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Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK166][bookmark: OLE_LINK167]At RAN#75 meeting, new Study Item on Self Evaluation towards IMT-2020 submission was approved [1], the self evaluation will provide the performance towards all the ITU-R IMT-2020 requirements. The key minimum technical performance requirements are provided in Report ITU‑R M.2410 [2] for the test environment of Dense Urban-eMBB. 
[bookmark: OLE_LINK168][bookmark: OLE_LINK169]TABLE 1
[bookmark: OLE_LINK329][bookmark: OLE_LINK330]5th percentile user spectral efficiency
	Test environment
	Downlink 
(bit/s/Hz)
	Uplink 
(bit/s/Hz)

	Dense Urban – eMBB
	0.225
	0.15



TABLE 2
Average spectral efficiency
	Test environment
	Downlink
(bit/s/Hz/TRxP)
	Uplink
(bit/s/Hz/TRxP)

	Dense Urban – eMBB (Note 1)
	7.8
	5.4


NOTE 1 – This requirement applies to Macro TRxP layer of the Dense Urban – eMBB test environment as described in Report ITU-R M.2412-0.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK194]According to the evaluation methodology of Report ITU‑R M.2412 [3], the average spectral efficiency and the 5th percentile user spectral efficiency need system-level simulation evaluation to demonstrate the achievement for the ITU-R technical performance requirements, while user experienced data rate can be calculated by 5th percentile user spectral efficiency SEuser through equation in [2] (this KPI is only applied to Dense Urban-eMBB).
[bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK54]Ruser = W × SEuser
[bookmark: OLE_LINK349][bookmark: OLE_LINK350]In our companion contribution [4], some initial evaluation results including the average spectral efficiency, the 5th percentile user spectral efficiency and the user experienced data rate were provided. In this document, more updated evaluation results in Dense Urban-eMBB based on the updated overhead [5] and the agreed technical features and system configurations in [6-8] are provided to meet the technical performance requirements. Also, the evaluation results of above 6GHz are provided.
[bookmark: OLE_LINK172][bookmark: OLE_LINK173]Evaluation methodology and assumption
System-level simulation with proper link to system interface based on link-level simulation results could be used to evaluate average spectral efficiency and 5th percentile user spectral efficiency. 
[bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK108]The user experienced data rate can be calculated based on proper bandwidth to demonstrate the achievement for the requirement of the ITU-R.
[bookmark: OLE_LINK358][bookmark: OLE_LINK197]In this contribution, different antenna configurations are evaluated to observe the proper antenna configurations to fulfil the ITU minimum performance requirement and to observe the performance advantage of NR system, including different number of antenna elements and different TXRU mapping. Also, the evaluation results based on different SCS and DL CSI measurement reference signal are provided.
[bookmark: OLE_LINK176][bookmark: OLE_LINK177]
Evaluation results
[bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK182][bookmark: OLE_LINK183][bookmark: OLE_LINK178][bookmark: OLE_LINK179][bookmark: OLE_LINK171][bookmark: OLE_LINK165][bookmark: OLE_LINK170]The evaluation results are provided for average spectral efficiency, 5th percentile spectral efficiency and user experienced data rate under Dense Urban-eMBB, the overhead assumptions refer to our companion contribution [5]. The detailed evaluation assumptions can be found in Annex.
[bookmark: OLE_LINK189][bookmark: OLE_LINK190]Downlink evaluation results
[bookmark: OLE_LINK198][bookmark: OLE_LINK199]The evaluation results for DL average spectral efficiency and DL 5th percentile spectral efficiency under Dense Urban-eMBB are provided in Table 1~4. The DL user experienced data rates results are provided in Table 5 which are calculated based on the results of the DL 5th percentile spectral efficiency. 
Spectral efficiency:
[bookmark: OLE_LINK266][bookmark: OLE_LINK267][bookmark: OLE_LINK268][bookmark: OLE_LINK262][bookmark: OLE_LINK263][bookmark: OLE_LINK141][bookmark: OLE_LINK357][bookmark: OLE_LINK356][bookmark: OLE_LINK174][bookmark: OLE_LINK175]Note: Impacts from channel estimation error modeling, PRB bundling, interference error modeling and overhead are updated. Evaluation results in TDD mode based on non-precoded CSI-RS are also provided. The evaluation results of Configuration B of 30GHz are also provided.
[bookmark: OLE_LINK142][bookmark: OLE_LINK180][bookmark: OLE_LINK181][bookmark: OLE_LINK82][bookmark: OLE_LINK83]Table 1 DL average spectral efficiency evaluation (Dense Urban-eMBB at 4GHz)
	[bookmark: _Hlk520992532][bookmark: OLE_LINK151][bookmark: OLE_LINK152][bookmark: OLE_LINK153]Test environment
	Duplex scheme
	DL CSI measurement
	TRxP and UE antenna Config.
(M,N,P,Mg,Ng; Mp,Np)
	Requirement (bit/s/Hz/TRxP)
	SEavg (bit/s/Hz/TRxP)
	Gain

