha mat tadathar Tha ardar in tima damain

2. The resource indication of common signaling/feedback channel is in the CCH, as the figure
below shows. There is no limitation about the type of the CCH, which means CAP can
decide the physical transmission type of the CCH (modulation, coding, repetition ...).

1.7.5.6.4 Resource indication of Signaling/ feedback transmission channel

The information of signaling/ feedback channel is indicated by CCH| with CRC scrambled with
BSTAID. See Table 73 for the specific fields.
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3. It should be noted that Table 67/68/73/74 in the specification of EUHT-5G only define the
FIELD of the CCH, while the CCH can be transmitted in Type-I/II/IIl CCH transmission
scheme, and necessary padding bits can be added in the CCH bits to fit the Type-I/1I/111
CCH coding.

TABLE 73

Field deﬁniﬁun| of resource indication signaling of the signaling/ feedback transmission channel

Definition

Bit
DL UL

Broadcast type:

4. Through all above, the broadcast CCHs transmitted in Type-I/II/III can also ensure the
reliability of common signaling/feedback channels.
5. In addition, there are two more options for the transmission of signaling/feedback
information:
e Dedicated signaling/feedback channel
e signaling/feedback information grouped with other MAC frames(in G-MPDU)
Which is described in detail in these following sections (1.7.5.6, 1.5.1.2, 1.5.4 and 1.6.11.1.3), and
the reliability of signaling/feedback information in these transmission in TCH channel can be

ensured.

1.7.5.6 Signaling/feedback transmission channel

1.7.5.6.1 General

The signaling/feedback information can be transmitted in traffic channel! grouped with other MAC |
trames JJor§signaling/feedback channell There are two types of signaling/teedback channel. The first
one is the dedicated signaling/feedback channel, which is located at the beginning of STA’s

resource group and uses the same transmission scheme as STA’s traffic data. The second one is the
common signaling/feedback channel, which is located at the beginning of the whole DL/UL TCH.

The transmission format offcommon signaling/feedback channelfis shown in Table 72. The
transmission format of dedicated signalling/feedback channelffollows traffic channel.

6. Therefore, CCHs for common signaling/feedback channel of EUHT-5G are enhanced and

the reliability of signaling/feedback information are ensured.

Question/Comment: Dynamic system overhead
5GMF’s comments:

5@w Dynamic overhead used in eMBB evaluation

With dynamic overhead, the overhead of the system can be more accurately modeled. 5GMF |EG observed the
increase of system overhead, which caused the decreasing SE in the evaluation of Indoor and Dense-Urban test
environments

For instance, as long as some STAs with the low SINR in the cell are scheduled, the overhead for EUHT system is significantly increased
by selecting robust type of CCH channel or by indicating robust MCS of signaling/feedback channel, which will impact SE.
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Nufront’s Responses: dynamic overhead will not cause the decreasing of SE

1.

Would 5GMF please provide more detail values (average) for the dynamic system overhead?
We should clarify again CCH is user-specific, if some STAs with low SINR use more robust
CCH or signaling/feedback channel, only the overhead of these specific STA will be
increased.
In the EUHT-5G self-evaluation dynamic system overhead modeling was already used, as
the system overhead of each frame and each CAP may be different and cannot be fully
captured in the final report, therefore the average value of the overhead is used for each
item in the EUHT-5G self-evaluation report.
It should be noted that in the EUHT-5G self-evaluation report, the max overhead
assumptions are directly used for some channels in all eMBB test environments, such as
Preamble /SICH etc. Take the SICH as an example, type-I SICH occupies one symbol and
enhanced type-II SICH occupies two symbols, each CAP can schedule the type of SICH in
each frame and the final average value of SICH OH is very likely to be less than the max
overhead assumption. Therefore, the overhead indicated in the self-evaluation report is
already over estimated.
In 5D/979 (IMT-2020/76) , the whole enhancements of S-preamble/CRS/ SICH/CCH/TCH
further improve reliability and performance of EUHT-5G which will highly increase the SE
of eMBB test environments, surely the enhancements will bring some extra system
overhead, but the negative impact will be far outweighed by the obvious performance gain
from the whole enhancements.
Finally, the specification in 5D/979 (IMT-2020/76) is the enhanced version of 5D/222
(IMT-2020/18(Rev.1) ) . Due to the enhancements, the EUHT-5G technology is more
flexible and reliable, the performance of EUHT-5G should be better than the previous
version in any case especially the spectral efficiency of eMBB.
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Response to Nufront’s questions and comments

September 20, 2022

The Fifth Generation Mobile Communication Promotion Forum
IMT-2020 Evaluation group

This document provides 5GMF’s reply to Nufront’s question (Document name is
“Nufront_response_to_5GMF_20220902_partA”).

Question/Comment: CCH modeling

Nufront Response :

ra

Nufront’s Responses. The SE will be improved through enhanced CCHs

About overhead,

a,

Would SGMF please introduce in detail how the CCH is modeling in the evaluation?
For example, when to use Type-VIVIIT of CCH. respectively?

Although there are three types of CCH, Type-1 CCH can satisfy the performance
requirement of most users, The probability of using Type- II/III CCH s much less
than that of Type-I CCH, so it does not increase much extra overhead. Would
SGMF please provide some specific data for analysis, such as the proportion of
Type-UVIIIT CCH in the system-level simulation?

After adding Type-IVIII CCH n new specification, the overhead is slightly
mncreased, but the performance 18 greatly improved. The mformation that could not
be transmitted before can now be successfully transmitted, which will greatly
improve the SE, especially for the 5* percentile user SE.

About the detection error of CCH,

&

Would SGMF clanfy which detection error of CCH introduced? Is it type detection
error or bit detection error?

For type detection error, the indexes of starting OFDM symbol for different CCH
Types have been defined in SICH (TABLE 66 in IMT-2020/76). Therefore, there
is no type detection error in CCH,

For bit detection error, the detection 1s implementation related, and we adopt blind
detection algorithm which will not increase the probability of CCH decoding error.
Would SGMF please introduce how does SGMF carry out detection of CCH in the
evaluation?

Conclusion: In IMT-2020/76. the CCH of EUHT-5G is greatly enhanced in flexibility and
reliability, so the error ratio of CCH should be significantly reduced, there will be positive
impact on eMBB SE.

5GMF IEG’s Answer:
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— About overhead

5GMF IEG constructs CCH modelling process according to the response of Nufront as below
figure. Besides, the performance of Type-I/li/Ill CCH are simulated in AWGN channel in link level
simulation separately according to EUHT specification. Selecting the Type-I/1l/Ill CCH is based on
the current SINR of each STA, e.g. when the current SINR of a STA is lower than the SNR value at
the 1% BLER in type-1 CCH curve and is higher than the SNR value at the 1% BLER in type-Ill CCH
curve, CAP would select the type-Il CCH to indicate the resource of TCH transmission for this STA.
The simulator of 5GMF IEG does not support the function of collecting the data of CCH types for
statistics analysis.

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.

B The performance curve of control channel in the normal mode from the link-level simulation is shown as below

AWGN NEx=1 Nex =1
S E— .
|
|
]
|
1
|

=@ CTH in norma! made

1
|
|
|
|
|

SNR {08)

As pointed by the comments “the success rate of receiving TCH is obviously degraded after
constructing CCH curve that the Nufront provided” in Part Il D) 1.2 in 5D/740, the CCH
performance (Type- | CCH) was proved to degrade the spectral efficiency. So, the probability of
using Type- II/Ill CCH should be high, because the performance of Type- | CCH is not good
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enough. Then, by introducing these Type- Il/Ill CCHs the increased overhead will then decrease
the SE, as 5GMF evaluation results.

