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Introduction
NR supports both FDD and TDD duplex modes in FR1 and only TDD mode in FR2. In FDD system, UE should feedback the DL channel state information, e.g. RI, PMI, CQI, for gNB to determine the DL precoding matrix and MCS. The DL transmission for FDD system is usually a PMI based transmission. However due to the channel reciprocity of unpaired spectrum, TDD system can obtain DL channel information by using uplink SRS signal. Compared with the FDD PMI based DL transmission, TDD system can determine the non-PMI based DL precoder via the uplink SRS signal, which can capture the more accurate DL channel information without doing channel quantization. In this contribution, we provide the spectral efficiency results of Dense Urban-eMBB scenario for both TDD and FDD systems and compare the SINR performance difference of PMI and non-PMI based transmission.

Non-PMI and PMI based Transmission
When FDD system uses PMI based transmission, gNB periodically transmits non-precoded CSI-RS for UE to estimate DL channel. Then UE derives RI, PMI and CQI based on the estimated channel and feedbacks the corresponding CSI. The gNB can determine the PDSCH MCS based on CQI and precoding matrix based on RI and PMI. The DL PMI based transmission procedure for FDD system is illustrated in Figure 1(a). The detailed procedure steps is listed below:
Step 1: BS periodically transmits non-precoded CSI-RS.
Step 2: UE periodically measures non-precoded CSI-RS and derived RI, PMI for CSI feedback.
Step 3: UE derives the corresponding CQI based on the RI, PMI.
Step 4: BS transmits PDSCH based on the UE feedback information RI, PMI and CQI.
When TDD system uses Non-PMI based transmission, UE will transmits non-precoded SRS to gNB. gNB uses the channel reciprocity to get DL precoder by doing SVD to the DL channel matrix. Then gNB transmits the precoded CSI-RS for UE to estimate RI and CQI. The gNB can determine the PDSCH MCS based on CQI and transmitted layers by RI. The DL Non-PMI based transmission procedure for TDD system is illustrated in Figure 1(b). The detailed procedure steps is listed below:
Step 1: UE periodically transmits non-precoded SRS.
Step 2: BS periodically measures non-precoded SRS and get DL channel matrix information (Using UL/DL channel reciprocity).
Step 3: According DL matrix, BS can determine precoding matrix.
Step 4: BS transmits precoded CSI-RS using N “eigen-vector”.
Step 5: UE measures on N CSI-RS port(s) to derive equivalent channel, and then derive rank L (L≤N) and corresponding CQI.
Step 6: BS transmits PDSCH based on the information of RI, precoding and CQI.
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Figure 1 (a) DL PMI based transmission for FDD system. (b) DL Non-PMI based transmission for TDD system.

Evaluation Results
In this section, we provide our evaluation results. There are two types of antenna configurations are considered in our simulation cases:
· Case 1 : 32Tx/4Rx
· Case 2 : 4Tx/4Rx
The number of antenna elements for both cases are the same 128Tx/Rx, (M,N,P,Mg,Ng) = (8,8,2,1,1). Only the antenna elements to TXRU mapping are different. The assumptions of antenna configuration case 2 (4Tx/4Rx) is based on the Dense Urban config. A in calibration phase [1]. It should be noted that there are total Tx. 12 beams (6 horizontal beam and 2 vertical beams) considered in case 2 and only one fixed beam in case 1. When UE attaches to the gNB with analog beam selection, the best beam pair link is selected to receiver and transmission for each UE. The detailed beam direction information of case 1 and 2 can be found in Annex.
The updated evaluation results of average spectral efficiency and 5th percentile user spectral efficiency are showed in Table 1 and 2. Both NR FDD and NR TDD are evaluated. The detailed evaluation assumptions can be found in Annex.

Table 1. DL Spectral Efficiency
	Test Environment
	Antenna configuration
	Average spectral efficinency
 (bps/Hz/TRxP)
	5th percentile user spectral efficiency (bps/Hz)

	
	
	Result
	Req.
	Result
	Req.

	Dense Urban – eMBB Config A
	FDD 
	32Tx/4Rx
	10.6232
	7.8
	0.2414
	0.225

	
	
	4Tx/4Rx
	15.3431
	
	0.3378
	

	
	TDD
	32Tx/4Rx
	15.2403
	
	0.2895
	

	
	
	4Tx/4Rx
	14.4995
	
	0.3618
	








Table 2. UL Spectral Efficiency
	Test Environment
	Antenna configuration
	Average spectral efficinency
 (bps/Hz/TRxP)
	5th percentile user spectral efficiency (bps/Hz)

	
	
	Result
	Req.
	Result
	Req.

