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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 Rural-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. 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 Evaluation
	Test Environment
	Antenna configuration
	Average spectral efficinency
 (bps/Hz/TRxP)
	5th percentile user spectral efficiency (bps/Hz)

	
	
	Result
	Req.
	Result
	Req.

	Rural-eMBB Config A
	FDD
	8Tx/2Rx
	6.891
	3.3
	0.139
	0.12

	
	TDD
	8Tx/2Rx
	8.661
	
	0.189
	



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

	
	
	Result
	Req.
	Result
	Req.

	Rural-eMBB Config A
	FDD
	2Tx/8Rx
	9.119
	1.6
	0.106
	0.045

	
	TDD
	2Tx/8Rx
	8.509
	
	0.097
	



Observation 1: Both FDD and TDD fulfill the minimum average spectral efficiency requirements and 5th percentile user spectral efficiency requirements for Rural-eMBB Config A.
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Figure 2. Dense Urban-eMBB Downlink SINR
Based on the procedure in section 2, the DL SINR comparison of TDD Non-PMI based transmission and FDD PMI based transmission are presented in Figure 2.
The DL SINR of TDD Non-PMI based transmission is higher than FDD PMI based transmission. The main reason is TDD system can use the channel reciprocity to capture more accurate DL channel information without doing channel quantization. It can also be observed that the result of DL average spectral efficiency in Table 1 has a better performance.
Observation 2: The SINR of TDD Non-PMI based transmission is higher than FDD PMI based transmission.

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

	Rural-eMBB Config A
	FDD
	Tx/Rx
	96.667 %
	3.333 %

	
	TDD
	Tx/Rx
	97.719 %
	2.281 %



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

	Rural-eMBB Config A
	FDD
	Tx/Rx
	96.667 %
	3.333 %

	
	TDD
	Tx/Rx
	99.122 %
	0.878 %




[bookmark: _GoBack]Summary
In this contribution, we provide our updated evaluation results for Rural-eMBB Config. 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 Rural-eMBB Config. A.
Observation 2: The SINR of TDD Non-PMI based transmission is higher than FDD PMI based transmission.


Annex
	Rural – eMBB
	Config A

	Carrier frequency for evaluation
	700 MHz

	Total transmit power per TRxP
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm

	Percentage of high loss and low loss building type
	100% low loss (applies to Channel model B)

	Inter-site distance
	1732 m

	Number of antenna elements per TRxP
	64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization

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

	Number of UE antenna elements 
	2Tx/Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1) , (dH,dV) = (N/A, N/A)λ
0°,90° polarization

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

	Device deployment
	50% indoor, 50% outdoor (in car)
Randomly and uniformly distributed over the area

	UE speeds of interest
	Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;

	Traffic model
	Full buffer

	UE density
	10 UEs per TRxP

	UE antenna height
	1.5 m

	Electronic tilt
	[100°] 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

	Scheduler
	DL: SU PF
UL: SU PF

	Duplexing
	FDD / TDD

	Slots structure
	TDD : DDDSU

	Power control 
	

	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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