— About detection error of CCH

The detection error of CCH in the current 5GMF’s simulation is the decoding error with assuming
ideal blind detection. It shall be noted that the simulations have not considered the impact of
false blind detection possibility, which will further degrade the CCH performance.

— Conclusion

Although 5GMF’s simulator takes into account the robust performance of Type-Il/lll CCH, the
overhead introduced by these Type-II/Ill CCHs would decrease the SE according to the 5GMF
simulation results in 50/1251 and materials in EUHT workshop on 2™ September, and the SE
should be further reduced if the blind detection error of CCH is modelled.

Question/Comment: Antenna number

Nufront Response :

Nufront’s Responses More antennas can obtain significant performance gain

. The trend of MIMO gain should be similar for 3GPP NR and EUHT-5G,

a.  Both 3GPP NR and EUHT-5G are MIMO OFDM system with similar parameters.

b. The system level simulations for both systems follow the M.2412.

¢. So it makes sense to compare the performance between these two different
technologies. And many evaluation results (details in TR 37.910) for 3GPP NR
have proved that the average SE and 5" percentile user SE can be improved due to
antenna number increasing. We think EUHT-5G should have the same
performance trend.

2. Itis common sense that the increase of antenna number can generally improve the wireless
transmission performance such as the avalable data rate and reliability,

2. When more antennas are supported, more spatial multiplexing gan, diversity gain
and beamforming gam can be obtained.

b. In the self-evaluation simulation of IMT-2020/76, after increasing the number of
antennas and considering the necessary overhead, the performance is significantly
improved.

c. Based on the statements above, the trend of similar system and the self-evaluation
results showed significant performance improvement with more antennas, which
is consistent with the theoretical analysis

d. Does SGMF have any explanation for the inconsistent simulation results?

3. About the MU’s multiplexing gain, there are many kinds of MU pairing algorithms, for
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cxample BD  ({ Block diagonal precoding ) algorithm which s based on capacity
maximization which does not require MU users to be close to ¢ach other. Even in a large
area, MU"s multiplexing gain can still be obtamned. Otherwise, would SGMF please explain
why does 3GPP NR support more MU's multiple users and significantly increase

performance in the meanwhile, such as in dense urban test environment?

5GMF IEG’s Answer:

5GMF IEG has already addressed the relationship between EUTH and 3GPP technology as the
“S5GMF _reply_to_Nufront(20220719).pdf”.

SGMF comments

As a general comment before the following answers, SGMF understands that EUHT technology
is not compatible with 3GPP technology by its nature and therefore it makes little sense to
compare the performance and the specifications between these two different technologies in
the proponent’s response,

5GMF IEG has already addressed this issue as Part Il D) Section 1 “Gaps/deficiencies in
submitted material and/or self-evaluation” in the 5GMF evaluation report 50/1251 and
“5GMF_reply_to_Nufront(20220719).pdf”. Considering that the STA deployment is randomly
and uniformly distributed over the area as described by ITU-R M.2412, MU’s multiplexing gain is
limited to effectively improve the spectral efficiency due to the limited MU’s multiplexing
probability by applying EUHT. The capacity maximization MU pair algorithm is already used in
5GMF simulation in 5D/1251 and materials in EUHT workshop on 2" September. Furthermore,
the simulation results of 5GMF IEG not only consider the influence of antenna number, but also
take the impact of dynamic overhead, CCH and signalling/feedback channel into account.

Question/Comment: Signalling/feedback channel

Nufront Response :
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Nufront’s Responses . The SE will be improved through enhanced Signaling/feedback channels

1. We would like to ask SGMF how the ideal modeling of signaling/feedback channel was

conducted before, was it neither overhead nor emror considered?

9

In Nufront's previous response (20220617), the enhancements for dedicated and
common signaling/feedback channel are described in detail, therefore the performance of
signaling/feedback channel is greatly improved.

3. The overhead of signaling/feedback information is dynamically changed, for edge users
the resources for signaling/feedback mformation are surely increased, but the relability 1s
increased. For other users, the overhead will be greatly reduced due to higher modulation.
Therefore, the total overhead will be reduced.

4. For edge users. due to the enhancements for dedicated and common signaling/feedback

channel, the gain is greater than the impact from signaling/feedback overhead increasement.

Therefore, both 5" percentile user SE and average SE performance will still be improved

w

In addition, the error of signaling/feedback information relative to TCH is negligible
because the MCS for signaling/feedback information can be scheduled lower than TCH.
6. Would SGMF please introduce how the realistic modeling of signaling/feedback channels

was carned out in the evaluation?

5GMF IEG’s Answer:

Ideal modelling of signalling/feedback channels means that the simulator does not take the
both overhead and error of signalling/feedback channel into account.

5GMF IEG constructs the realistic modelling of EUHT signalling/feedback channel, according to

the section 1.7.5.6 in the revised EUHT specification of IMT-2020/76. The 5GMF IEG’ simulator

considers both the overhead and the detection-error probability of signalling/feedback channel
in the evaluation.

5GMF has already made the comments as “the success rate of receiving TCH is degraded and
system overhead is increased after constructing the model of signaling/feedback channel” as
Part Il D) 1.1 “EUHT signaling/feedback transmission channel for eMBB evaluation” in the 5GMF
evaluation report 5D/1251.

In addition, according to the further analysis of dynamic overhead provided in the EUHT
workshop on 2" September, the overhead will impact SE, as long as the robust
signalling/feedback channels are scheduled to the users with the low SINR (refer to the figures
below).
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®Cwr  Dynamic overhead used in eMBB evaluation

For instance, as long as some STAS with the low SINR in the cell are scheduled, the overhead for EUHT system is significantly increased

by selecting robust type of CCH channel or by indicating robust MCS of signaling/feedback channel, which will impact SE,
But If using the fixed OH, the overhead wouldn't be changed during the entire simulation time,
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Response to Nufront’s questions and comments

September 20, 2022
The Fifth Generation Mobile Communication Promotion Forum
IMT-2020 Evaluation group

This document provides 5GMF’s reply to Nufront’s question (Document name is
“Nufront_response_to_5GMF_20220902_partB”).

Question/Comment: Dynamic mode switching

Nufront Response :

Nufront’s Responses: dynamic mode switching will no decrease the performance

I. The low error mode in EUHT-5G 1s defined to improve the performance of cdge users
which have extremely low SINR.

a.  Itis common sense that in extremely low SINR scenanos. the designers have to
use low SE to implement the high reliability of transmission. The sacrifice of SE
is worthy because the SE would be ZERO if low error mode is not used in
extremely low SINR scenanos,

b. In addition, through previous responses from Nufront, the companison of spectral
efficicncy between NR and EUHT-5G is given in detail and shows the similar SE

range.
Spectral efficiency [bit's/Hz]
low error mode of EUHT-5G 0.047 ~ 0.285
Iacs 0-7 of 3GPP NR (.0586 ~ 0.3066
(TS 38.214 Table 5.1.3.1-3)

2. Due to the enhancements in 3D/979 (IMT-2020176)

a.  Innormal mode, the reliability and performunce of EUHT-5G is greatly improved,
therefore the ratios of frames being scheduled in low error mode are very low in
all eMBB scenanos.

b. In addition. with the number of antennas increases from 8 to 16, more MIMO gain
is obtained, the scheduling probability of fow error frames is further reduced.

