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1 Introduction

In RAN1#88b[1] and RAN1#90 [2], the following agreements were made for partial reciprocity based CSI acquisition mechanism:

	Agreements:
· 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
Agreements:
· Support antenna switching for SRS transmission within a carrier for the following UE antenna configuration:

· UE configured with 2Tx (transmit antenna ports)

· UE configured with 1Tx (transmit antenna ports)

· Note: 1Tx and 2Tx is dependent on UE’s capability for SRS transmission

· FFS: details




In this contribution, we provide our views on SRS antenna switching and further evaluation and consideration on Scheme 2-3. 
2 Discussion on SRS antenna switching for channel with partial reciprocity
In RAN1#90 [2], it was agreed to support antenna switching for SRS transmission within a carrier for UE with 1Tx and 2Tx. However, the detailed design is not determined. In LTE, 1Tx(2 ports antenna switching for SRS was supported for 1T2R UE. In the case of 4Rx at UE side in NR, if the UE side only has 1Tx, antenna switching for SRS transmission with 1Tx(4 ports should be applied, if the UE side has 2Tx, antenna switching for SRS transmission with 2Tx(4 ports should be applied. 

For 2T4R UE, it can use 2 antennas for SRS transmission simultaneously, and these 2 antennas compose an antenna group. Therefore, the SRS transmission with 2Tx SRS antenna switching for 4Rx becomes switching among antenna groups, e.g., among 2 antenna groups. Hence, we propose to follow the design in LTE for SRS antenna switching. For the case that frequency hopping is disabled, the antenna group index for SRS transmission
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  counts the number of UE-specific SRS transmission.
For the case that frequency hopping is enabled, the index 
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where 
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is the minimum needed number of SRS transmissions to cover the whole configured bandwidth for SRS, and the antennas in a group have the capability to transmit SRS simultaneously. The association between antenna group and antenna is given in Table 1.
Table 1 The association between antenna group and antenna

	Antenna group index
	Antenna index

	Antenna group 
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	Antenna group 
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	{2, 3}


An example for 2Tx(4 ports antenna switching is given in Table 2 based on the proposed scheme in (1) and (2), where K is assumed to be 2. Antenna group 0 is composed by antenna {0, 1} and antenna group 1 is composed by antenna {2, 3} based on Table 1. It can be found that the scheme above is just re-using the antenna switching method in LTE for 1T2R, therefore basic design principle of SRS antenna switching can be generated. 

Table 2 An example of SRS hopping with K=2
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	First part of  SRS bandwidth
	Second part of  SRS bandwidth

	0
	Antenna group 
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Antenna indexes {0,1}
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	Antenna group 
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Antenna indexes {2,3}

	2
	Antenna group 
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	Antenna group 
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Additionally, for UE with only 1 Tx antenna and 4 Rx antennas, 1Tx(4 ports antenna switching should be supported. A detailed design of 1Tx(4 ports antenna switching can be found in [4].
Proposal 1: For 2TX(4 ports antenna switching for SRS transmission, adopt LTE-like antenna switching scheme, i.e., equation (1) , (2) and Table 1, with the 2Tx in an antenna group.
3 Discussion on partial CSI feedback for gNB to acquire full CSI
SRS antenna switching can assist gNB to acquire full dimensional un-quantized downlink CSI. It can be very beneficial for power-unlimited UE and small bandwidth. Promising performance enhancements are shown in [4]. 
However, large bandwidth in TDD system and power-limited UE should also be taken into account. For power-limited UE, and the SRS frequency hopping bandwidth need to be small (e.g., 8 RB) to guarantee a decent CSI estimation accuracy. If the TDD network has a large bandwidth or UE has the ability to access a large bandwidth part (e.g., 50MHz, 100MHz), a long period of time may be needed for all antennas to be switched. The long latency for SRS antenna switching can bring outdated CSI and thus compromise the system performance.
Thus, scheme 2 - partial CSI feedback scheme is proposed in this section, as a complementary CSI feedback scheme for TDD system with partial channel reciprocity.
3.1 Partial CSI feedback scheme
Partial CSI feedback 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. It is noted that this partial PMI can be based on NR Type II codebook, with eigenvalues being reported as well. Besides the partial PMI, UE should also report RI/CQI, which should be calculated based on the CSI-RS in the second step. A diagram to show this mechanism is shown in Fig. 2. 
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Figure 2 Scheme 2 procedure for exemplary

There were some concerns in the last meeting that the partial UL channel from SRS measurement and the quantized partial DL channel from UE reporting have different resolution, and this resolution asymmetry may have impact on system performance. To ease this concern, 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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 and 
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 with comparable resolution. Thus the resolution asymmetry will have little impact. 
Observation 1: Compared to high-resolution feedback, such as type-II feedback, the feedback overhead can be saved in the proposed partial CSI feedback scheme.

