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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.
[image: A picture containing text

Description automatically generated]
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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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
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"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 Flexible CA and Handover


More Antenna support


Low Error Mode PHY Frame


Other Changes


More reliable PHY frame


5 


6 


1GHz support in mmWave mode


Q&A7 







Part 01 More Flexible CA and Handover in CA mode







Carrier aggregation management General (section 1.6.15.1) NUFRONT


 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.


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


architecture more clear.







Clarification on concept of subchannel/channel in system reference model (section 1.3) NUFRONT


 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).







Clarification on concept of subchannel and working bandwidth NUFRONT


 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.


 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.


 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.







Carrier aggregation management (section 1.6.15.2) (1) NUFRONT


 Add a section 1.6.15.2 for carrier


aggregation management.


 In this section, CA associated signalling


and procedure (including network join and


handover) at CAP and STA are described


in more details.







Carrier aggregation management (section 1.6.15.2) (2) NUFRONT


 Continue…







Carrier Aggregation Management Procedure  1:  (section 1.5.3.4.1) NUFRONT


 Add the indication of bandwidth and


transmit power in each component carrier.


So the TLV_length is increased.


 In CA mode, each component carrier can


use different working bandwidth. It is


more flexible.


 Modify the working_BW to


working_BWcc in equation 2 to be more


explicit due to the above reason.


CAP broadcast CA related information







STA network join process (section 1.6.4)


NUFRONT


 Step1： System Synchronization


 Step2： Random access


 Step3: Capability Negotiation


More detailed description about STA


network join process in CA mode is


given in section 1.6.4


Carrier Aggregation Management Procedure  2/3:  (section 1.6.4) 







STA Basic Capability Request frame (section 1.5.3.4.4)


NUFRONT


 STA shall report which CCs broadcasted


in BCF can be supported by this STA,


as defined in STA Basic Capability


Request frame.


 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)


NUFRONT


 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.


 Modify “Spectrum aggregation” from


1bit activation to “Carrier aggregation


indication” with 16bit bitmap indicating


which CCs are supported by STA.


CA Management Procedure 2 （Step 3 Capability Negotiation)







0ms Mobility interruption time (section 1.6.19.2.4) (1) 


NUFRONT


 A more detailed description on handover procedure


with 0ms mobility interruption time is given.


 General description of handover for 0ms mobility


interruption time in CA mode is added. CA can be


used for STA to connect with both CAP-S and CAP-


D during handover to implement dual connection. It


includes CC selection, CC activation/de-activation


and the way to transmit the data packets.


 Three Phase procedure are present to explain how


EUHT-5G can achieve 0ms mobility interruption


time.


CA Management Procedure  4（Handover in CA mode)







0ms Mobility interruption time (section 1.6.19.2.4) (2) 


NUFRONT


 A flow chart of HO procedure with 0ms


interruption time is added to give a more


detailed explanation.


 EUHT-5G can accomplish 0ms interrupt


handover by entering / leaving dual


connection mode.


 Carrier aggregation (CA) can be used for


STA to connect with both CAP-S and


CAP-D during handover to implement


dual connection.


CA Management Procedure  4（Handover in CA mode)







CA Management Procedure  4（Handover in CA mode) NUFRONT


 Add RSSI threshold for channel


measurement in the handover process.


Normal and mmWave mode


Low-error mode


Measurement threshold in fixed part of BCF (section 1.5.3.4.1)







Measuring request/report frame (section 1.5.3.4.18/20)


NUFRONT


 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).


CA Management Procedure  4（Handover in CA mode)







Measurement threshold in extensible part of BCF (section 1.5.3.4.1)


NUFRONT


 Add TLV_type = 6 in extensible part of


BCF for RSSI threshold parameters in each


CC.


CA Management Procedure  4（Handover in CA mode)







Handover request frame (section 1.5.3.4.21)


NUFRONT


 The channel quality of candidate CAP


(RSSI) is defined in more details.