¢.  When the SINR is extremely low where the normal mode transmission will fail,
low emror mode can be scheduled for these users to achieve more reliable data

transmisston and improve the system spectral efficiency.
3. In our self-evaluation simulation, dynamic mode switching can improve the SE of eMBB
This i1s consistent with our analysis above,
4. Would SGMF please explain how to modeling dynamic mode switching in your simulation
and what is the ratio of low error frames in your system-level simulation?
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5GMF IEG’s Answer:

— About low efficiency of low-error mode of EUHT

5GMF IEG has already made the comments about the relationship between EUTH and 3GPP
technology as the “5GMF_reply_to_Nufront(20220719).pdf".

SGMF comments

As a general comment before the following answers, SGMF understands that EUHT technology
is not compatible with 3GPP technology by its nature and therefore it makes little sense to
compare the performance and the specifications between these two different technologies in
the proponent’s response,

Besides, 5GMF IEG has already made the comments about dynamic mode switching in the EUHT
workshop on 2" September as below figure.

le Dynamic mode switching will decrease the performance of eMBB

A. Spectral efficiency of low-error mode is low for B. Dynamic mode switching is applied per cell, i.e., a
eMBB scenario. cell is in one specific mode in one frame.

TCH transmission in low-error mode has no-MIMO, The mode switching is applied per cell, not per user. If
QPSK only, small codeword size, at least 4 repetition the s-preamble is changed between “normal mode” and
transmission and so on, according to the section 1.7.4.2 “low error mode”, all users in this cell have to switch into
of EUHT specification (see below). the corresponding mode for receiving CRS, SICH and CCH.

Section 1.7.4.2 Section 1.7.1.1
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5GMF IEG has different views about the Nufront’s elaboration and/or comments regarding
dynamic mode switching in their replies, and also the relation with the scheduler commented in
the EUHT workshop on 2" September.
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—  Firstly, the scheduling algorithm is proportional fair (PF) in the simulation assumption, so
each user should have fairly scheduling chance regardless of its SINR which could be low or
high.

— Then, as ITU-R report M.2412, the spectral efficiency of a user is calculated as “Total
correctly decode bits of this user R / The whole simulation time T”. The SE of the user with
medium/high SINR should be impact by the CAP’s selecting the low-error mode as below
analysis.

B On one side, even if the users with medium/high SINR are NOT scheduled in a frame of
low-error mode and only scheduled in frames of normal mode, all the frames including
the frames of low-error mode will be considered into whole simulation time T of these
users. The SE of these users are still impact by the frames of low-error mode.

B On the other side, if the users with medium/high SINR are scheduled in the frame of
low-error mode, the SE of these users would be limited by the QPSK only and non-
MIMO transmission, which are the characteristics of low-error mode.

— About the ratio of low-error mode of EUHT

It is worth to note the low error mode of EUHT is per cell in both DL and UL. Once one of the
users with the low SINR in DL or UL was scheduled in the frame of low-error mode, the whole
frame (includes UL and DL symbols) during which all STAs scheduled in this cell has to be in low-
error mode. So, the ratio of low-error mode should not be low. Therefore, in 5GMF’s
understanding, both the DL SE and UL SE are negatively impacted by the low-error mode.

— About the modelling of low-error mode of EUHT

In 5GMF’s evaluation, each CAP decides if each frame is in low-error mode or normal mode,
while the maximum ratio of low-error mode is set to 0.8. The selection criteria of modes is based
on the consideration on the current spectrum efficiency value and TCH BLER. For instance, when
the users with low SINR would be scheduled in one frame according to the PF scheduling
algorithm, the mode of the frame will be determined to be the low-error mode if the selection
criteria of low-error mode is meet.

Question/Comment: Broadcast CCHs

Nufront Response :
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Nufront’s Responses. broadcast CCHs can be transmitted in Type-I/II/IIl CCH

l.  As the description of section 1.7.4.2(as figure below), Type-VIVIIT CCH are the physical
level transmission scheme including different MCS, coding type, number of repetitions and
different time domain resources which are scheduled by CAP.

1.742 Control channel ficld

l’be conltol dnunel consists of multiple unicast and broadcast schedubing signs

node- Type-1 CCH, rmmcmmmmm
{ there nre different types of CCH in the CCH

e -.l.nl- bk cnntane tha cama toma o O shanld b s tnsthar Tha Mv“ LR TR la-‘-.n

2. The resource indication of common sngnalmg/fccdback channel is in the CCH. as lhc ﬁgurc

1.7.5.64  Resource indication of Signaling/ feedback transmission channel

The information of signaling/ feedback channel is indicated by COH| with CRC scrambled with
BSTAID. Sce Table 73 for the specific ficlds.
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3.

Which

ensured.

6.

the reliability of signaling/feedback information in these transmission in TCH channel can be

It should be noted that Table 67/68/73/74 in the specification of EUHT-5G only define the
FIELD of the CCH, while'the CCH can be transmitted in Type-I/IIA1I CCH transmission
CCH codin g i

TABLE 73
Fhebd definition of resource indbcation sigmaling of the signaling fecdback transmisshan channel

Defimitinn
Bt

Hrosdcnt type

Through all above, the broadcast CCHs transmitted in Type-IIVIII can also ensure the
reliability of common signaling/feedback channels,
In addition, there are two more options for the transmission of signaling/feedback
information:

e Dedicated signaling/feedback channel

o signaling/feedback mformation grouped with other MAC frames(in G-MPDU)
is described in detail in these following sections (1.7.5.6, 1.5.1.2, 1.5.4 and 1.6.11.1.3), and

1.7.5.6 Signaling/feedback transmission channel

can be transmitted i traffic a;hanncl!E\mF-d with other MAC '
There are two types of signaling/ ck channe (]
one 15 the dedicated signaling ck channel, which is located ot the beginning of STA's

resource group and uses the same transmission scheme as STA's traffic data, The second one 18 the
common signaling feedback channel, which is located at the beginning of the whole DL/UL TCH

The ransmission format ool 5 ck chanmellis shown in Table 72, The
transmission format of gedicated signalling feedback channe§tollows traffic channel

Therefore, CCHs for common signaling/feedback channel of EUHT-3G are enhanced and
the reliability of signaling/feedback information are ensured.

L7561 General

5GMF IEG’s Answer:

5GMF IEG has already made the comments” that the broadcast CCHs for common
signalling/feedback channels and other functions have no repetition and no low coding rate.
Therefore, the low SINR of cell-edge STA will cause the miss-detection of broadcast CCH.” as
Part Il D) section 1.2 in 5GMF evaluation report 5D/1251.

Regarding the above Nufront’s comments “necessary padding bits can be added in the CCH bits

to fit the

type-1/1l/Ill CCH coding by CAP itself”, 5GMF IEG observes that there is no signalling or

procedure specified for adding padding bits to fit the type-1/1l/Ill CCH coding in the revised EUHT
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specification of IMT-2020/76. So, it is not specified how the STA should distinguish which bit
fields carried in the CCH, when there are at least 4 candidates of the bit field in Table 67 and
Table 68 in section 1.7.4.2, Table 73 in section 1.7.5.6.4 and Table 74 in section 1.7.5.6.5.
Therefore, in 5GMF’s understanding, the EUHT specification does not support the broadcast CCH
for indicating the resource of signalling/feedback channel with Type-I/Ii/Ill CCH coding.

Besides, the results in 5GMF’s evaluation report 5D0/1251 and the materials in EUHT workshop
on 2" September have already considered that the signalling/feedback information of a STA
could be transmitted in DL/UL TCH (with MAC data frame) when there is DL/UL TCH
transmission scheduled to this STA in the same frame.

Question/Comment: Dynamic overhead

Nufront Response :

Nufront's Responses: dynamic overhead will not cause the decreasing of SE

. Would SGMF please provide more detail values (average) for the dynamic system overhead?