	[bookmark: OLE_LINK146][bookmark: OLE_LINK147][bookmark: _Hlk510517947][bookmark: _Hlk521516092]Dense Urban-eMBB Config. A, 4GHz
UMa-B
	FDD
	[bookmark: OLE_LINK136][bookmark: OLE_LINK137]Non-precoded CSI-RS  based
	[bookmark: OLE_LINK112][bookmark: OLE_LINK113]16T/4R, (8,8,2,1,1;1,8)
	7.8
	8.34
	6.92%

	
	
	
	[bookmark: OLE_LINK121][bookmark: OLE_LINK122]32T/4R, (8,8,2,1,1;2,8)
	
	11.22
	43.85%

	[bookmark: _Hlk510603468]
	
	
	32T/4R, (16,8,2,1,1;2,8)
	
	12.08
	54.87%

	[bookmark: _Hlk510524800][bookmark: _Hlk510007041][bookmark: _Hlk520988356]
	[bookmark: OLE_LINK307][bookmark: OLE_LINK308][bookmark: OLE_LINK143]TDD
[bookmark: OLE_LINK419][bookmark: OLE_LINK420]15KHz SCS
	Non-precoded CSI-RS  based
	[bookmark: OLE_LINK193][bookmark: OLE_LINK195][bookmark: OLE_LINK196]16T/4R, (8,8,2,1,1; 1,8)
	
	11.03
	41.41%

	[bookmark: _Hlk510524758]
	
	
	32T/4R, (8,8,2,1,1; 2,8)
	
	14.36
	84.10%

	
	
	
	32T/4R, (16,8,2,1,1; 2,8)
	
	15.67
	100.90%

	
	
	Precoded CSI-RS  based
	16T/4R, (8,8,2,1,1; 1,8)
	
	10.71
	37.31%

	
	
	
	[bookmark: OLE_LINK138]32T/4R, (8,8,2,1,1; 2,8)
	
	14.22
	82.31%

	
	
	
	32T/4R, (16,8,2,1,1; 2,8)
	
	15.52
	98.97%

	
	
	
	[bookmark: OLE_LINK139]64T/4R, (8,8,2,1,1; 4,8)
	
	17.10
	119.23%

	
	
	
	[bookmark: OLE_LINK140]64T/4R, (12,8,2,1,1; 4,8)
	
	18.35
	135.26%

	
	
	
	64T/4R, (16,8,2,1,1; 4,8)
	
	19.15
	145.51%

	
	TDD
30KHz SCS
	Non-precoded CSI-RS  based
	16T/4R, (8,8,2,1,1; 1,8)
	
	10.64
	36.41%

	
	
	
	32T/4R, (8,8,2,1,1; 2,8)
	
	13.95
	78.85%

	
	
	
	32T/4R, (16,8,2,1,1; 2,8)
	
	15.13
	93.97%

	
	
	Precoded CSI-RS  based
	16T/4R, (8,8,2,1,1; 1,8)
	
	10.32
	32.31%

	
	
	
	32T/4R, (8,8,2,1,1; 2,8)
	
	13.79
	76.79%

	
	
	
	32T/4R, (16,8,2,1,1; 2,8)
	
