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1 Introduction

At RAN1 NR 88bis meeting [1], it was agreed that:

· For the case of non-ideal channel reciprocity (e.g., less Tx ports than Rx ports at UE), study and evaluate at least the following candidate schemes

· Scheme 1 (Baseline for performance comparison): Non-PMI feedback

· Each company states the assumed scheme for non-PMI feedback

· Scheme 2: Partial CSI feedback for gNB to acquire full CSI 

· Partial CSI is the information of the partial DL channel (e.g. partial DL channel vector/matrix or partial DL channel covariance matrix) with no reciprocal UL transmission due to the absence of Tx ports corresponding to the Rx ports at UE

· Scheme 3: CSI feedback with non-precoded/beamformed CSI-RS including CQI, RI and PMI

· For beamformed CSI-RS, precoding matrix is determined from CSI available at base station from SRS transmission

· PMI could be for a linear combination codebook

· Scheme 4: SRS switching

· SRS switching is used to obtain full channel information by multiple SRS transmission instants. Non-PMI CSI feedback can be used along with SRS switching

· Taking into account practical impairments in implementation (e.g., PLL accuracy, insertion loss, power imbalance, etc.)

· Scheme 5: Non-uniform beam sampling on codebook

· Configure different spatial resolutions in different spatial domain by CSR

· Combination of the above schemes can be considered

· Note: both performance and overhead should be considered when comparing the above schemes

In the last meeting, we present our view on Scheme 1-4 in [2] when partial channel reciprocity (less Tx ports than Rx ports at UE) in TDD is considered. In this contribution, we further evaluate the performance of Scheme 2-3, and analyze Scheme 4. 
2 Discussion on CSI feedback scheme for channel with partial reciprocity
2.1 Scheme 1: Non-PMI feedback scheme

In [2], the mechanism of Scheme 1 was introduced, and we briefly discuss it here again for convenience. In this scheme, the precoder for PDSCH is determined by gNB from SRS measurement. This precoder is also applied to CSI RS to form beamformed CSI RS, based on which UE can determine RI and CQI. Although this scheme has the advantage of greatly reduced CSI feedback overhead, the precoder based on the SRS can severely mismatches with the real precoder based on the full DL channel, especially for high rank UE. Therefore, severe performance loss can be expected from this non-PMI feedback scheme. Therefore, Scheme 1 cannot guarantee performance for TDD system with partial channel reciprocity.
Observation 1: non-PMI feedback scheme suffers from severe performance loss, especially for high rank UE.
2.2 Scheme 2: Partial CSI feedback for gNB to acquire full CSI
Scheme 2 aims to aid gNB to acquire full DL CSI with reduced feedback overhead. The procedure of this scheme includes

· UE transmits SRS 

· eNB transmits non-precoded/beamformed CSI RS 
· UE feedback partial CSI (using type II codebook), RI and CQI
Specifically, UE first transmits SRS from the antenna ports equipped with PA, and gNB acquire partial UL channel. To acquire full DL CSI, gNB further transmits non-precoded/beamformed CSI RS, so that UE can obtain the full DL channel. When reporting PMI, UE only reports PMI related to the remaining unknown DL channel with only Rx ports but without reciprocal Tx ports. This reported “partial PMI” can be combined with partial UL channel measured at gNB, so that gNB can acquire a full PMI that matches the full DL channel. In this way, performance of PDSCH transmission can be greatly enhanced compared with Scheme 1. 
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Figure 1 Procedure of partial CSI feedback scheme for exemplary
Taking a UE with 1 Tx port and 2 Rx ports as an example. Let 
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 represent the full DL channel to the 2 Rx ports at UE, where 
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 is the DL channel that can be obtained at gNB based on SRS measurement. Since 
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 is already available at gNB, UE only needs to report PMI associated with 
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 based on CSI RS measurement. A diagram to show this mechanism is shown in Fig. 2. 
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Figure 2 Scheme 2 procedure for exemplary
It should be noted that the high resolution Type II codebook can be used for the partial PMI feedback. Hence, gNB can acquire 
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 with comparable resolution. Thus the resolution asymmetry will have little impact. 
Observation 2: Partial CSI feedback scheme will bring performance enhancement compared to the non-PMI feedback scheme.
2.3 Scheme 3: CSI feedback with non-precoded/beamformed CSI-RS including RI/PMI/CQI
In this scheme, how to adopt SRS channel is left for gNB implementation. One solution that can be easily thought about is that gNB estimates the coarse beam vectors based on this SRS, and applies these beam vectors on CSI-RS. Because channel on SRS in not full dimension, the beam should be wider enough in order to cover those uncertain channel paths.  
In this scheme, RI/PMI/CQI is always reported by UE. In fact, it is a CSI feedback scheme initially designed for FDD system where no channel reciprocity is assumed. 
2.4 Scheme 4: SRS switching 