2. Weshould clarify again CCH 1s user-specific, if some STAs with low SINR use more robust
CCH or signaling/feedback channel, only the overhead of these specific STA will be
ncreased,

3. Inthe EUHT-5G sclf-cvaluation dynamic system overhead modeling was already used, as
the system overhead of each frame and cach CAP may be different and cannot be fully
captured in the final report, therefore the average value of the overhead is used for each
item in the EUHT-5G self-evaluation report.

4. It should be noted that in the EUHT-5G sclf-evaluation report, the max overhead

assumptions are directly used for some channels in all ¢eMBB test environments, such as

Preamble /SICH ete. Take the SICH as an example, type-1 SICH occupies one symbol and

enhanced type-11 SICH occupies two symbols, cach CAP can schedule the type of SICH in

each frame and the final average value of SICH OH is very likely to be less than the max
overhead assumption. Therefore, the overhead indicated in the self-evaluation report 1s
already over estimated.

In 5D/979 (IMT-2020/76) , the whole enhancements of S-preamble/CRS/ SICH/CCH/TCH

further improve reliability and performance of EUHT-5G which will highly increase the SE

N

of eMBB test environments, surely the enhancements will bnng some extra system
overhead, but the negative impact will be far outweighed by the obvious performance gain
from the whole enhancements,
6. Finally, the specification in SD/979 (IMT-2020/76) is the enhanced version of 5D/222
(IMT-2020/18(Rev.1) ) . Due to the enhancements, the EUHT-5G technology is more
flexible and reliable, the performance of EUHT-5G should be better than the previous
version in any case especially the spectral efficiency of eMBB.

S5GMF IEG’s Answer:
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5GMF IEG has already made the comments that “new types of SICH/CCH/CRS transmission
required more time-frequency resources and would degrade the spectral efficiency” as Part Il D)
section 1.3 in 5GMF evaluation report 5D/1251. The simulator of 5GMF IEG does not support
the function of collecting the data for statistical analysis, e.g., average overhead.

In addition, according to the further analysis of dynamic overhead provided in the EUHT
workshop on 2" September (refer to the slide below), the increased overhead will impact SE, as
long as the robust signalling/feedback channels or robust type CCH are adopted for the users
with the low SINR.

Dynamic overhead used in eMBB evaluation

@

For instance, as long as some STAS with the low SINR in the cell are scheduled, the overhead for EUHT system is significantly increased
by selecting robust type of CCH channel or by Indicating robust MCS of signaling/feedback channei, which will impact SE.

But if using the fixed OH, the overhead wouldn’t be changed during the entire simulation time.
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DL_Para_4GHz


			InH - eMBB			Reference value from IMT-2020/76			Source1


			Technical Config Parameters			Config A (4G)			Config A (4G)


			Multiple access			OFDMA			OFDMA


			Duplexing			TDD			TDD


			Network synchronization			Synchronized			Synchronized


			Modulation			Up to 1024QAM			Up to 1024QAM


			Coding on DL-TCH			LDPC			LDPC


			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


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


			MU dimension			Up to 16 layers			Up to 16 layers


			SU dimension			Up to 8 layers			Up to 8 layers


			ACK/NACK delay			Current frame			Current frame


			Re-transmission delay			Next available frame			Next available frame


			Antenna Config at TRxP			16Tx, (8,4,2,1,1; 2,4)			16Tx, (8,4,2,1,1; 2,4)


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


			Scheduling			PF			PF


			Receiver			MMSE-IRC			MMSE-IRC


			Channel estimation			Non-ideal			Non-ideal


			System Config parameters


			Mechanic tilt 			180° in GCS			180° in GCS


			Electronic tilt			90° in LCS			90° in LCS


			Handover margin (dB)			1			1


			Wrapping around method			No wrapping around			No wrapping 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


			Feedback channel and CCH model						DL Feedback channel and CCHs  (Type-I/II/III CCHs for indicating DL TCH and broadcast CCH for indicating DL common feedback channel) are modeled


			Criteria for selection for mode						Considering current spectrum efficiency  value and TCH BLER


			Dynamic Overhead						As the contents in DL_OH sheet


			TCH Modulation and coding in low-error mode						QPSK, LDPC 4/7 coding rate with 448 codeword size, Maximum Repetition 16


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








DL_Para_30GHz and 70GHz


			InH - eMBB			Reference value from IMT-2020/76			Source1			Reference value from IMT-2020/76			Source1


			Technical Config Parameters			Config B (30G) 			Config B ( 30GHz)			Config C (70G)			Config C ( 70GHz)


			Multiple access			N/A			OFDMA			N/A			OFDMA


			Duplexing			N/A			TDD			N/A			TDD


			Network synchronization			N/A			Synchronized			N/A			Synchronized


			Modulation			N/A			Up to 1024QAM			N/A			Up to 1024QAM


			Coding on DL-TCH			N/A			LDPC			N/A			LDPC


			Numerology			N/A			390.625 KHz SCS			N/A			390.625 KHz SCS


			Simulation bandwdith			N/A			100 MHz			N/A			100 MHz


			Frame structure			N/A			DL:UL = 2:1			N/A			DL:UL = 2:1


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


			MU dimension			N/A			Up to 16 layers			N/A			Up to 16 layers


			SU dimension			N/A			Up to 8 layers			N/A			Up to 8 layers


			ACK/NACK delay			N/A			Current frame			N/A			Current frame


			Re-transmission delay			N/A			Next available frame			N/A			Next available frame


			Antenna Config at TRxP			N/A			16Tx, (8,4,2,1,1; 2,4)			N/A			16Tx, (8,4,2,1,1; 2,4)


			Antenna Config at UE			N/A			8Rx, (1,4,2,1,1; 1,4)			N/A			8Rx, (1,4,2,1,1; 1,4)


			Scheduling			N/A			PF			N/A			PF


			Receiver			N/A			MMSE-IRC			N/A			MMSE-IRC


			Channel estimation			N/A			Non-ideal			N/A			Non-ideal


			System Config parameters


			Mechanic tilt 			N/A			180° in GCS			N/A			180° in GCS


			Electronic tilt			N/A			90° in LCS			N/A			90° in LCS


			Handover margin (dB)			N/A			1			N/A			1


			Wrapping around method			N/A			No wrapping around			N/A			No wrapping around


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


			Dynamic Overhead						As the contents in DL_OH sheet						As the contents in DL_OH sheet


			Feedback channel and CCH model						DL Feedback channel and CCHs  (mmWave CCHs for indicating DL TCH and broadcast CCH for indicating DL common feedback channel) are modeled						DL Feedback channel and CCHs  (mmWave CCHs for indicating DL TCH and broadcast CCH for indicating DL common feedback channel) are modeled


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








UL_Para_4GHz


			InH - eMBB			Reference value from IMT-2020/76			Source 1


			Technical Config Parameters			Config A (4G)			Config A (4G)


			Multiple access			OFDMA			OFDMA


			Duplexing			TDD			TDD


			Network synchronization			Synchronized			Synchronized


			Modulation			Up to 1024QAM			Up to 1024QAM


			Coding on UL-TCH			LDPC			LDPC


			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


			Transmission scheme			SU-MIMO			SU-MIMO


			SU dimension			Up to 8 layers			Up to 8 layers


			Antenna Config at TRxP			16Rx,  (8,4,2,1,1; 2,4)			16Rx,  (8,4,2,1,1; 2,4)