	15.03
	92.69%

	
	
	
	64T/4R, (8,8,2,1,1; 4,8)
	
	16.62
	113.08%

	
	
	
	64T/4R, (12,8,2,1,1; 4,8)
	
	17.80
	128.21%

	
	
	
	64T/4R, (16,8,2,1,1; 4,8)
	
	18.57
	138.08%



[bookmark: OLE_LINK185][bookmark: OLE_LINK186][bookmark: OLE_LINK98][bookmark: OLE_LINK202]Table 2 DL 5th percentile spectral efficiency evaluation (Dense Urban-eMBB at 4GHz)
	Test environment
	Duplex scheme
	DL CSI measurement
	TRxP and UE antenna Config.
(M,N,P,Mg,Ng; Mp,Np)
	Requirement 
(bit/s/Hz)
	[bookmark: OLE_LINK99][bookmark: OLE_LINK100]SEuser
(bit/s/Hz)
	Gain

	[bookmark: OLE_LINK84]Dense Urban-eMBB Config. A, 4GHz
UMa-B
	FDD
	Non-precoded CSI-RS  based
	[bookmark: OLE_LINK414][bookmark: OLE_LINK415][bookmark: OLE_LINK416]16T/4R, (8,8,2,1,1;1,8)
	[bookmark: OLE_LINK101][bookmark: OLE_LINK102]0.225
	[bookmark: OLE_LINK422][bookmark: OLE_LINK423][bookmark: OLE_LINK424]0.288
	28.00%

	
	
	
	32T/4R, (8,8,2,1,1;2,8)
	
	0.402
	78.67%

	
	
	
	[bookmark: OLE_LINK417][bookmark: OLE_LINK418][bookmark: OLE_LINK421]32T/4R, (16,8,2,1,1;2,8)
	
	0.448
	99.11%

	
	TDD
15KHz SCS
	Non-precoded CSI-RS  based
	[bookmark: OLE_LINK425][bookmark: OLE_LINK426][bookmark: OLE_LINK427]16T/4R, (8,8,2,1,1; 1,8)
	
	0.356
	58.22%

	
	
	
	32T/4R, (8,8,2,1,1; 2,8)
	
	0.504
	124.00%

	
	
	
	[bookmark: OLE_LINK428][bookmark: OLE_LINK429]32T/4R, (16,8,2,1,1; 2,8)
	
	0.548
	143.56%

	
	
	Precoded CSI-RS  based
	16T/4R, (8,8,2,1,1; 1,8)
	
	0.341
	51.56%

	
	
	
	32T/4R, (8,8,2,1,1; 2,8)
	
	0.501
	122.67%

	
	
	
	32T/4R, (16,8,2,1,1; 2,8)
	
	0.547
	143.11%

	
	
	
	64T/4R, (8,8,2,1,1; 4,8)
	
	0.669
	197.33%

	
	
	
	64T/4R, (12,8,2,1,1; 4,8)
	
	0.725
	222.22%

	
	
	
	[bookmark: OLE_LINK433][bookmark: OLE_LINK434][bookmark: OLE_LINK435]64T/4R, (16,8,2,1,1; 4,8)
	
	0.825
	266.67%

	
	TDD
30KHz SCS
	Non-precoded CSI-RS  based
	16T/4R, (8,8,2,1,1; 1,8)
	
	0.345
	53.33%

	
	
	
	32T/4R, (8,8,2,1,1; 2,8)
	
	0.505
	124.44%

	
	
	
	32T/4R, (16,8,2,1,1; 2,8)
	
	0.525
	133.33%

	
	
	Precoded CSI-RS  based
	16T/4R, (8,8,2,1,1; 1,8)
	
	0.330
	46.67%

	
	
	
	32T/4R, (8,8,2,1,1; 2,8)
	
	0.500
	122.22%

	
	
	
	32T/4R, (16,8,2,1,1; 2,8)
	
	0.526
	133.78%

	
	
	
	64T/4R, (8,8,2,1,1; 4,8)
	
	0.642
	185.33%

	
	
	
	64T/4R, (12,8,2,1,1; 4,8)
	
