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Introduction
In RAN #77 meeting, the general work plan which are related to ITU self evaluation have been made in [1]. The IMT-2020 submission time plan has also been agreed [2]. It was agreed that:
Agreements:
· Step 1: From Sep 2017 to Dec 2017, discussions in RAN ITU-R Ad-Hoc
· Calibration for self evaluation.
· Prepare and finalize initial description template information that is to be submitted to ITU-R WP 5D#29.
· Step 2: From early 2018 to Sep 2018, targeting “update & self eval” submission in Sep 2018
· Performance evaluation against eMBB, mMTC and URLLC requirements and test environments for NR and LTE features.
· Update description template and prepare compliance template according to self evaluation results.
· Provide description template, compliance template, and self evaluation results based on Rel-15 in Sep 2018.
· Step 3: From Sep 2018 to June 2019, targeting “Final” submission in June 2019
· Performance evaluation update by taking into account Rel-16 updates in addition to Rel-15.
· Update description template and compliance template to take into account Rel-16 updates in addition to Rel-15.
· Provide description template, compliance template, and self evaluation results based on Rel-15 and Rel-16 in June 2019.
In this contribution, we provide our initial evaluation results of Dense Urban-eMBB for ITU IMT-2020 self-evaluation.

ITU Evaluation Methodology and Requirement for Spectral Efficiency
ITU-R report M.2142 [3] shows the average spectral efficiency (SE) can be estimated by running system-level simulations over number of drops Ndrops, then the average SE result is given by 
 , 
where  is the simulated total number of correctly received bits for user i in drop j. W denote the channel bandwidth and T the time over which the data bits are received. The 5th percentile user spectral efficiency is defined as 5th percentile point of the cumulative distribution function (CDF) of the normalized user throughput that can be given by 
=  ,
where Ti is the scheduling time duration of user i. It is noted that Ti equal to total simulation time T in the case of full buffer traffic model.
The minimum requirement for the 5th percentile user spectral efficiency and average spectral efficiency for Dense Urban-eMBB sceanrio is provided as follow [4].
Table 1 Average Spectral Efficiency and 5th Percentile User Spectral Efficiency
	Test Environment
	Average spectral efficiency (bit/s/Hz/TRxP)
	5th percentile user spectral efficiency (bit/s/Hz/TRxP)

	Dense Urban – eMBB
	Downlink
	7.8
	0.225

	
	Uplink
	5.4
	0.15




Evaluation Results of DL Spectral Efficiency
In this section, an initial downlink evaluation results of DL average spectral efficiency and 5th percentile user spectral efficiency are listed in Table 2 and 3. The detailed evaluation assumptions can be found in Annex. In addition, Table 4 shows the details of number of DL transmission layer.

Table 2 DL Average Spectral Efficiency
	Test Environment
	TRP Antenna configuration 
(M,N,P,Mg,Ng; Mp,Np)
	UE Antenna configuration 
(M,N,P,Mg,Ng; Mp,Np)
	SEavg (bit/s/Hz/TRxP)
	ITU Requirement 
(bit/s/Hz/TRxP)

	Dense Urban – eMBB Config A
	For 4T: (8,8,2,1,1;2,1)
	For 4R: (1,2,2,1,1; 1,2)
	14.105
	7.8

	
	For 32T: (8,8,2,1,1;2,8)
	For 4R: (1,2,2,1,1; 1,2)
	10.584
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	Test Environment
	TRP Antenna configuration 
(M,N,P,Mg,Ng; Mp,Np)
	UE Antenna configuration
(M,N,P,Mg,Ng; Mp,Np)
	SEuser (bit/s/Hz)
	ITU Requirement (bit/s/Hz/TRxP)

	Dense Urban – eMBB Config A
	For 4T: (8,8,2,1,1;2,1)
	For 4R: (1,2,2,1,1; 1,2)
	0.395
	0.225

	
	For 32T: (8,8,2,1,1;2,8)
	For 4R: (1,2,2,1,1; 1,2)
	0.202
	



Table 4 DL Transmission Layer Information
	Test Environment
	TRP Antenna configuration 
(M,N,P,Mg,Ng; Mp,Np)
	UE Antenna configuration 
(M,N,P,Mg,Ng; Mp,Np)
	1 Layer
	2 Layer
	3 Layer
	4 Layer

	Dense Urban – eMBB Config A
	For 4T: (8,8,2,1,1;2,1)
	For 4R: (1,2,2,1,1; 1,2)
	15.61 %
	38.24 %
	42.63 %
	3.52 %

	
	For 32T: (8,8,2,1,1;2,8)
	For 4R: (1,2,2,1,1; 1,2)
	37.9 %
	38.07 %
	20.52 %
	3.51 %




Observation 1: NR can fulfill the minimun DL average spectral efficiency requirements for Dense Urban -eMBB Config. A.
Observation 2: NR can fulfill the minimun DL 5th percentile user spectral efficiency requirements for Dense Urban-eMBB Config. A.