 The working channel number of


candidate CAPs in handover request


frame should be the same as that


specified in measuring response


frame.


CA Management Procedure  4（Handover in CA mode)







Handover command frame (section 1.5.3.4.22)


NUFRONT


 The working channel number of Target


CAP in handover response frame


should be the same as that specified in


handover request frame.


 Add dual connection field to indicate


the state in handover process.


 Add CC activation/deactivation


indication field, to support


activation/deactivation on specified


CCs in CA mode.


CA Management Procedure  4（Handover in CA mode)







CAP_HANDOVER_REQUEST


 Attachment 6 is added to show the definitions of


relative upper layer messages in Core Network.


 Section F.3.2.1 CAP_HANDOVER_REQUEST


is added to show the message used by the


serving CAP to send a handover request to the


CAP-D.


NUFRONT
CA Management Procedure  4（Handover in CA mode)







CAP_HANDOVER_RESPONSE


 Attachment 6 is added to show the definitions of


relative upper layer messages in Core Network.


 Section F.3.2.2 CAP_HANDOVER_RESPONSE


is added to show the message used by the serving


CAP to send a handover request to the CAP-D.


NUFRONT
CA Management Procedure  4（Handover in CA mode)







Activation/Deactivation in Channel switching 


information frame (section 1.5.3.4.14)


NUFRONT


 The channel switching operation can be


performed on specified CCs by CC switching


indication in channel switching frame (bitmap).


 The channel switching frame can be used to


activate/deactivate some CCs (CC_ACTIVE


indication).


 The relative information in BCF should be


updated after the channel switching.


CA Management Procedure  5（ Activation/Deactivation CC)







Handover command frame (section 1.5.3.4.22)


NUFRONT


 The working channel number of Target


CAP in handover response frame


should be the same as that specified in


handover request frame.


 Add dual connection field to indicate


the state in handover process.


 Add CC activation/deactivation


indication field, to support


activation/deactivation on specified


CCs in CA mode.


CA Management Procedure  5（Handover in CA mode)







Clarification on the processing of SDUs in adaptation sub-layer (section 1.4.2) NUFRONT


 The delivery process for the SDUs


(messages) from the adaptation sublayer


to MAC sublayer is described in detail,


the behaviors of adaptation sublayer are


different according to whether the


multi-connection mode is enabled and


dual-connection signalling is


completed.







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


 Add detailed features of CA


management in the RRM.


 One cell can support multiple CCs,


each CC is independent and has its


own control channel and contains


complete frame structure.


 If dual-connection signaling is


completed, MAC sublayer will


negotiate with the adaptation sublayer


to active the multi-connection


function.







Carrier aggregation mode (section 1.7.11)  NUFRONT


 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.







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


 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.


 Authentication flow ： Add the


description to indicate selection of


CCs in authentication flow in CA


mode.







Part 02 More Antenna support







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


 Increase the maximum number of


CAP transmit antenna from 8 to 16,


and update the corresponding fields in


fixed part of BCF.







Support up to 16 antennas in  STA basic capability request and 


CSI feedback
NUFRONT


 Increase the maximum number of STA


transmit antenna from 8 to 16, and


update the corresponding fields in the


STA basic capability request frame.


 Increase the maximum number of


columns of CSI matrix from 8 to 16 in


MIMO feedback control information


due to more antennas.







Support up to 16 antennas in SICH and CCH NUFRONT


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.


The relative information to support up to 16 


spatial streams in downlink MU-MIMO 


transmission is indicated in CCH(control channel).







Modifications of space time coding to support 16 antennas NUFRONT


 Add sixteen space time streams in space time 


coding because 16 antennas is supported in 


5D/979.


 Add the mapping relationship between STBC 


output symbols and input symbols when space 


time stream is 16 in Table 61.


 It should be noted that there is a typo in 5D/979.


In the description about the number of parallel 


modulation symbol streams(Nss), “eight” in red box 


was missing. It is obviously a typo because in 


Table 61, there is Nss = 8.