	0.725
	222.22%

	
	
	
	64T/4R, (16,8,2,1,1; 4,8)
	
	0.797
	254.22%



Table 3 DL average spectral efficiency evaluation (Dense Urban-eMBB at 30GHz)
	Test environment
	Duplex scheme
	TRxP and UE antenna Config.
(M,N,P,Mg,Ng; Mp,Np)
	Requirement (bit/s/Hz/TRxP)
	SEavg (bit/s/Hz/TRxP)

	
	
	
	
	[bookmark: OLE_LINK85][bookmark: OLE_LINK89]Ideal Chan&Intf Esti
	Non-ideal Chan&Intf Esti

	Dense Urban-eMBB Config. B, 30GHz
UMa-B
	TDD
60KHz SCS
	[bookmark: OLE_LINK92][bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: OLE_LINK90][bookmark: OLE_LINK91]32T/32R, (8,16,2,1,1; 1,16)/(2,8,2,1,1;2,8)
	7.8
	12.11
	9.96

	
	
	[bookmark: OLE_LINK96][bookmark: OLE_LINK97]64T/32R, (8,16,2,1,1; 2,16)/(2,8,2,1,1;2,8)
	
	13.23
	11.28



Table 4 DL 5th percentile spectral efficiency evaluation (Dense Urban-eMBB at 30GHz)
	Test environment
	Duplex scheme
	TRxP and UE antenna Config.
(M,N,P,Mg,Ng; Mp,Np)
	Requirement (bit/s/Hz/TRxP)
	SEuser (bit/s/Hz)

	
	
	
	
	Ideal Chan&Intf Esti
	Non-ideal Chan&Intf Esti

	Dense Urban-eMBB Config. B, 30GHz
UMa-B
	TDD
60KHz SCS
	32T/32R, (8,16,2,1,1; 1,16)/(2,8,2,1,1;2,8)
	0.225
	0.29
	0.019

	
	
	64T/32R, (8,16,2,1,1; 2,16)/(2,8,2,1,1;2,8)
	
	0.44
	0.052



[bookmark: OLE_LINK324][bookmark: OLE_LINK326][bookmark: OLE_LINK394][bookmark: OLE_LINK395][bookmark: OLE_LINK245][bookmark: OLE_LINK246][bookmark: OLE_LINK235][bookmark: OLE_LINK236][bookmark: OLE_LINK237][bookmark: OLE_LINK396][bookmark: OLE_LINK397]Observation 1: For sub 6 GHz, NR can fulfill the DL spectral efficiency requirements for the Dense Urban-eMBB test environment in both TDD and FDD mode. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK248][bookmark: OLE_LINK257][bookmark: OLE_LINK258][bookmark: OLE_LINK259][bookmark: OLE_LINK114][bookmark: OLE_LINK117][bookmark: OLE_LINK111][bookmark: OLE_LINK110]Observation 2: Evaluation results on downlink spectral efficiency with 30KHz SCS are slightly worse than 15KHz SCS with the assumption that the simulation bandwidth is not scaled with SCS.
[bookmark: OLE_LINK322][bookmark: OLE_LINK323]Observation 3: For TDD, the evaluations results based on non-precoded CSI-RS and precoded CSI-RS are similar. The evaluations results based on precoded CSI-RS are slightly worse due to the larger overhead.
[bookmark: OLE_LINK333][bookmark: OLE_LINK334]Observation 4: For above 6 GHz with 60KHz SCS
· [bookmark: OLE_LINK327][bookmark: OLE_LINK328]With ideal channel and interference estimation, NR can fulfill the DL spectral efficiency requirements for the Dense Urban-eMBB test environment in TDD mode.
· With non-ideal channel and interference estimation, NR can not fulfill the DL 5th percentile user spectral efficiency requirements for the Dense Urban-eMBB test environment. 
[bookmark: OLE_LINK203]User experienced data rate:
[bookmark: OLE_LINK238][bookmark: OLE_LINK239]Considering various bandwidth at 4GHz, DL user experienced data rates are provided in Table 5.
[bookmark: OLE_LINK154][bookmark: OLE_LINK155]Table 5 DL user experienced data rate evaluation (Dense Urban-eMBB at 4GHz)
	[bookmark: _Hlk505776746]Test environment
	Duplex scheme
	[bookmark: OLE_LINK302][bookmark: OLE_LINK303][bookmark: OLE_LINK304]TRxP and UE antenna Config.
(M,N,P,Mg,Ng; Mp,Np) at TRxPs
	Bandwidth W
 (MHz)
	Ruser (Mbit/s)
	Requirement
(Mbit/s)