Evaluation Results of UL Spectral Efficiency
In this section, an initial downlink evaluation results of UL average spectral efficiency and 5th percentile user spectral efficiency are listed in Table 5 and 6. In addition, Table 7 shows the details of number of DL transmission layer.
Table 5 UL Average Spectral Efficiency

	Test Environment
	TRP Antenna configuration 
(M,N,P,Mg,Ng; Mp,Np)
	UE Antenna configuration 
(M,N,P,Mg,Ng; Mp,Np)
	SEavg (bit/s/Hz/TRxP)
	ITU Requirement 
(bit/s/Hz/TRxP)

	Dense Urban – eMBB Config A
	For 4R: (8,8,2,1,1; 2,1)
	For 4T: (1,2,2,1,1; 1,2)
	9.29
	5.4

	
	For 16R: (8,8,2,1,1; 1,8)
	For 2T: (1,1,2,1,1; 1,1)
	8.026
	



Table 6 UL 5th Percentile User Spectral Efficiency
	Test Environment
	TRP Antenna configuration 
(M,N,P,Mg,Ng; Mp,Np)
	UE Antenna Configuration
(M,N,P,Mg,Ng; Mp,Np)
	SEuser (bit/s/Hz)
	ITU Requirement (bit/s/Hz/TRxP)

	Dense Urban – eMBB Config A
	For 4R: (8,8,2,1,1; 2,1)
	For 4T: (1,2,2,1,1; 1,2)
	0.189
	0.15

	
	For 16R: (8,8,2,1,1; 1,8)
	For 2T: (1,1,2,1,1; 1,1)
	0.042
	



Table 7 UL Transmission Layer Information
	Test Environment
	TRP Antenna configuration 
(M,N,P,Mg,Ng; Mp,Np)
	UE Antenna configuration 
(M,N,P,Mg,Ng; Mp,Np)
	1 Layer
	2 Layer
	3 Layer
	4 Layer

	Dense Urban – eMBB Config A
	For 4R: (8,8,2,1,1; 2,1)
	For 4T: (1,2,2,1,1; 1,2)
	22.47 %
	60.70 %
	16.48 %
	0.35 %

	
	For 16R: (8,8,2,1,1; 1,8)
	For 2T: (1,1,2,1,1; 1,1)
	61.23 %
	38.77 %
	0 %
	0 %



Observation 3: NR can fulfill the minimun UL average spectral efficiency requirements for Dense Urban-eMBB Config. A.
Observation 4: NR can fulfill the minimun UL 5th percentile user spectral efficiency requirements for Dense Urban-eMBB Config. A with antenna configuration 4T/4R, but 2T/16R configuration cannot meet requirement.
Observation 5: The antenna configuration should be carefully investigated, which dominates whether the requirement is met.

Summary
In this contribution, we provide our preliminary evaluation results of Dense Urban-eMBB, we have following observations:
Observation 1: NR can fulfill the minimun DL average spectral efficiency requirements for Dense Urban -eMBB Config. A.
Observation 2: NR can fulfill the minimun DL 5th percentile user spectral efficiency requirements for Dense Urban-eMBB Config. A.
Observation 3: NR can fulfill the minimun UL average spectral efficiency requirements for Dense Urban-eMBB Config. A.
Observation 4: NR can fulfill the minimun UL 5th percentile user spectral efficiency requirements for Dense Urban-eMBB Config. A with antenna configuration 4T/4R, but 2T/16R configuration cannot meet requirement.
Observation 5: The antenna configuration should be carefully investigated, which dominates whether the requirement is met.
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Annex: Evaluation assumptions
In this contribution, the downlink and uplink 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

	Total transmit power per TRxP
	41 dBm for 10 MHz bandwidth

	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
	4TXRU, (Mp,Np,P,Mg,Ng) = (2,1,2,1,1)

	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: 3 km/h
Outdoor users (in-car): 30 km/h

	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)

	Electronic tilt
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = [-5*pi/16, -3*pi/16, -pi/16, pi/16, 3*pi/16, 5*pi/16] 
Zenith angle θj = [5*pi/8, 7*pi/8]

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam)

	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

	Scheduler
	DL: SU PF
UL: SU PF

	Duplexing
	FDD

	Modulation
	Up to 256 QAM

	Downlink Overhead 
	SS/PBCH block
	1 SS/PBCH block per 20ms

	
	PDCCH
	2 OFDM symbols per slot 

	
	DMRS (Type II)
	4, 8, 12 ports

	
	CSI-RS for CM
	4, 8, 16, 32 ports with periodicity of 5ms

	
	CSI-RS for IM
	ZP CSI-RS with 5 slots period;
4 RE/PRB/5 slots

	
	TRS
	20ms period; maximal bandwidth with 52 PRB;
burst length with 2 slots
12 RE/PRB/20ms

	Uplink Overhead
	PUCCH
	2 PRBs and 14 OS for the slots without SRS transmission; 
2 PRBs and 12 OS for the slots with SRS

	
	DMRS 
	Type II, 2 complete symbols

	
	SRS
	2 OFDM symbols per 5 slots

	Receiver
	MMSE-IRC

	CSI feedback
	PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based

	Channel estimation
	Non-ideal