Part 03 More reliable PHY frame







Add Type-II SICH (System information channel) NUFRONT


 One more robust type of SICH (Type-II SICH)


is defined in normal mode. That is, there are


two types of SICH in normal mode:


 Type-I: BPSK, convolutional coding, 1/2


coding rate (same as previous specification)


 Type-II: QPSK, LDPC coding, 3/14 coding


rate, 2x repetition in time domain.







Add Type-II and Type-III CCH (control channel) NUFRONT


 Two more robust types (Type-II and Type-III) of


CCH are defined. That is, there are three types of


CCH:


 Type-I: QPSK, LDPC coding, 4/7 coding rate


(same as previous specification)


 Type-II: QPSK, LDPC coding, 3/14 coding


rate


 Type-III: 2x repetition of Type II CCH in


time domain







Add 3/14 coding rate for LDPC NUFRONT


 Type-II SICH , Type-II CCH and Type III CCH 


use 3/14 coding rate by LDPC coding, as 


defined in Table C.1 of attachment 3.


 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.







Support more MCS of TCH NUFRONT


 Three more MCS are added for TCH to


improve the TCH reliability in normal


mode, please refer to attachment 1:


 MCS 121, QPSK, 7/8 coding rate


 MCS 122, QPSK, 4/7 coding rate,


3x repetition in time domain


 MCS 123, QPSK, 4/7 coding rate,


4x repetition in time domain







Repetition pattern in time and frequency domain NUFRONT


 Add a detailed description of time domain 


repetition and frequency domain repetition 


process of modulation symbols to make it 


more clear. 


 Add the use of weighted vector w in time 


domain repetition for reducing intercell 


interference.


 Weighted vector w is determined by S-


Preamble ID in normal mode and


mmWave mode and it is determined by


PN_ID in low error mode.







Enhancement of S-Preamble, L-Preamble and DRS NUFRONT


 The number of S-Preamble ID changes from


three to four for different short preamble types


to reduce intercell interference and improve


synchronization performance.


 Type-II long preamble is added in normal mode,


the definition of Type-I long preamble in current


specification is as same as long preamble in


previous specification. The Type-II 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.







More reliability of Signaling/feedback channels NUFRONT


 To increase 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.







Part 04 Low Error Mode PHY Frame







Change notes of S-Preamble (section 1.7.3) NUFRONT


 The number of identical PN sequences is changed from 7


to 5 for s-preamble.


 In the previous specification, s-preamble doesn't use phase


shift to distinguish different cells, and there is only one PN


sequence.


 The new specification performs phase shift in the time


domain, generating 8 different PN sequences to distinguish


different cells.







Change notes of L-Preamble (section 1.7.3) NUFRONT


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


changed into 64-point PN_CP.


 In the previous specification, L-Preamble performs the


function of phase shift in the frequency domain, and there


are four different PN sequences.


 The new specification performs phase shift in the time


domain, generating 8 different PN sequences to distinguish


different cells.







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


 The options of downlink TCH to uplink


TCH ratio are increased from 7 to 16.


 The frame structure is more flexible.







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


 The MCS and coding type in both uplink TCH and


downlink TCH are fixed to be QPSK, LDPC 4/7.







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


 In the previous specification, the frequency domain


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


 In the new specification, the frequency domain repetition


number is fixed to be 4.


 The control bit can be saved.


 The repetition number in time domain is not changed,


and can be 1,2,3,4.







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


 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.


 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.







Change notes of control channel field (CP Length and RU mode, section 1.7.4.2)NUFRONT


 Normal CP and short CP are supported in TCH.


 In the previous specification, only normal CP is


supported in TCH.


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


 This change allows more flexible resources


allocation.







Change notes of traffic channel demodulation reference signal (section 1.7.5.3)NUFRONT


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


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


time domain.







Part 05 1GHz support in mmWave mode







Change notes of basic parameters (section 1.7.1.2) NUFRONT


 In mmWave mode, 1GHz bandwidth is supported.