	[bookmark: OLE_LINK51][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK164][bookmark: _Hlk506110540]Dense Urban-eMBB Config. A, 4GHz
UMa-B
	FDD
	16T/4R, (8,8,2,1,1;1,8)
	300
	86.4
	100

	
	
	
	350
	100.8
	

	
	
	
	400
	115.2
	

	
	
	32T/4R, (16,8,2,1,1;2,8)
	200
	89.6
	

	
	
	
	250
	112
	

	
	[bookmark: OLE_LINK398][bookmark: OLE_LINK399]TDD
15KHz SCS
	16T/4R,(8,8,2,1,1; 1,8)
	250
	85.25
	

	
	
	
	300
	102.3
	

	
	
	
	350
	119.35
	

	
	
	64T/4R,(16,8,2,1,1; 4,8)
	100
	82.5
	

	
	
	
	150
	123.75
	

	
	TDD
30KHz SCS
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK17]16T/4R,(8,8,2,1,1; 1,8)
	300
	99
	

	
	
	
	350
	115.5
	

	
	
	
	400
	132
	

	
	
	64T/4R,(16,8,2,1,1; 4,8)
	100
	79.7
	

	
	
	
	150
	119.55
	


[bookmark: OLE_LINK124][bookmark: OLE_LINK125][bookmark: OLE_LINK251][bookmark: OLE_LINK252][bookmark: OLE_LINK231][bookmark: OLE_LINK232][bookmark: OLE_LINK339][bookmark: OLE_LINK340][bookmark: OLE_LINK204][bookmark: OLE_LINK205][bookmark: OLE_LINK206]Observation 5: The ITU requirement on DL user experienced data rate can be met by NR.
[bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK158][bookmark: OLE_LINK249][bookmark: OLE_LINK250]Note that it is good to list both results from minimum required antenna configuration and a reasonable configuration which can provide required bandwidth respectively to meet DL user experienced data rate requirement. 
Proposal 1: Further discuss which antenna configuration(s) are applied to DL user experienced data rate evaluation, which leads to different presentation of required bandwidth. 
Uplink evaluation results
[bookmark: _GoBack]Based on simulation assumptions in RAN1#92 and RAN1#92bis meeting, non-ideal channel estimation, non-ideal interference estimation, and power backoff for CP-OFDM are modeled. The initial evaluation results for UL average spectral efficiency and UL 5th percentile spectral efficiency under Dense-Urban eMBB are provided in Table 6 and Table 7. Further polish power control parameter and scheduler for both FDD and TDD to balance cell average spectral efficiency and 5th percentile spectral efficiency is performed. From initial results, it can be observed using non-ideal modeling on channel estimation and interference estimation, NR can also satisfy ITU requirement in FR1(Configuration A) while it is very hard to satisfy the requirement in FR2 (Configuraiton B). In this contribution, non-ideal modeling is applied to FR1 and ideal modeling is applied to FR2.
Spectral efficiency:
Table 6 UL average spectral efficiency evaluation
	[bookmark: OLE_LINK213][bookmark: OLE_LINK214]Test environment
	Duplex scheme
	TxRU configuration(No. at transmitter/receiver, configuration at receiver)
	Element configuration(No. at transmitter/receiver, configuration at receiver)
	Requirement (bit/s/Hz)
	SEavg (bit/s/Hz)
	Gain

	[bookmark: OLE_LINK217][bookmark: OLE_LINK218][bookmark: OLE_LINK69]Dense Urban-eMBB Config. A, 4GHz
UMa-B
	FDD
	[bookmark: OLE_LINK215][bookmark: OLE_LINK216]4T/16R, (1,8,2,1,1) 
	4Tx/128Rx, (8,8,2,1,1)
	5.4
	6.40
	18.5%