In this scheme, UE transmits SRS from different antenna sets in different OFDM symbols or different slots. Since the maximal DMRS port number for a UE can be as large as 8 ports in NR, and UE may support less simultaneously transmitted UL ports due to the less PA, SRS antenna switching can be used to obtain full non-quantized DL channel matrix. For UE whose transmit power is not limited, this method can help gNB determine the precoder for PDSCH accurately.
As an example, gNB needs to measure the channel from N antenna ports of UE, and the UE can only transmit SRS on maximal M antenna ports simultaneously. For the case that N>M, SRS antenna switching is necessary. In LTE, only (N, M) = (2, 1) is supported. In NR, the maximum simultaneous SRS ports of each UE may be different, in order to support flexible DL transmission with more than two ports based on reciprocal channel measurement, multiple (N, M) values need to be considered. In particular, to guarantee the performance of high-order SU-MIMO, it is preferred to support reciprocal channel measurement for larger N in NR. Thus, at least N=4 and N=8 should be supported in NR. Additionally, for UE with higher UL capability, M=2 or 4 may also be necessary. 
In Figure 1, we provide the performance evaluation of the 4TX switching SRS transmission with insertion loss in the FTP traffic model, where the baseline is 1TX SRS transmission scheme. For all the cases in the simulation (i.e., 1TX, 2Tx switching and 4Tx switching), 1T4R is assumed at UE side. In the simulation, burst buffer traffic with FTP1 model is assumed, where the arrival rate is set to lambda=4.0, corresponding to medium traffic load. Other detailed simulation assumptions can be found in Appendix. Moreover, the impact of time delay and insertion loss is both considered. In the simulation, we assume the insertion loss is 0 dB for the baseline with 1TX, and 0.5dB~1.5dB for the 2TX and 4TX switching. The periodicity for the 2TX and 4TX switching is assumed as 10ms and 20ms, respectively. 

As illustrated in Figure 1, it shows that 4TX switching SRS transmission can obtain 35% cell average gain over 1TX, and 23% cell average gain over 2TX switching. For performance gain for cell edge, 46%~59% gain over 1TX and 34%~46% gain over 2TX switching can be obtained with different insertion loss assumption. Due to the performance gain in the simulation results, we propose to support at least 4Tx SRS antenna switching.
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Figure 1 Performance gain for SRS antenna switching by UE with 4 Rx.

Observation 3: In FTP traffic model, with different insertion loss assumption, the SRS switching transmission can obtain significant performance gain compared to the 1TX SRS transmission.
Based on the above analysis of Scheme 1-4, we have the following proposals:

Proposal: Support transmission antenna switching for the SRS among at least 4 TX antennas if the UE cannot sound on all antennas at the same time.
3 Conclusions
Observation 1: non-PMI feedback scheme suffers from severe performance loss, especially for high rank UE.

Observation 2: Partial CSI feedback scheme will bring performance enhancement compared to the non-PMI feedback scheme.
Observation 3: In FTP traffic model, with different insertion loss assumption, the SRS switching transmission can obtain significant performance gain compared to the 1TX SRS transmission.
Proposal: Support transmission antenna switching for the SRS among at least 4 TX antennas if the UE cannot sound on all antennas at the same time.
In addition, Partial CSI feedback scheme can be further considered for power-limited scenarios.
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Appendix 
	Parameters
	Values

	Duplex mode 
	TDD

	Inter-BS distance 
	200m

	Carrier frequency 
	4GHz

	Simulation bandwidth
	10MHz

	Channel model
	UMi

	BS Tx power 
	41dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1); (dH,dV) = (0.8, 0.5)λ

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (2, 4, 2, 1, 1)

	UE antenna configurations 
	2Rx, Cross-polarized with 0, 90deg

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Non-Full buffer, FTP model 1, 500KB packet size

	UE distribution
	80% Indoor, 3km/h, 

20% Outdoor, 30km/h

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	MIMO mode
	MU-MIMO with rank adaptation, max rank =2

	SRS hopping bandwidth
	4 PRB

	SRS hopping period 
	1 ms
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