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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 provide in Report ITU‑R M.2410 [2] for the test environment of Dense Urban-eMBB. 
[bookmark: OLE_LINK168][bookmark: OLE_LINK169]TABLE 1
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]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_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK76]In this document, we focus on the Dense Urban-eMBB to demonstrate the technical performance requirements, including the DL average spectral efficiency, the DL 5th percentile user spectral efficiency and the DL user experienced data rate.
[bookmark: OLE_LINK172][bookmark: OLE_LINK173]Evaluation methodology
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.
Evaluation assumption
[bookmark: OLE_LINK176][bookmark: OLE_LINK177]In [3], a number of evaluation parameters are defined for the detailed evaluations. Some of them need further decision from IMT-2020 technology proponent, e.g. the exact number of antenna elements applied and it is also necessary to discuss the parameters which were not detailed (“reported by proponent”) in ITU report, e.g. TxRU to antenna element mapping. Before future discussion on those parameters, the evaluation assumptions used in this document are summarized in Annex, which will be updated when 3GPP has further discussions and/or agreements.
Initial downlink evaluation results
[bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK178][bookmark: OLE_LINK179]Based on the above information, the initial evaluation results are provided for DL average spectral efficiency and DL 5th percentile spectral efficiency under Dense Urban-eMBB in Table 1 and Table 2. The user experienced data rates results are provided in Table 3 which are calculated based on initial results of the 5th percentile spectral efficiency. Evaluation assumptions can be found in Annex.
Note: antenna configuration applied in this document follows the ones in calibration for DL geometry [4]. More antenna configurations will be further evaluated to observe which configurations are more proper. 
Spectral efficiency:
[bookmark: OLE_LINK209][bookmark: OLE_LINK210]The evaluation results mainly focus on those at 4GHz. For the evaluation with above 6GHz, the strategies of transmission (resource schedule, analogy beam management, .etc) and reception with multiple panels in UEs side need more investigation/discussion and will be updated.
Note: non-ideal evaluation assumptions and overhead will be updated in future. Overhead for TDD and FDD are assumed same in this document for simplicity. 
[bookmark: OLE_LINK142][bookmark: OLE_LINK180][bookmark: OLE_LINK181]Table 1 Initial DL average spectral efficiency evaluation (Dense Urban-eMBB at 4GHz)
	[bookmark: OLE_LINK33][bookmark: OLE_LINK45][bookmark: OLE_LINK100][bookmark: OLE_LINK109]Test environment 
	Duplex scheme
	SEavg 
(bit/s/Hz/TRxP)
	Requirement (bit/s/Hz/TRxP)
	Gain

	[bookmark: _Hlk503433358][bookmark: OLE_LINK292][bookmark: OLE_LINK182]Dense Urban-eMBB Config. A
(4 GHz, 32TxRu/128T4R)
	TDD
	14.93
	7.8
	+91.41%

	
	FDD
	11.90
	7.8
	+52.56%



[bookmark: OLE_LINK185][bookmark: OLE_LINK186]Table 2 Initial DL 5th percentile spectral efficiency evaluation (Dense Urban-eMBB at 4GHz)
	Test environment 
	Duplex scheme
	SEuser
(bit/s/Hz)
	Requirement 
(bit/s/Hz)
	Gain

	[bookmark: _Hlk503433378][bookmark: OLE_LINK295]Dense Urban-eMBB Config. A
(4 GHz, 32TxRu/128T4R)
	TDD
	0.51
	0.225
	+126.67%

	
	FDD
	0.37
	0.225
	+64.44%


[bookmark: OLE_LINK301][bookmark: OLE_LINK302]Observation 1: For sub 6 GHz, NR can fulfill the DL spectral efficiency requirements in the Dense Urban-eMBB test environment in both TDD and FDD mode.
[bookmark: OLE_LINK288][bookmark: OLE_LINK289][bookmark: OLE_LINK110]	- The 128T4R antenna element configuration with 32TxRu at transmitter can fulfil the requirement

User experienced data rate:
Considering various bandwidth at sub 6GHz, initial DL user experienced data rates are provided in Table 3.
[bookmark: OLE_LINK154][bookmark: OLE_LINK155]Table 3 Initial DL user experienced data rate evaluation at 4GHz
	Test environment
	Duplex mode
	Bandwidth W
(MHz)
	[bookmark: OLE_LINK298]Ruser (Mbit/s)
	Requirement
(Mbit/s)

	[bookmark: _Hlk503433563]Dense Urban-eMBB Config. A
(4 GHz, 32TxRu/128T4R)
	TDD
	100
	51.00
	100

	
	
	150
	76.50
	100

	
	
	200
	102.00
	100

	
	
	250
	127.50
	100

	
	FDD
	200
	74.00
	100

	
	
	250
	92.50
	100

	
	
	300
	111.00
	100

	
	
	350
	129.50
	100


[bookmark: OLE_LINK124][bookmark: OLE_LINK125][bookmark: OLE_LINK303][bookmark: OLE_LINK304][bookmark: OLE_LINK55]Observation 2: The ITU requirement on DL user experienced data rate can be met by NR in sub 6GHz.
[bookmark: OLE_LINK117][bookmark: OLE_LINK139][bookmark: OLE_LINK140][bookmark: OLE_LINK141]	- For TDD mode, the bandwidth should be not smaller than 200MHz
- For FDD mode, the bandwidth should be not smaller than 300MHz
Note that the above results will be updated when evaluation assumptions and spectral efficiency are further updated.
Conclusion
In this contribution, we provide our preliminary evaluation results of Dense Urban -eMBB, we have following observations:
[bookmark: OLE_LINK77][bookmark: OLE_LINK78]Observation 1: For sub 6 GHz, NR can fulfill the DL spectral efficiency requirements in the Dense Urban-eMBB test environment in both TDD and FDD mode.
	- The 128T4R antenna element configuration with 32TxRu at transmitter can fulfil the requirement
Observation 2: The ITU requirement on DL user experienced data rate can be met by NR in sub 6GHz.
	- For TDD mode, the bandwidth should be not smaller than 200MHz
- For FDD mode, the bandwidth should be not smaller than 300MHz
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Annex: Evaluation assumptions
In this contribution, the evaluation assumptions for Dense Urban-eMBB are provided in the following table. 
	Dense Urban - eMBB
	Config. A

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

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

	Subcarrier spacing
	15K

	Symbols number per slot
	14

	BS antenna height
	25 m

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

	UE power class
	23 dBm

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

	Inter-site distance
	200 m

	Number of antenna elements per TRxP
	128Tx/Rx, (M,N,P,Mg,Ng) = (8,8,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization

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

	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

	Number of TXRU per UE
	4TXRU, (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)
(1-to-1 mapping)

	Device deployment
	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

	BS noise figure
	5 dB

	UE noise figure
	7 dB 

	BS antenna element gain
	8 dBi

	BS antenna element pattern
	See Table 9 in Report ITU‑R M.2412

	UE antenna element gain
	0 dBi

	UE antenna element pattern
	Omni-directional

	Thermal noise level
	-174 dBm/Hz

	Traffic model
	Full buffer

	UE density
	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)

	Channel model 
	Channel model B

	TRxP number per site
	3

	Mechanic tilt 
	90° in GCS 

	Electronic tilt
	102° in LCS

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

	Wrapping around method
	Geographical distance based wrapping

	Polarized antenna model
	Model-2 in TR36.873

	Receiver
	MMSE-IRC

	CSI feedback
	10ms period based on CSI-RS

	CSI method
	FDD: CSI TypeII codebook based
TDD: full reciprocity based

	Channel estimation
	ideal

	Interference estimation
	ideal