			Antenna Config at UE			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


			Scheduling			PF			PF


			Receiver			MMSE-IRC			MMSE-IRC


			Channel estimation			Non-ideal			Non-ideal


			Power control parameter			P0=-45, alpha = 0.6			P0=-45, alpha = 0.6





			System Config parameters


			TRxP number per site			1			1


			Mechanic tilt 			180° in GCS			180° in GCS


			Electronic tilt			90° in LCS			90° in LCS


			Handover margin (dB)			1			1


			Wrapping around method			No wrapping around			No wrapping 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 


			Feedback channel and CCH model						UL Feedback channel and CCHs  (Type-I/II/III CCHs for indicating UL TCH and broadcast CCH for indicating UL common feedback channel) are modeled


			Criteria for selection for mode						Considering current spectrum efficiency  value and TCH BLER


			Dynamic Overhead						As the contents in UL_OH sheet


			TCH Modulation and coding in low-error mode						QPSK, LDPC 4/7 coding rate with 448 codeword size, Maximum Repetition 24


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








UL_Para_30GHz and 70GHz


			InH - eMBB			Reference value from IMT-2020/76			Source 1			Reference value from IMT-2020/76			Source 1


			Technical Config Parameters			Config B (30G)			Config B (30G)			Config C (70G)			Config C (70G)


			Multiple access			N/A			OFDMA			N/A			OFDMA


			Duplexing			N/A			TDD			N/A			TDD


			Network synchronization			N/A			Synchronized			N/A			Synchronized


			Modulation			N/A			Up to 1024QAM			N/A			Up to 1024QAM


			Coding on UL-TCH			N/A			LDPC			N/A			LDPC


			Numerology			N/A			390.625 KHz SCS			N/A			390.625 KHz SCS


			Simulation bandwdith			N/A			100 MHz			N/A			100 MHz


			Frame structure			N/A			DL:UL = 2:1			N/A			DL:UL = 2:1


			Transmission scheme			N/A			SU-MIMO			N/A			SU-MIMO


			SU dimension			N/A			Up to 8 layers			N/A			Up to 8 layers


			Antenna Config at TRxP			N/A			16Rx,  (8,4,2,1,1; 2,4)			N/A			16Rx,  (8,4,2,1,1; 2,4)


			Antenna Config at UE			N/A			8Tx, (1,4,2,1,1; 1,4)			N/A			8Tx, (1,4,2,1,1; 1,4)


			UL re-transmission delay			N/A			Next available frame			N/A			Next available frame


			Scheduling			N/A			PF			N/A			PF


			Receiver			N/A			MMSE-IRC			N/A			MMSE-IRC


			Channel estimation			N/A			Non-ideal			N/A			Non-ideal


			Power control parameter			N/A			P0=-45, alpha = 0.6			N/A			P0=-45, alpha = 0.6





			System Config parameters


			TRxP number per site			N/A			1			N/A			1


			Mechanic tilt 			N/A			180° in GCS			N/A			180° in GCS


			Electronic tilt			N/A			90° in LCS			N/A			90° in LCS


			Handover margin (dB)			N/A			1			N/A			1


			Wrapping around method			N/A			No wrapping around			N/A			No wrapping around


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


			Dynamic Overhead						As the contents in UL_OH sheet						As the contents in UL_OH sheet


			Feedback channel and CCH model						UL Feedback channel and CCHs  (mmWave CCHs for indicating UL TCH and broadcast CCH for indicating UL common feedback channel) are modeled						UL Feedback channel and CCHs  (mmWave CCHs for indicating UL TCH and broadcast CCH for indicating UL common feedback channel) are modeled


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








DL_OH


			Indoor Hotspot - eMBB						DL_OH
(symbols/frame)


			Overhead assumption


									Reference value from IMT-2020/76
Config A (4G)			Source 1
Config A (4G)			Reference value from IMT-2020/76
Config B (30G)			Source 1
Config B  (30G)			Reference value from IMT-2020/76
Config C  (70G)			Source 1
Config C  (70G)


			CCH						10			modeled as dynamic CCH 			N/A			modeled as dynamic CCH			N/A			modeled as dynamic CCH


			DL-SCH						4			4			N/A			4			N/A			4


			DRS						8			8			N/A			40			N/A			40


			GI						2			2			N/A			4			N/A			4


			Preamble						3			3			N/A			2			N/A			2


			SICH						2			2			N/A			8			N/A			2


			Total data symbols						64			total DL symbols- dynamic total OH			N/A			total DL symbols- dynamic total OH			N/A			8


			DL common signaling/feedback channel						N/A			modeled as dynamic signaling			N/A			modeled as dynamic signaling			N/A			modeled as dynamic signaling


			DL dedicated signaling/feedback channel						N/A			modeled as dynamic signaling			N/A			modeled as dynamic signaling			N/A			modeled as dynamic signaling


			DL TRN for Config B and Config C						N/A			N/A			N/A			modeled as dynamic signaling			N/A			modeled as dynamic signaling


			Total OH						29			CCH+ DL-SCH+DRS+GI+preamble+ SICH + signaling/feedback channel			N/A			CCH+ DL-SCH+DRS+GI+preamble+ SICH + signaling/feedback channel + DL TRN			N/A			CCH+ DL-SCH+DRS+GI+preamble+ SICH + signaling/feedback channel + DL TRN


			Total OH (%)						31.18%			dynamic total OH			N/A			dynamic total OH			N/A			dynamic total OH








UL_OH


			Indoor Hotspot - eMBB						UL_OH
(symbols/frame)


			Overhead assumption


									Reference value from IMT-2020/76
Config A (4G)			Source 1
Config A (4G)			Reference value from IMT-2020/76
Config B (30G)			Source 1
Config B (30G)			Reference value from IMT-2020/76
Config C (70G)			Source 1
Config C (70G)


			UL-SCH						6			6			N/A			6			N/A			6


			DRS						4			4			N/A			20			N/A			20


			GI						1			1			N/A			1			N/A			1


			Total data symbols						35			total UL symbols- dynamic total OH			N/A			total UL symbols- dynamic total OH			N/A			total UL symbols- dynamic total OH


			UL common signaling/feedback channel						N/A			modeled as dynamic signaling			N/A			modeled as dynamic signaling			N/A			modeled as dynamic signaling


			UL dedicated signaling/feedback channel						N/A			modeled as dynamic signaling			N/A			modeled as dynamic signaling			N/A			modeled as dynamic signaling


			UL TRN for Config B and Config C						N/A			N/A			N/A			modeled as dynamic signaling			N/A			modeled as dynamic signaling


			Total OH						11			 UL-SCH+DRS+GI+ signaling/feedback channel			N/A			 UL-SCH+DRS+GI+ signaling/feedback channel + UL TRN			N/A			 UL-SCH+DRS+GI+ signaling/feedback channel + UL TRN


			Total OH (%)						23.91%			dynamic total OH			N/A			dynamic total OH			N/A			dynamic total OH











Results_4GHz_12TRxP


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


			DL Spectral efficiency			TDD																																										DL Spectral efficiency


						EUHT			16x8 adaptive SU/MU -MIMO			78.125 kHz SCS			DL:UL = 2:1			Average [bit/s/Hz/TRxP]			9			6.53						6.53						1			LESS												6.09						6.09						1			LESS


																		5th percentile [bit/s/Hz]			0.3			0.083						0.083						1			LESS												0.097						0.097						1			LESS








			UL spectral efficiency			TDD																																										UL spectral efficiency


						EUHT			8x16  SU MIMO			78.125 kHz SCS			DL:UL = 2:1			Average [bit/s/Hz/TRxP]			6.75			3.81						3.81						1			LESS												3.7						3.7						1			LESS


																		5th percentile [bit/s/Hz]			0.21			0.097						0.097						1			LESS												0.117						0.117						1			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			16x8 adaptive SU/MU -MIMO			390.625 kHz SCS			DL:UL = 2:1			Average [bit/s/Hz/TRxP]			9			3.61						3.61						1			LESS


