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1. Introduction
[bookmark: _Hlk521425442]At the RAN1#93 meeting, the initial evaluation results for Dense Urban–eMBB Config A and Config B  have been presented [1], from which the DL 5th percentile spectral efficiency can’t meet the ITU requirements. For further enhancmenet, we implement the multi-pannel combination at UE side for Dense Urban-eMBB config B. Based on the enhancement, we present the updated evaluation results of Dense Urban-eMBB config B.
2. ITU Requirements
[bookmark: _GoBack]The minimum requirement for the 5th percentile user spectral efficiency and average spectral efficiency for Dense Urban-eMBB sceanrio is provided as follow [2].
TABLE 1
5th percentile user spectral efficiency
	Test environment
	Downlink 
(bit/s/Hz)
	Uplink 
(bit/s/Hz)

	Dense Urban – eMBB (NOTE 1)
	0.225
	0.15

	NOTE 1: This requirement will be evaluated under Macro TRxP layer of Dense Urban – eMBB test environment as described in [3].


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 [3].


The defination of user experienced data is also defined in [2]. User experienced data rate is the 5% point of the cumulative distribution function (CDF) of the user throughput. User throughput (during active time) is defined as the number of correctly received bits, i.e. the number of bits contained in the service data units (SDUs) delivered to Layer 3, over a certain period of time. 
In case of one frequency band and one layer of transmission reception points (TRxP), the user experienced data rate could be derived from the 5th percentile user spectral efficiency through equation (1). Let W denote the channel bandwidth and SEuser denote the 5th percentile user spectral efficiency. Then the user experienced data rate, Ruser is given by:
		Ruser = W × SEuser 	(1)
The minimum requirement of user experienced data rate is listed as follow.
TABLE 3
User Experienced Data Rate
	Test environment
	Downlink (Mbit/s)
	Uplink (Mbit/s)

	Dense Urban – eMBB
	100
	50


3. Evaluation Results of DL Spectral Efficiency
In this section, we provide the downlink results of Dense Urban–eMBB Config A/B. The detailed evaluation assumptions can be found in Annex.
The initial evaluation results of DL average spectral efficiency and DL 5th percentile spectral efficiency for Config A/B are summarized in Table 4 and Table 5. The results of user experienced data rate are provided based on initial results of the 5th percentile spectral efficiency.
TABLE 4
Average spectral efficiency and 5th percentile user spectral efficiency for Dense Urban – eMBB Config A   
	Antenna configuration
	SEavg 
(bit/s/Hz/TRxP)
	ITU Requirement (bit/s/Hz/TRxP)
	SEuser
(bit/s/Hz)
	ITU Requirement 
(bit/s/Hz)

	16 TXRU of TRxP
	12.06
	7.8
	0.38
	0.225

	32 TXRU of TRxP
	15.67
	7.8
	0.5459
	0.225


TABLE 5
Average spectral efficiency and 5th percentile user spectral efficiency for Dense Urban – eMBB Config B

	Antenna configuration
	SEavg
(bit/s/Hz/TRxP)
	ITU Requirement (bit/s/Hz/TRxP)
	SEuser
(bit/s/Hz)
	ITU Requirement
(bit/s/Hz)

	32 TXRU of TRxP, w/o combination at UE side
	13.84
	7.8
	0.2194
	0.225

	32 TXRU of TRxP, w/ combination at UE side
	17.48
	7.8
	0.2441
	0.225


Based on above evaluation results, we have following observation. 
Observation 1: The minimum requirement for DL 5th percentile user spectral efficiency and DL average spectral efficiency can be met for Dense Urban-eMBB configuration A and B.
4. Evaluation Results of UL Spectral Efficiency
In this section, we provide the preliminary uplink results of Dense Urban–eMBB Config A. The detailed evaluation assumptions can be found in Annex.
The initial evaluation results of UL average spectral efficiency and UL 5th percentile spectral efficiency are summarized in Table 6. The results of user experienced data rate are provided based on initial results of the 5th percentile spectral efficiency
TABLE 6
Average spectral efficiency and 5th percentile user spectral efficiency for Dense Urban – eMBB Config A
	Test environment
	SEavg
(bit/s/Hz/TRxP)
	ITU Requirement (bit/s/Hz/TRxP)
	SEuser
(bit/s/Hz)
	ITU Requirement
(bit/s/Hz)

	Dense Urban – eMBB Config A (4 layer)
	5.76
	5.4
	0.24
	0.15

	Dense Urban – eMBB Config A (8 layer)
	6.11
	5.4
	0.21
	0.15


Based on above evaluation results, we have following observation. 
Observation 2: The minimum requirement for UL 5th percentile user spectral efficiency and UL average spectral efficiency can be met for Dense Urban-eMBB configuration A.
5. Evaluation Results of DL User Experienced Data Rate
In this section, we will analyze the minimum bandwidth to meet the ITU requirement on user experienced data rate based on initial results of the 5th percentile spectral efficiency in Table 7. 
TABLE 7
DL user experienced data rate 
	Test environment
	Bandwidth, W 
(MHz)
	DL user experienced data rate 
 (Mbit/s)
	ITU requirement (Mbit/s)

	Dense Urban – eMBB Config A 
(32 TXRU of TRxP)
	100
	 54.59
	100

	
	200
	 109.18
	100

	
	300
	 163.77
	100

	Dense Urban – eMBB Config B
(w/ combination at UE side) 
	400
	97.64
	100

	
	500
	122.05
	100

	
	600
	146.46
	100


Based on above results, we have following observation. 
Observation 3: The requirement on DL user experienced data rate can be met for Dense Urban configuration A, when the bandwidth is larger than 200MHz
Observation 4: The requirement on DL user experienced data rate can be met for Dense Urban configuration B, when the bandwidth is larger than 500MHz.