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







Change notes of Preamble (section 1.7.3) NUFRONT


 In mmWave mode, 1GHz bandwidth is added.


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







Change notes of SICH (section 1.7.4.1) NUFRONT


 In mmWave mode, 1GHz working bandwidth is added.


 In mmWave mode, the subcarrier spacing indication for


TCH is added.







Change notes of demodulation reference signal ( section 1.7.5.3.4) .NUFRONT


 In mmWave mode, 1GHz bandwidth is added.


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







Part 06 Other Changes







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


 Add terms and modify the


description to make it more clear.


 Add description about the STA


state transition to make it more


clear.







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


 Request frame: Replace “STA


support working bandwidth mode”


with “Supported bandwidth of STA”


to directly indicate the bandwidth by


bitmap (16 bit).


 Response frame: Modify “STA


working bandwidth” to directly


indicate the bandwidth.







Modifications in CSI report frame (section 1.5.3.4.8.3) NUFRONT


 Modify some items to make it more


clear (SINR) and add bit number to


make it more clear.


 Extend lower limit of average SINR


from -10dB to -20dB.







Modifications in custom frame (section 1.5.3.4.23) NUFRONT


 Reorganize the description of


custom frame.


 Add six TLV types to provide more


information.







Interworking with other systems (section 1.6.19.3)  NUFRONT


 Give more detailed description about


the function and flow of interworking


with other system in EUHT-5G.


 Two interworking modes are


provided for interworking in EUHT-


5G：independent core network mode


and access to 3GPP core network


mode, which are described in


following slides.







Independent Core Network Mode (section 1.6.19.3.1) NUFRONT


 Add a section about independent


core network mode.







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


 Add a section about access to 3GPP


core network mode.







Modification in Type-I CCH


 B39b38…b33 and b42b41b40 bit fields are


rearranged to make the fields definition


more clear.


 The typo about the MCS indication of


codeword II in 5D/222 is fixed. In 5D/979,


the b39..b33 are used for MCS indication of


downlink and uplink. Therefore, the


codeword II can also support 1024 QAM, as


indicated in green box..


 It should be noted that there was a typo in


5D/979. The contents in the red box are


forgotten to be deleted. Obviously, when


b42b41=11, b39~b33 is redefined as MCS of


codeword II 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.


NUFRONT







Modification in DRS and sounding pilot NUFRONT


 The starting position of DRS symbols is


given in detail to make it more clear.


 Add the subcarrier offset indication of


sounding pilot to distinguish the Sounding


pilot of different cells.


 The value of ‘SCOffset’ can be derived


from S-Preamble ID and DPIF.







Modification in DRS NUFRONT


 The initial states of DRS sequence generator


are configured according to the S-Preamble


ID.


 Add a detailed description of demodulation


reference signal pattern, and delete


‘Attachment 1 Demodulation reference


signal pattern’ which is unnecessary.







Enhancement of downlink and uplink sounding channel NUFRONT


 Add detailed description of downlink and


uplink sounding pilot pattern separately ,


and delete the reference ‘Attachment 3


sounding pilot pattern’ in 5D/222 .


 The uplink sounding signal configurations


are updated in CCH to make it more clear.







Modification in precoding group size NUFRONT


 In the previous specification precoding


group size is indicated by CCH.


 In the new specification precoding group


size (in number of subcarriers) is


determined by DPIF . It is more flexible .







OFDMA resource allocation in more details NUFRONT


 Give a more clear description of resource unit(RU) and phase tracking pilot mapping in


OFDMA scheme.







Improvement of uplink scheduling request channel NUFRONT


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







Modification in open/ close loop power control NUFRONT


 Give a more clear description on open loop


power control strategy and related


parameters configuration for each component


carrier.


 Add TLV_type = 5 in extensible part of BCF for


uplink open loop power control related parameters


configuration in each component carrier.


 It is clearly stated that the close loop power control


in each component carrier is independent in CA


mode.