																		5th percentile [bit/s/Hz]			0.3			0.070						0.07						1			LESS








			UL spectral efficiency			TDD


						EUHT			8x16  SU MIMO			390.625 kHz SCS			DL:UL = 2:1			Average [bit/s/Hz/TRxP]			6.75			2.03						2.03						1			LESS


																		5th percentile [bit/s/Hz]			0.21			0.047						0.047						1			LESS











Results_70GHz_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			16x8 adaptive SU/MU -MIMO			390.625 kHz SCS			DL:UL = 2:1			Average [bit/s/Hz/TRxP]			9			3.11						3.11						1			LESS


																		5th percentile [bit/s/Hz]			0.3			0.042						0.042						1			LESS








			UL spectral efficiency			TDD


						EUHT			8x16  SU MIMO			390.625 kHz SCS			DL:UL = 2:1			Average [bit/s/Hz/TRxP]			6.75			1.97						1.97						1			LESS


																		5th percentile [bit/s/Hz]			0.21			0.028						0.028						1			LESS
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SpectralEfficiency - 02 DenseUrban-eMBB-v03.xlsx

DL_Para_4GHz


			Dense Urban - eMBB			Reference value from IMT-2020/76			Source1			Source2


			Technical Configuration Parameters			Config A (4G)			Config A (4G)			Config A (4G)


			Multiple access			OFDMA			OFDMA			OFDMA


			Duplexing			TDD			TDD			TDD


			Network synchronization			Synchronized			Synchronized			Synchronized


			Modulation			Up to 1024QAM			Up to 1024QAM			Up to 1024QAM


			Coding on DL-TCH			LDPC			LDPC			LDPC


			Numerology			78.125 KHz SCS			78.125 KHz SCS			78.125 KHz SCS


			Simulation bandwdith			20MHz			20MHz			20MHz


			Frame structure			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


			MU dimension			Up to 16 layers			Up to 16 layers			Up to 16 layers


			SU dimension			Up to 8 layers			Up to 8 layers			Up to 8 layers


			ACK/NACK delay			Current frame			Current frame			Current frame


			Re-transmission delay			Next available frame			Next available frame			Next available frame


			Antenna configuration at TRxP			16Tx, (8,8,2,1,1; 1,8)			16Tx, (8,8,2,1,1; 1,8)			16Tx, (8,8,2,1,1; 1,8)


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


			Scheduling			PF			PF			PF


			Receiver			MMSE-IRC			MMSE-IRC			MMSE-IRC


			Channel estimation			Non-ideal			Non-ideal			Non-ideal





			System configuration parameters


			TRxP number per site			3			3			3


			Mechanic tilt 			90° in GCS			90° in GCS			90° in GCS


			Electronic tilt			105° in LCS			105° in LCS			105° in LCS


			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 where the digital beamforming is not considered


			Feedback channel and CCH model						DL Feedback channel and CCHs  (Type-I/II/III CCHs for indicating DL TCH and  broadcast CCHs for indicating DL common feedback channel) are modeled			No applicable.
Note: it will be modeled in future


			Criteria for selection for mode						Considering current spectrum efficiency  value and TCH BLER			No applicable


			Dynamic Overhead						As te contents in DL_OH sheet			Fixed Overhead， 34%


			TCH Modulation and coding in low-error mode						QPSK, LDPC 4/7 coding rate with 448 codeword size, Maximum Repetition 16





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








DL_Para_30GHz


			Dense Urban - eMBB			Reference value from IMT-2020/76			Source1


			Technical Configuration Parameters			Config B (30G)			Config B (30G)


			Multiple access			N/A			OFDMA


			Duplexing			N/A			TDD


			Network synchronization			N/A			Synchronized


			Modulation			N/A			Up to 1024QAM


			Coding on DL-TCH			N/A			LDPC


			Numerology			N/A			390.625 KHz SCS


			Simulation bandwdith			N/A			100 MHz


			Frame structure			N/A			DL:UL = 2:1


			Transmission scheme			N/A			Adaptive SU/MU-MIMO


			MU dimension			N/A			Up to 16 layers


			SU dimension			N/A			Up to 8 layers


			ACK/NACK delay			N/A			Current frame


			Re-transmission delay			N/A			Next available frame


			Antenna configuration at TRxP			N/A			16Tx, (8,8,2,1,1; 1,8)


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


			Scheduling			N/A			PF


			Receiver			N/A			MMSE-IRC


			Channel estimation			N/A			Non-ideal





			System configuration parameters


			TRxP number per site			N/A			3


			Mechanic tilt 			N/A			90° in GCS


			Electronic tilt			N/A			105° in LCS


			Handover margin (dB)			N/A			1


			Wrapping around method			N/A			Geographical distance based wrapping


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


			Dynamic Overhead						As the contents in DL_OH sheet


			Feedback channel and CCH model						DL Feedback channel and CCHs  (mMwave CCH for indicating DL TCH and  broadcast CCHs for indicating DL common feedback channel) are modeled


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








UL_Para_4GHz


			Dense Urban - eMBB			Reference value from IMT-2020/76			Source1


			Technical Configuration Parameters			Config B (30G)			Config B (30G)


			Multiple access			OFDMA			OFDMA


			Duplexing			TDD			TDD


			Network synchronization			Synchronized			Synchronized


			Modulation			Up to 1024QAM			Up to 1024QAM


			Coding on UL-TCH			LDPC			LDPC


			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


			Transmission scheme			SU-MIMO			SU-MIMO


			SU dimension			Up to 8 layers			Up to 8 layers


			Antenna configuration at TRxP			16Rx, (8,8,2,1,1; 1,8)			16Rx, (8,8,2,1,1; 1,8)


			Antenna configuration at UE			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


			Scheduling			PF			PF


			Receiver			MMSE-IRC			MMSE-IRC


			Channel estimation			Non-ideal			Non-ideal


			Power control parameter			P0=-77, alpha = 0.9			P0=-77, alpha = 0.9





			System configuration parameters


			TRxP number per site			3			3


			Mechanic tilt 			90° in GCS			90° in GCS


			Electronic tilt			105° in LCS			105° in LCS


			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 


			Feedback channel and CCH model						UL Feedback channel and CCHs  (Type-I/II/III CCHs for indicating UL TCH and broadcast CCHs for indicating UL common feedback channel) are modeled


			Criteria for selection for mode						Considering current spectrum efficiency value and TCH BLER


			Dynamic Overhead						As the contents in UL_OH sheet


			TCH Modulation and coding in low-error mode						QPSK, LDPC 4/7 coding rate with 448 codeword size, Maximum Repetition 24





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








UL_Para_30GHz


			Dense Urban - eMBB			Reference value from IMT-2020/76			Source1


			Technical Configuration Parameters			Config B (30G)			Config B (30G)


			Multiple access			N/A			OFDMA


			Duplexing			N/A			TDD


			Network synchronization			N/A			Synchronized


			Modulation			N/A			Up to 1024QAM


			Coding on UL-TCH			N/A			LDPC


			Numerology			N/A			390.625 KHz SCS


			Simulation bandwdith			N/A			100 MHz


			Frame structure			N/A			DL:UL = 2:1


			Transmission scheme			N/A			SU-MIMO


			SU dimension			N/A			Up to 8 layers


			Antenna configuration at TRxP			N/A			16Rx, (8,8,2,1,1; 1,8)