	
	[bookmark: OLE_LINK70]TDD,15KHz
	[bookmark: OLE_LINK71]4T/16R, (1,8,2,1,1) 
	[bookmark: OLE_LINK74][bookmark: OLE_LINK75]4Tx/128Rx, (8,8,2,1,1)
	
	7.01
	29.8%

	[bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: _Hlk521685748]Dense Urban-eMBB Config. B, 30GHz
UMa-B
	TDD,60KHz
	[bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK81]16T/32R, (1,4,2,1,2)/(2,8,2,1,1)
	32Tx/256Rx, (2,4,2,1,2)/ (8,16,2,1,1)
	
	8.13
	50.6%


Note: for FR2, ideal channel estimation and interference estimation is assumed.
Table 7 UL 5th percentile spectral efficiency evaluation
	Test environment
	Duplex scheme
	TxRU configuration(No. at transmitter/receiver, configuration at receiver)
	Element configuration(No. at transmitter/receiver, configuration at receiver)
	Requirement (bit/s/Hz)
	SEedge (bit/s/Hz)
	Gain

	Dense Urban-eMBB Config. A, 4GHz
UMa-B
	FDD
	4T/16R, (1,8,2,1,1) 
	4Tx/128Rx, (8,8,2,1,1)
	0.15
	0.349
	132.8%

	
	TDD,15KHz
	4T/16R, (1,8,2,1,1) 
	4Tx/128Rx, (8,8,2,1,1)
	
	0.321
	113.8%

	Dense Urban-eMBB Config. B, 30GHz
UMa-B
	TDD,60KHz
	16T/32R, (1,4,2,1,2)/(2,8,2,1,1)
	32Tx/256Rx, (2,4,2,1,2)/ (8,16,2,1,1)
	
	0.160
	6.35%


[bookmark: OLE_LINK253][bookmark: OLE_LINK254]Note: for FR2, ideal channel estimation and interference estimation is assumed.
[bookmark: OLE_LINK331][bookmark: OLE_LINK332][bookmark: OLE_LINK341]Observation 6: For sub 6 GHz, NR can fulfill the UL spectral efficiency requirements for the Dense Urban-eMBB test environment in both FDD and TDD mode.
[bookmark: OLE_LINK335][bookmark: OLE_LINK336][bookmark: OLE_LINK337][bookmark: OLE_LINK338]Observation 7: For above 6 GHz with 60KHz SCS, with ideal channel and interference estimation, NR can fulfill the UL spectral efficiency requirements for the Dense Urban-eMBB test environment in TDD mode.
User experienced data rate:
Considering various bandwidth at 4GHz, UL user experienced data rates are provided in Table 7.
Table 8 UL user experienced data rate evaluation at 4GHz
	Test environment
	Duplex scheme
	TxRU configuration(No. at transmitter/receiver, configuration at receiver)
	Element configuration(No. at transmitter/receiver, configuration at receiver)
	Bandwidth W
 (MHz)
	Ruser (Mbit/s)
	Requirement
(Mbit/s)

	Dense Urban-eMBB Config. A,4GHz
UMa-B 
	FDD
	4T/16R, (1,8,2,1,1) 
	4Tx/128Rx, (8,8,2,1,1)
	100
	34.93
	50

	
	
	
	
	150
	52.39
	

	
	TDD
	4T/16R, (1,8,2,1,1) 
	4Tx/128Rx, (8,8,2,1,1)
	150
	48.09
	

	
	
	
	