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


 Add attachment 6, which is used to


describe definitions of upper layer


function entity and related messages in


EUHT-5G core network to make it more


clear, such as:


NUFRONT


 EUHT-5G core network architecture,


including basic functions entities as


MME, SCG and NME and related


procedures;


 Messages between STA and core


networks, messages between CAPs


and messages between CAP and core


Networks.







Part 07 Q&A







Thank You


NUFRONT


END
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Response to 5GMF_on_interim_evluation_report_20220617.pdf


Nufront   


June 2022


Response to 5GMF on interim evaluation report


START







NUFRONTOne suggestion to 5GMF: Name of Sources?


 In the interim report 5D/1251, 5GMF gives the results from ‘Source1’ and ‘Source2’ .


Would 5GMF please provide the name of  source company or institution like other IEGs for 


more open and fair discussion?







NUFRONTComment #1: Antenna number


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.







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 5th 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


 Therefore, both average and 5th percentile user SE of EUHT-5G should be significantly 


improved with the antenna number increased from 8 to 16.


Antenna 
configuration


Average SE
（bit/s/Hz）


5th percentile SE
（bit/s/Hz）


32*4 13.042 0.382


Antenna 
configuration


Average SE
（bit/s/Hz）


5th percentile SE
（bit/s/Hz）


64*4 16.098 0.494







NUFRONTComment #2: Signaling/feedback channel


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.







NUFRONT
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.







NUFRONTComment #3: SE in low error mode


Comment from 5GMF in 5D/1251 : 


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


the spectral efficiency.







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.







NUFRONTComment #4: Broadcast CCHs 


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 5th percentile user 


spectral efficiency.







NUFRONT
Response: Broadcast CCHs can be transmitted as Type-I/II/III CCH


 As description of control channel in section1.7.4.2 of 5D/979, the control channel consists 


of multiple unicast CCH and broadcast CCH.  Type-I/II/III 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/II/III 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.







NUFRONTComment #5: Dynamic system overhead 


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.







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 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.







Thank You


NUFRONT


END
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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 II 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 


II 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. 


 


Figure 1: b49 to b46 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 II 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/II/III CCH 


Answer: 5GMF has already made the comments as Part II 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/II/III 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/II/III CCH  


(Type-I CCH bit number 


is 85, and Type-II/III CCH 


bit number is 96); 


Indicate the resource of data 


transmission in TCH scheduling 


signalling field, within which, 


indicating the resource of dedicated 


signalling/ feedback channels by 


(b54b53...b49) if SU-MIMO; 


Table 67 and 


Table 68 in 


section 1.7.4.2 


Unicast or 


Broadcast 


CCH for common 


signalling/feedback 


channels (bit number is 


85) 


Indicate the resource pool per cell of 


common signalling/ feedback 


channels 


Table 73 in 


section 


1.7.5.6.4;  


Broadcast 


CCH for common 


signalling/feedback 


channels (bit number is 


85) 


Indicate common signalling/ 


feedback channel for one STA 


Table 74 in 


section 


1.7.5.6.5 


Broadcast 


…..    
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…… 


 


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-II SICH 


in the table of the 5GMF interim evaluation report. As the attachments B.1 of 5GMF interim 
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evaluation report, 5GMF used the same SICH assumption as IMT-2020/76, so the Type-II SICH 


was assumed as QPSK with 3/14 LDPC in the simulation.  


For this issue, 5GMF has already made the comments as Part II 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.  


 


________________ 
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 NUFRONT 


Response to 5GMF’s evaluation Part A 
September 2, 2022 


Nufront 


Question/Comment: CCH modeling 


 


5GMF’s comments：More types 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/III of CCH, respectively? 


b. Although there are three types of CCH, Type-I CCH can satisfy the performance 


requirement of most users. The probability of using Type- II/III CCH is much less 


than that of Type-I CCH, so it does not increase much extra overhead. Would 


5GMF please provide some specific data for analysis, such as the proportion of 


Type-I/II/III CCH in the system-level simulation? 


c. After adding Type-II/III 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 5th percentile user SE. 