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


			UL re-transmission delay			N/A			Next available frame


			Scheduling			N/A			PF


			Receiver			N/A			MMSE-IRC


			Channel estimation			N/A			Non-ideal


			Power control parameter			N/A			P0=-77, alpha = 0.9





			System configuration parameters


			TRxP number per site			N/A			3


			Mechanic tilt 			N/A			90° in GCS


			Electronic tilt			N/A			105° in LCS


			Handover margin (dB)			N/A			1


			Wrapping around method			N/A			Geographical distance based wrapping


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


			Dynamic Overhead						As the contents in UL_OH sheet


			Feedback channel and CCH model						UL Feedback channel and CCHs  (mMwave CCHs for indicating UL TCH and broadcast CCHs for indicating UL common feedback channel) are modeled


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








DL_OH


			Dense Urban - eMBB						DL_OH
(symbols/frame)


			Overhead assumption


									Reference value from IMT-2020/76			Source 1			Source 2			Reference value from IMT-2020/76			Source 1


									Config A (4G)			Config A (4G)			Config A (4G)			Config B (30G)			Config B (30G)


			CCH						10			modeled as dynamic CCH 			10			N/A			modeled as dynamic CCH


			DL-SCH						4			4			4			N/A			4


			DRS						8			8			8			N/A			40


			GI						2			2			2			N/A			4


			Preamble						3			3			3			N/A			2


			SICH						2			2			2			N/A			8


			Total data symbols						54									N/A


			Total data symbols						54			total DL symbols- dynamic total OH			54			N/A			total DL symbols- dynamic total OH


			DL common signaling/feedback channel						N/A			modeled as dynamic signaling			N/A (Note)			N/A			modeled as dynamic signaling


			DL dedicated signaling/feedback channel						N/A			modeled as dynamic signaling			N/A (Note)			N/A			modeled as dynamic signaling


			DL TRN for Config B						N/A			N/A			N/A			N/A			modeled as dynamic signaling


			Total OH						29			CCH+ DL-SCH+DRS+GI+preamble +SICH signaling/feedback channel			29			N/A			CCH+ DL-SCH+DRS+GI+preamble+ SICH + signaling/feedback channel + DL TRN


			Total OH (%)						34.94%			dynamic total OH			34.94%			N/A			dynamic total OH


															Note: These signaling/feedback channels are not modeled, while they will be modeled in the future.








UL_OH


			Dense Urban - eMBB						UL_OH
(symbols/frame)


			Overhead assumption


									Reference value from IMT-2020/76			Source 1			Reference value from IMT-2020/76			Source 1


									Config A (4G)			Config A (4G)			Config B (30G)			Config B (30G)


			UL-SCH						6			6			N/A			6


			DRS						4			4			N/A			20


			GI						1			1			N/A			1


			Total data symbols						31			total UL symbols- dynamic total OH			N/A			total UL symbols- dynamic total OH


			UL common signaling/feedback channel						N/A			modeled as dynamic signaling			N/A			modeled as dynamic signaling


			UL dedicated signaling/feedback channel						N/A			modeled as dynamic signaling			N/A			modeled as dynamic signaling


			UL TRN for Config B						N/A			N/A			N/A			modeled as dynamic signaling


			Total OH						11			 UL-SCH+DRS+GI+ signaling/feedback channel			N/A			 UL-SCH+DRS+GI+ signaling/feedback channel + UL TRN


			Total OH (%)						26.19%			dynamic total OH			N/A			dynamic total OH








Results_4GHz


			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			16x8 adaptive SU/MU -MIMO			78.125 kHz SCS			DL:UL = 2:1			Average [bit/s/Hz/TRxP]			7.8			5.57									5.57						1			LESS												5.47			7.694									6.582						2			LESS


																		5th percentile [bit/s/Hz]			0.225			0.096									0.096						1			LESS												0.09												0.09						1			LESS








			UL spectral efficiency			TDD																																													UL spectral efficiency


						EUHT			8x16  SU MIMO			78.125 kHz SCS			DL:UL = 2:1			Average [bit/s/Hz/TRxP]			5.4			3.63									3.63						1			LESS												3.51												3.51						1			LESS


																		5th percentile [bit/s/Hz]			0.15			0.098									0.098						1			LESS												0.104												0.104						1			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			16x8 adaptive SU/MU -MIMO			390.625 KHz SCS			DL:UL = 2:1			Average [bit/s/Hz/TRxP]			7.8			3.56									3.56						1			LESS


																		5th percentile [bit/s/Hz]			0.225			0									0						1			LESS








			UL spectral efficiency			TDD


						EUHT			8x16  SU MIMO			390.625 KHz SCS			DL:UL = 2:1			Average [bit/s/Hz/TRxP]			5.4			1.88									1.88						1			LESS


																		5th percentile [bit/s/Hz]			0.15			0									0						1			LESS
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DL_SLS_Para_4GHz and 700MHz


			Urban Macro - URLLC  UL			EUHT in IMT-2020/76			Source 1 of 5GMF			EUHT in IMT-2020/76			Source 1 of 5GMF


			Technical configuration Parameters			Config A (4 GHz)			Config A (4 GHz)			Config B (700 MHz)			Config B (700 MHz)


			Multiple access			OFDMA			OFDMA			N/A			OFDMA


			Duplexing			TDD			TDD			N/A			TDD


			Modulation			QPSK			QPSK			N/A			QPSK


			Numerology			78.125 KHz SCS			78.125 KHz SCS			N/A			78.125 KHz SCS


			Simulation bandwdith			20 MHz			20 MHz			N/A			20 MHz


			DLTransmission scheme			SU-MIMO			SU-MIMO			N/A			SU-MIMO


			Antenna configuration at TRxP			16Tx, (8,8,2,1,1; 1,8)			16Tx, (8,8,2,1,1; 1,8)			N/A			16Tx, (4,8,2,1,1; 1,8)*


			Antenna configuration at UE			8Rx,(1,4,2,1,1;1,4)			8Rx,(1,4,2,1,1;1,4)			N/A			4Rx,(1,2,2,1,1;1,2)**


			Scheduling			PF			PF			N/A			PF


			Receiver			MMSE-IRC			MMSE-IRC			N/A			MMSE-IRC


			Channel estimation			Non-ideal			Non-ideal			N/A			Non-ideal





			System configuration parameters


			Carrier frequency for evaluation			4 GHz			4 GHz			N/A			700 MHz


			TRxP number per site			3			3			N/A			3


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


			Electronic tilt			94°  in LCS			94°  in LCS			N/A			94°  in LCS


			Handover margin (dB)			1			1			N/A			1


			Wrapping around method			Geographical distance based wrapping			Geographical distance based wrapping			N/A			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 			N/A			Maximizing RSRP where the digital beamforming is not considered 





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


			Note*: According to the table 5 in section 8.4 of ITU-R M.2412, the Number of antenna elements per TRxP is up to 64 Tx/Rx in Configuration B (700 MHZ)


			Note**: According to the table 5 in section 8.4 of ITU-R M.2412, the Number of UE antenna elements is up to 4 Tx/Rx in Configuration B (700 MHZ)








DL_LLS_Para_4GHz and 700MHz


			Urban Macro - URLLC  DL			 EUHT-5G			Source 1 of 5GMF			EUHT in IMT-2020/76			Source 1 of 5GMF


			Technical configuration Parameters			Config A (4 GHz)			Config A (4 GHz)			Config B (700 MHz)			Config B (700 MHz)


			Carrier frequency for evaluation			4 GHz			4 GHz			N/A			4 GHz


			Waveform			CP-OFDM			CP-OFDM			N/A			CP-OFDM


			Numerology			78.125 KHz SCS			78.125 KHz SCS			N/A			78.125 KHz SCS


			Simulation bandwdith			20 MHz			20 MHz			N/A			20 MHz


			Channel model			TDL-iii(NLOS)			TDL-iii(NLOS)			N/A			TDL-iii(NLOS)