	Dense Urban – eMBB Config A
	FDD 
	4Tx/32Rx
	10.6196
	5.4
	0.3815
	0.15

	
	
	4Tx/4Rx
	9.9777
	
	0.2338
	

	
	TDD
	4Tx/32Rx
	9.4917
	
	0.3579
	

	
	
	4Tx/4Rx
	9.6008
	
	0.1712
	



Observation 1: Both FDD and TDD fulfill the minimum average spectral efficiency requirements and 5th percentile user spectral efficiency requirements for Dense Urban-eMBB Configuration A.
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Figure 2. Dense Urban-eMBB Downlink SINR

Figure 2 shows the downlink post SINR for both 4Tx/4Rx and 32Tx/4Rx cases. Comparing the DL SINR of 4Tx/4Rx and 32Tx/4Rx, it can be seen that antanna configuration with multiple beam can effectively increase DL SINR. Thus the result of average spectral efficiency in Table 3 has a better performance. Comparing the DL SINR of TDD and FDD, the SINR of TDD non-PMI based transmission has significant gain especially in 32Tx/4Rx case.
Based on the discussion in section 2, we have the following observations:
Observation 2: The DL SINR of TDD non-PMI based transmission has about 5dB gain than FDD PMI based transmission.
Observation 3: The more digital antenna ports (e.g. 32), the SINR gain of TDD mode will be more significant.

In addition, Table 3 and Table 4 shows the details of number of DL transmission layer and UL transmission layer, respectively.

Table 3. Number of DL transmission layer
	Test Environment
	Antenna configuration
	Layer 1
	Layer 2
	Layer 3
	Layer 4

	Dense Urban – eMBB Config A
	FDD 
	32Tx/4Rx
	12.807 %
	28.421 %
	58.772 %
	0 %

	
	
	4Tx/4Rx
	13.859 %
	39.474 %
	46.667 %
	0 %

	
	TDD
	32Tx/4Rx
	5.964 %
	10.878 %
	81.929 %
	1.229 %

	
	
	4Tx/4Rx
	18.597 %
	45.965 %
	35.438 %
	0 %



Table 4. Number of UL transmission layer
	Test Environment
	Antenna configuration
	Layer 1
	Layer 2
	Layer 3
	Layer 4

	Dense Urban – eMBB Config A
	FDD 
	4Tx/32Rx
	10.351 %
	33.508 %
	56.141 %
	0 %

	
	
	4Tx/4Rx
	24.736 %
	61.755 %
	13.509 %
	0 %

	
	TDD
	4Tx/32Rx
	14.386 %
	35.087 %
	50.527 %
	0 %

	
	
	4Tx/4Rx
	36.666 %
	52.982 %
	10.352 %
	0 %



In NR TDD downlink, more than 81% users use layer 3 and layer 4 that cause the result of average spectral efficiency with antenna configuration 32Tx/4Rx is better than 4Tx/4Rx. Spectral efficiency increase when the percentage of high layer is increasing. It can also be observed in NR FDD UL.
From this perspective, the following observation is obtained.
Observation 4: The rank adaption could have impacts on the performance of spectral efficiency.

Summary
In this contribution, we provide our updated evaluation results for Dense Urban-eMBB Configuration A. We have the following observations:
Observation 1: Both FDD and TDD fulfill the minimum average spectral efficiency requirements and 5th percentile user spectral efficiency requirements for Dense Urban-eMBB Config. A.
Observation 2: The DL SINR of TDD non-codebook based transmission has about 5dB gain than FDD codebook based transmission.
Observation 3: The more digital antenna ports (e.g. 32), the SINR gain of TDD mode will be more significant.
Observation 4: The rank adaption could have impacts on the performance of spectral efficiency.
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Annex
	Dense Urban – eMBB
	Config. A (4 GHz);
4T4R
	Config. A (4 GHz);
32T4R

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

	Numerology
	15kHz SCS

	Bandwdith
	FDD: 10 MHz
TDD: 20 MHz

	Total transmit power per TRxP
	41 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
	4TXRU, (Mp,Np,P,Mg,Ng)= (2,1,2,1,1)
	32TXRU, (Mp,Np,P,Mg,Ng)= (2,8,2,1,1)

	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)
	For direction of TRxP analog beam steering (in LCS):
Zenith angle θj = [105°]

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)

	Power control 
	
	

	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 / TDD

	Slots structure
	TDD : DDDSU

	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
	Realistic channel estimation
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