3.2 Potential scheme on overhead reduction
In the above scheme of partial CSI reporting, the un-reciprocal channel states are always reported. However, it may not always be efficient. For instance, UE has 2 Tx ports 4 Rx ports. UE has to report channel states corresponding to 2 Rx antenna ports, e.g., 2 Nt×1 vectors per subband if reporting channel response. However, when RI=1, actually reporting one Nt×1 eigenvector of full DL channel is sufficient and more efficient. Hence the reporting efficiency has the room for improvement for this scheme. We propose to consider the following two alternatives

· Alt1: no partial PMI reporting for low ranks

· Alt2: reports eigenvector of full channel for low ranks, i.e., apply Scheme 3 to be discussion for low ranks

In Alt1, when rank is low, the channel between Rx ports can be treated highly correlated. Thus channel obtained by SRS maybe sufficient to capture most special properties. Reporting partial CSI bring trivial gain but at the cost of uplink overhead.

In Alt2, eigenvector of the full downlink channel is reported for low ranks, and partial PMI is reported for high ranks. The threshold of low/high rank is defined as the difference between number of Rx ports and the number of Tx ports, This scheme is illustrated in Figure 3 for exemplary.
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Figure 3 Combining usage of Scheme 2 and 3

Both alternatives can work efficiently. Our concern on Alt1 is that low rank is not always in the channel with high correlation but also in low SNR case. Hence no CSI reporting may potentially lead to performance degradation, especially for cell edge UEs. Therefore, Alt2-reports eigenvector of full channel in low rank is more preferred.

Proposal 2: Support Scheme 2 as a complementary CSI feedback scheme for NR TDD in addition to antenna switching.
3.3 Simulation results

Performance gain of combining scheme 2 and 3 in Figure 3 over the non-PMI scheme is provided, and is labeled as “partial PMI” in Figure 4. Each UE has one Tx port and two Rx ports. For PMI reporting, subband amplitude quantization with 2 bits and 8PSK for subband phase quantization are used. Other simulation parameters are listed in the appendix.
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Figure 4 Performance of partial PMI scheme over non-PMI scheme
From Figure 4, we have the following observation:

Observation 2: The partial PMI scheme achieves ~34% gain and ~54% gain over non-PMI for average UPT and 5% UPT, respectively. 
Specifically, for cell-center UE, high rank transmission is highly possible, and thus these UEs mainly perform scheme 2. Based on the simulation results, for these UEs, the partial PMI can bring a substantial ~26% gain owing to the scheme 2.
4 Conclusions
Based the discussions above, we have the following observations and proposals:
Observation 1: Compared to high-resolution feedback, such as type-II feedback, the feedback overhead can be saved in the proposed partial CSI feedback scheme.

Observation 2: The partial PMI scheme achieves ~34% gain and ~54% gain over non-PMI for average UPT and 5% UPT, respectively.
Proposal 1: For 2TX(4 ports antenna switching for SRS transmission, adopt LTE-like antenna switching scheme, i.e., equation (1) , (2) and Table 1, with the 2Tx in an antenna group.
Proposal 2: Support Scheme 2 as a complementary CSI feedback scheme for NR TDD in addition to antenna switching.
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Appendix 
	Parameters
	Values

	Duplex mode 
	TDD

	Inter-BS distance 
	200m

	Carrier frequency 
	4GHz

	Simulation bandwidth
	10MHz, 50MHz

	Channel model
	UMi

	BS Tx power 
	41dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8, 4, 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/2500KB 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
	24 PRB

	SRS hopping interval 
	Hopping in each subframe, i.e.,1 ms
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