			Scaled delay spread			363ns(NLOS)			363ns(NLOS)			N/A			363ns(NLOS)


			UE Speed			30 km/h			30 km/h			N/A			30 km/h


			Antenna configuration at TRxP			16T			16T			N/A			16T


			Antenna configuration at UE			8R			8R			N/A			4R*


			TCH Transmission mode			SU-MIMO			SU-MIMO			N/A			SU-MIMO


			TCH Modulation and coding			LDPC with code rate = 4/7, QPSK
Repetition 4 or more.			LDPC with code rate = 4/7, QPSK
Repetition 16.**			N/A			LDPC with code rate = 4/7, QPSK
Repetition 16.**


			Channel estimation			Non-ideal			Non-ideal			N/A			Non-ideal


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


			Packet size 			256 bit			256 bit			N/A			256 bit


			Note*: According to the table 5 in section 8.4 of ITU-R M.2412, the Number of UE antenna elements is up to 4 Tx/Rx in Configuration B (700 MHZ)


			Note**: According to the table 69 in section 1.7.4.2 of IMT-2020/76, the maximum repetition in UL is 16 times, which is 4 time-domain rep * 4 frequency-domain rep














UL_SLS_Para__4GHz and 700MHz


			Urban Macro - URLLC  UL			EUHT in IMT-2020/76			Source 1 of 5GMF			EUHT in IMT-2020/76			Source 1 of 5GMF


			Technical configuration Parameters			Config A (4 GHz)			Config A (4 GHz)			Config B (700 MHz)			Config B (700 MHz)


			Multiple access			OFDMA			OFDMA			N/A			OFDMA


			Duplexing			TDD			TDD			N/A			TDD


			Modulation			QPSK			QPSK			N/A			QPSK


			Numerology			78.125 KHz SCS			78.125 KHz SCS			N/A			78.125 KHz SCS


			Simulation bandwdith			20 MHz			20 MHz			N/A			20 MHz


			UL Transmission scheme			SU-MIMO			SU-MIMO			N/A			SU-MIMO


			Antenna configuration at TRxP			16Rx, (8,8,2,1,1; 1,8)			16Rx, (8,8,2,1,1; 1,8)			N/A			16Rx, (4,8,2,1,1; 1,8)*


			Antenna configuration at UE			 8Tx, (1,4,2,1,1; 1,4)			 8Tx, (1,4,2,1,1; 1,4)			N/A			4Tx, (1,2,2,1,1; 1,2)**


			Scheduling			PF			PF			N/A			PF


			Receiver			MMSE-IRC			MMSE-IRC			N/A			MMSE-IRC


			Channel estimation			Non-ideal			Non-ideal			N/A			Non-ideal


			Power control parameter			P0=-83, alpha=0.8			P0=-83, alpha=0.8			N/A			P0=-83, alpha=0.8





			System configuration parameters									N/A


			Carrier frequency for evaluation			4 GHz			4 GHz			N/A			700 MHz


			TRxP number per site			3			3			N/A			3


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


			Electronic tilt			94°  in LCS			94°  in LCS			N/A			94°  in LCS


			Handover margin (dB)			1			1			N/A			1


			Wrapping around method			Geographical distance based wrapping			Geographical distance based wrapping			N/A			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 			N/A			Maximizing RSRP where the digital beamforming is not considered 





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


			Note*: According to the table 5 in section 8.4 of ITU-R M.2412, the Number of antenna elements per TRxP is up to 64 Tx/Rx in Configuration B (700 MHZ)


			Note**: According to the table 5 in section 8.4 of ITU-R M.2412, the Number of UE antenna elements is up to 4 Tx/Rx in Configuration B (700 MHZ)








UL_LLS_Para__4GHz and 700MHz


			Urban Macro - URLLC  UL			 EUHT-5G			Source 1 of 5GMF			EUHT in IMT-2020/76			Source 1 of 5GMF


			Technical configuration Parameters			Config A (4 GHz)			Config A (4 GHz)			Config B (700 MHz)			Config B (700 MHz)


			Carrier frequency for evaluation			4 GHz			4 GHz			N/A			700 MHz


			Waveform			CP-OFDM			CP-OFDM			N/A			CP-OFDM


			Numerology			78.125 KHz SCS			78.125 KHz SCS			N/A			78.125 KHz SCS


			Simulation bandwdith			20 MHz			20 MHz			N/A			20 MHz


			Channel model			TDL-iii(NLOS)			TDL-iii(NLOS)			N/A			TDL-iii(NLOS)


			Scaled delay spread			363ns(NLOS)			363ns(NLOS)			N/A			363ns(NLOS)


			UE Speed			30 km/h			30 km/h			N/A			30 km/h


			Antenna configuration at TRxP			16R			16R			N/A			16R


			Antenna configuration at UE			8T			8T			N/A			4T*


			TCH Transmission mode			SU-MIMO			SU-MIMO			N/A			SU-MIMO


			TCH modulation and coding			LDPC with code rate = 4/7, QPSK
Repetition 4 or more.			LDPC with code rate = 4/7, QPSK
Repetition 24.**			N/A			LDPC with code rate = 4/7, QPSK
Repetition 24.**


			Channel estimation			Non-ideal			Non-ideal			N/A			Non-ideal


			Packet size 			256 bit			256 bit			N/A			256 bit


			Note*: According to the table 5 in section 8.4 of ITU-R M.2412, the Number of UE antenna elements is up to 4 Tx/Rx in Configuration B (700 MHZ)


			Note**: According to the table 69 in section 1.7.4.2 of IMT-2020/76, the maximum repetition in UL is 24 times, which is 6 time-domain rep * 4 frequency-domain rep











5%SINR_4GHz_Model A


															5%-tile SINR in DL: -4.7dB																											5%-tile SINR in UL: -7.4dB








5%SINR_700MHz_Model A


																					5%-tile SINR in DL: -4.2dB																											5%-tile SINR in UL: -5.7dB








Reliability_4GHz


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


			DL Reliability			TDD


						EUHT			16x8 SU-MIMO 			78.125 kHz SCS			DL:UL = 2:1			NLOS			Reliability			99.999%			99.01%						0.9901						1			LESS


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











						TDD


						EUHT			8x16 SU-MIMO 			78.125 kHz SCS			DL:UL = 2:1			NLOS			Reliability			99.999%			50.52%						0.5052						1			LESS








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




















Reliability_700MHz


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


			DL Reliability			TDD


						EUHT			16x4 SU-MIMO 			78.125 kHz SCS			DL:UL = 2:1			NLOS			Reliability			99.999%			85.97%						0.8597						1			LESS


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











						TDD


						EUHT			4x16 SU-MIMO 			78.125 kHz SCS			DL:UL = 2:1			NLOS			Reliability			99.999%			76.68%						0.7668						1			LESS








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




















image1.png


CDF(%)

pre-SINR for config A (4GHz) downlink

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

151
Y 0.050556

-30

20

-10 0 10
SINR [dB]

20

30

40








image2.png


CDF(%)

pre-SINR for config A (4GHz) uplink

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

25

-20 -15 -10 -5 0
SINR [dB]

10








image3.png


CDF(%)

pre-SINR for config B (700MHz) downlink

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

-20

-10 0 10 20 30
SINR [dB]

40








image4.png


CDF(%}

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

pre-SINR for config B (700MHz) uplink

X -5.7081
Y 0.051053

-10

-5 0 5
SINR [dB]

10










image1.png








image1.png