	200
	64.12
	


[bookmark: OLE_LINK255][bookmark: OLE_LINK256]Observation 8: The ITU requirement on UL user experienced data rate can be met by NR.
Conclusion
In this contribution, we provide our preliminary evaluation results of Dense Urban -eMBB, we have following observations and proposals:
Observation 1: For sub 6 GHz, NR can fulfill the DL spectral efficiency requirements for the Dense Urban-eMBB test environment in both TDD and FDD mode. 
Observation 2: Evaluation results on downlink spectral efficiency with 30KHz SCS are slightly worse than 15KHz SCS with the assumption that the simulation bandwidth is not scaled with SCS.
Observation 3: For TDD, the evaluations results based on non-precoded CSI-RS and precoded CSI-RS are similar. The evaluations results based on precoded CSI-RS are slightly worse due to the larger overhead.
Observation 4: For above 6 GHz with 60KHz SCS
· With ideal channel and interference estimation, NR can fulfill the DL spectral efficiency requirements for the Dense Urban-eMBB test environment in TDD mode.
· With non-ideal channel and interference estimation, NR can not fulfill the DL 5th percentile user spectral efficiency requirements for the Dense Urban-eMBB test environment.  
Observation 5: The ITU requirement on DL user experienced data rate can be met by NR.
Observation 6: For sub 6 GHz, NR can fulfill the UL spectral efficiency requirements for the Dense Urban-eMBB test environment in both FDD and TDD mode.
Observation 7: For above 6 GHz with 60KHz SCS, with ideal channel and interference estimation, NR can fulfill the UL spectral efficiency requirements for the Dense Urban-eMBB test environment in TDD mode.
Observation 8: The ITU requirement on UL user experienced data rate can be met by NR.
Proposal 1: Further discuss which antenna configuration(s) are applied to DL user experienced data rate evaluation, which leads to different presentation of required bandwidth.
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Annex: Evaluation assumptions
In this contribution, the evaluation assumptions for Dense Urban-eMBB are provided in the following table. 
Table A-1 Evaluation assumptions for DL and UL
	[bookmark: OLE_LINK227][bookmark: OLE_LINK228][bookmark: OLE_LINK229][bookmark: OLE_LINK230]Dense Urban - eMBB
	Config. A
	Config. B

	Carrier frequency for evaluation
	1 layer (Macro) with 4 GHz
	1 layer (Macro) with 30 GHz

	Simulation bandwidth
	FDD: 10M+10M
TDD: 20M
	TDD: 80M

	Slots structure
	[bookmark: OLE_LINK148][bookmark: OLE_LINK149][bookmark: OLE_LINK150][bookmark: OLE_LINK159]FDD: paired spectrum, DL + UL
TDD: unpaired spectrum, DSUUD
	TDD: unpaired spectrum, DSUUD

	Subcarrier spacing
	15KHz,30KHz(TDD only)
	60 KHz

	Symbols number per slot
	14
	14

	BS antenna height
	25 m
	25 m

	Total transmit power per TRxP
	FDD: 41 dBm
TDD: 44 dBm 
	40 dBm

	UE power class
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type 
	20% high loss, 80% low loss (applies to Channel model B)
	20% high loss, 80% low loss (applies to Channel model B)

	Inter-site distance
	200 m
	200 m

	Number of antenna elements per TRxP
	[bookmark: OLE_LINK451][bookmark: OLE_LINK452]128Tx/Rx, (M,N,P,Mg,Ng) = (8,8,2,1,1), 
192Tx/Rx, (M,N,P,Mg,Ng) = (12,8,2,1,1),
256Tx/Rx, (M,N,P,Mg,Ng) = (16,8,2,1,1),

 (dH,dV) = (0.5, 0.8)λ
+45°, -45° polarization
	256Tx/Rx, (M,N,P,Mg,Ng) = (8,16,2,1,1), 

 (dH,dV) = (0.5, 0.8)λ
+45°, -45° polarization

	Number of TXRU per TRxP
	16TXRU, (Mp,Np,P,Mg,Ng) = (1,8,2,1,1)
32TXRU, (Mp,Np,P,Mg,Ng) = (2,8,2,1,1)
64 TXRU, (Mp,Np,P,Mg,Ng) =  (4,8,2,1,1)
	32TXRU, (Mp,Np,P,Mg,Ng) = (1,16,2,1,1)
32TXRU, (Mp,Np,P,Mg,Ng) = (2,8,2,1,1)
64 TXRU, (Mp,Np,P,Mg,Ng) =  (2,16,2,1,1)