2. About the detection error of CCH,  


a. Would 5GMF clarify which detection error of CCH introduced? Is it type detection 


error or bit detection error? 


b. 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. 


c. 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 5GMF please introduce how does 5GMF 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. 


 


 







 NUFRONT 


Question/Comment: Antenna number 


5GMF’s comments：More antennas result in little performance gain 


 


 


 


 


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. 


c. 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 5th percentile user SE can be improved due to 


antenna number increasing. We think EUHT-5G should have the same 


performance trend. 


2. It is 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. 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 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 







 NUFRONT 
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 5GMF 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 


5GMF’s comments：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 5GMF how the ideal modeling of signaling/feedback channel was 


conducted before, was it neither overhead nor error considered? 


2. 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 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. 


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 5th percentile user SE and average SE performance will still be improved. 


5. 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 5GMF please introduce how the realistic modeling of signaling/feedback channels 


was carried out in the evaluation? 
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 NUFRONT 


Response to 5GMF’s evaluation Part B 
September 2, 2022 


Nufront 


Question/Comment: Dynamic mode switching 


5GMF’s comments： 


 


 


  


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 


(TS 38.214 Table 5.1.3.1-3) 


0.0586 ~ 0.3066 


 


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


a. In normal 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 







 NUFRONT 
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： 


 


 


 


 


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


 


1. As the description of section 1.7.4.2(as figure below), Type-I/II/III 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. 


 


 


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 …). 


 


 







 NUFRONT 
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/III CCH transmission 


scheme, and necessary padding bits can be added in the CCH bits to fit the Type-I/II/III 


CCH coding. 


 


 


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: 


 Dedicated signaling/feedback channel 


 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. 


 


 


 


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: 
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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? 


2. 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. 


3. 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. 


4. 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.  


5. 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. 


6. 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: 


 


 


5GMF IEG’s Answer: 







 


− About overhead 


5GMF IEG constructs CCH modelling process according to the response of Nufront as below 


figure. Besides, the performance of Type-I/II/III CCH are simulated in AWGN channel in link level 


simulation separately according to EUHT specification. Selecting the Type-I/II/III 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-I CCH curve and is higher than the SNR value at the 1% BLER in type-III CCH 


curve, CAP would select the type-II 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. 


 


 


 


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) was proved to degrade the spectral efficiency. So, the probability of 


using Type- II/III CCH 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 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-II/III CCH, the 


overhead introduced by these Type-II/III CCHs would decrease the SE according to the 5GMF 


simulation results in 5D/1251 and materials in EUHT workshop on 2nd September, and the SE 


should be further reduced if the blind detection error of CCH is modelled. 


 


Question/Comment: Antenna number 


Nufront Response: 


 







 


 


 


5GMF IEG’s Answer: 


5GMF IEG has already addressed the relationship between EUTH and 3GPP technology as the 


“5GMF_reply_to_Nufront(20220719).pdf”.  


 
 


5GMF IEG has already addressed this issue as Part II D) Section 1 “Gaps/deficiencies in 


submitted material and/or self-evaluation” in the 5GMF evaluation report 5D/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 2nd 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: 







 


 


 


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 II 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 2nd 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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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: 


 


 







 


 


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”.  


 
 


Besides, 5GMF IEG has already made the comments about dynamic mode switching in the EUHT 


workshop on 2nd September as below figure.  


 


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 2nd September.  







 


− 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. 


◼ 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. 


◼ 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: 







 


 







 


 


 


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 II 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-I/II/III CCH coding by CAP itself”, 5GMF IEG observes that there is no 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. 


Besides, the results in 5GMF’s evaluation report 5D/1251 and the materials in EUHT workshop 


on 2nd 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: 


 


 


5GMF IEG’s Answer: 







 


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 II 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 2nd 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.  


 


________________ 
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SpectralEfficiency - 01 InH-eMBB-v03.xlsx
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 ---
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