6. Evaluation Results of UL User Experienced Data Rate
In this section, we will analyze the minimum bandwidth to meet the ITU requirement on user experienced data rate based on initial results of the 5th percentile spectral efficiency in Table 8
TABLE 8
UL user experienced data rate 
	Test environment
	Bandwidth, W 
(MHz)
	DL user experienced data rate 
 (Mbit/s)
	ITU requirement (Mbit/s)

	Dense Urban – eMBB Config A 
	150
	 36
	50

	
	200
	 48
	50

	
	250
	60
	50


Observation 5: The requirement on UL user experienced data rate can be met for Dense Urban configuration A, when the bandwidth is larger than 250MHz
7. Summary
In this contribution, we provide the results of Dense Urban-eMBB Config A and Config B, including the DL/UL average spectral efficiency, the DL/UL 5th percentile user spectral efficiency, the DL/UL user experienced data rate. The observations are summarized as follow:
Observation 1: The minimum requirement for DL 5th percentile user spectral efficiency and DL average spectral efficiency can be met for Dense Urban-eMBB configuration A and B.
Observation 2: The minimum requirement for UL 5th percentile user spectral efficiency and UL average spectral efficiency can be met for Dense Urban-eMBB configuration A.
Observation 3: The requirement on DL user experienced data rate can be met for Dense Urban configuration A, when the bandwidth is larger than 200MHz
Observation 4: The requirement on DL user experienced data rate can be met for Dense Urban configuration B, when the bandwidth is larger than 500MHz.
Observation 5: The requirement on UL user experienced data rate can be met for Dense Urban configuration A, when the bandwidth is larger than 250MHz
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Annex: Evaluation assumptions
	Dense Urban – eMBB
	Config A
	Config B

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

	Total transmit power per TRxP
	41 dBm for 10 MHz bandwidth
	37 dBm for 40 MHz bandwidth

	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

	Inter-site distance
	200 m
	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
	256Tx/Rx = (M,N,P,Mg,Ng) = (4,8,2,2,2), (dH,dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ
+45°, -45° polarization

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

	Number of UE antenna elements 
	DL: 4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ
UL: 16Tx/Rx, (M,N,P,Mg,Ng) = (1,8,2,1,1), (dH,dV) = (0.5, N/A)λ
0°,90° polarization
	DL:32Tx/Rx = (M,N,P,Mg,Ng) = (2,4 ,2,1,2), (dH,dV) = (0.5, 0.5)λ
UL: 16Tx/Rx, (M,N,P,Mg,Ng) = (1,8,2,1,1), (dH,dV) = (0.5, N/A)λ
0°,90° polarization

	Number of TXRU per UE
	DL: 4TXRU, (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)
(1-to-1 mapping)
UL: 16TXRU, (M,N,P,Mg,Ng) = (1,8,2,1,1)
(1-to-1 mapping)
	DL: 32TXRU, (Mp,Np,P,Mg,Ng) = (2,8,2,1,1)

UL: 16TXRU, (M,N,P,Mg,Ng) = (1,8,2,1,1)
(1-to-1 mapping)

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

	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
	108°in LCS
	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 = [7*pi/12, 2*pi/3, 3*pi/4, 5*pi/6]

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 (2D DFT beam)

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula) from port 0
The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.

	Wrapping around method
	Geographical distance based wrapping

	Polarized antenna model
	Model-2 in TR36.873

	Scheduler
	DL: MU PF (Max 12 layer)
UL: SU PF
	DL: SU PF (Max 8 layer)
UL: SU PF

	Subband number
	10
	5

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

	
	PDCCH
	2 OFDM symbols per slot 
	0.5 OFDM symbols per slot

	
	DMRS (Type II)
	4, 8, 12 ports

	
	CSI-RS
	4, 8, 16, 24, 32 ports with periodicity of 5ms

	
	TRS
	4 CSI-RS resource in 2 consecutive slots per 20ms, 50PRB

	
	PT-RS
	N.A.
	time desity is 4OS, frequency density is 4PRB

	Uplink Overhead
	PUCCH
	14 OS, 4PRB for FDD

	
	DMRS 
	6, 12 ports

	
	SRS
	2 OFDM symbols per 5 slots

	
	PT-RS
	N.A. 
	time desity is 4OS, frequency density is 4PRB

	Receiver
	Ideal-IRC

	CSI feedback
	Ideal

	Channel estimation
	Ideal
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