	Number of UE antenna elements 
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), 
 (dH,dV) = (0.5, N/A)λ

0°,90° polarization
	[bookmark: OLE_LINK103][bookmark: OLE_LINK104]32Tx/Rx, (M,N,P,Mg,Ng) = (2,8,2,1,1), 
 (dH,dV) = (0.5, N/A)λ
32Tx/Rx, (M,N,P,Mg,Ng) = (2,4,2,1,2), 
 (dH,dV) = (0.5, N/A)λ
0°,90° polarization

	Number of TXRU per UE
	4TXRU, (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)
(1-to-1 mapping)
	[bookmark: OLE_LINK105][bookmark: OLE_LINK109]32TXRU, (Mp,Np,P,Mg,Ng) = (2,8,2,1,1)
16TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,2)

	Device deployment
	80% indoor, 20% outdoor (in car)
Randomly and uniformly distributed over the area under Macro layer
	80% indoor, 20% outdoor (in car)
Randomly and uniformly distributed over the area under Macro layer

	UE speeds of interest
	Indoor users: 3km/h
Outdoor users (in-car): 30 km/h
	Indoor users: 3km/h
Outdoor users (in-car): 30 km/h

	BS noise figure
	5 dB
	5 dB

	UE noise figure
	7 dB 
	7 dB 

	BS antenna element gain
	8 dBi
	8 dBi

	BS antenna element pattern
	See Table 9 in Report ITU‑R M.2412
	[bookmark: OLE_LINK118][bookmark: OLE_LINK119]See Table 9 in Report ITU‑R M.2412

	UE antenna element gain
	0 dBi
	5 dBi

	UE antenna element pattern
	Omni-directional
	See Table 11 in Report ITU‑R M.2412

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer

	UE density
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl ~ uniform(1,Nfl) where 
Nfl ~ uniform(4,8)
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl ~ uniform(1,Nfl) where 
Nfl ~ uniform(4,8)

	Channel model 
	Channel model B
	Channel model B

	TRxP number per site
	3
	3

	Mechanic tilt 
	90° in GCS 
	90° in GCS 

	Electronic tilt
	102° in LCS
	/

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

	Polarized antenna model
	Model-2 in TR36.873
	Model-2 in TR36.873

	Beam set at TRxP
	/
	For direction of TRxP analog beam steering (in LCS):
Zenith angle θj :
 [7*pi/12, 2*pi/3, 3*pi/4, 5*pi/6]

	Beam set at UE
	/
	/

	TX mode
	SU/MU-MIMO
	SU/MU-MIMO

	[bookmark: _Hlk510019314]scheduler
	PF
	PF

	Receiver
	MMSE-IRC
	MMSE-IRC

	DL CSI feedback
	10ms period with delay
	10ms period with delay

	DL CSI method
	FDD: CSI TypeII codebook based
TDD: SRS and non-precoded CSI-RS / precoded CSI-RS based channel reciprocity
	TDD: SRS and precoded CSI-RS based channel reciprocity

	[bookmark: _Hlk510019323]NR Type II codebook parameters
	[bookmark: OLE_LINK346]4 beam basis, WB+SB and 8PSK quantification
	/

	HARQ ACK delay
	the next available UL slot
	the next available UL slot

	HARQ retransmission delay
	the next available DL slot after ACK report
	the next available DL slot after ACK report

	Channel estimation
	Non-ideal
	[bookmark: OLE_LINK320][bookmark: OLE_LINK321]Ideal / Non-ideal

	Interference estimation
	Non-ideal
	Ideal / Non-ideal

	[bookmark: _Hlk505782583]UE precoder scheme
	Codebook based for FDD;
Non-codebook based for TDD
	Non-codebook based for TDD

	UL CSI derivation
	SRS based with delay
	SRS based with delay

	UL Waveform
	OFDM
	OFDM

	IoT
	<10dB
	<10dB

	PAPR model
	Non-continuous  MPR is supported[9]
	/

	[bookmark: _Hlk510019366]Overhead
	Refer to our companion contribution [5]. 
	Refer to our companion contribution [5]. 



