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Introduction
In RAN1#88bis, the following agreements were reached [1]:
Agreements:
· At least for full channel reciprocity, support at least the following CSI acquisition scheme based on channel reciprocity in NR 
· Non-PMI feedback
· CSI contains RI and CQI
· CQI depends on RI and PMI which are selected from a codebook (potentially with restriction) but PMI is not fed back.
· FFS UE may also calculate RI and CQI directly with estimated channel, FFS spec impact 
· FFS codebook details, including how to signal
· FFS other schemes (e.g., explicit interference feedback, etc.)
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
· Note: both performance and overhead should be considered when comparing the above schemes

In this contribution, we present additional system simulation results on partial channel reciprocity with SRS Tx antenna switching and discuss possible ways for CSI enhancement for full channel reciprocity.
[bookmark: _Ref178064866]Discussion
CSI feedback for partial channel reciprocity
In case of partial channel reciprocity, the full downlink channel cannot be estimated from the uplink.  The typical scenario is that there are more Rx chains than Tx chains, e.g. 2Rx/1Tx, in the UE. 
Based on the simulation results in [2], we observed that systems with a small or moderate number of antenna ports or TXRUs (i.e. 32 ports and less), there is less need for CSI feedback enhancement to support partial channel reciprocity because Type II codebook based PMI feedback can always be enabled. At high load, the throughput when using PMI based CSI feedback approaches that with full channel reciprocity. 
For systems with large numbers of antenna ports or TXRUs, such as more than 32 ports, there can be large performance losses with partial channel reciprocity. Since codebook based CSI feedback supports only up to  32 ports, it is desirable to have some enhancements for partial channel reciprocity based operation with larger numbers of antenna ports.
Partial channel feedback
One of the approaches proposed is partial channel feedback, in which downlink channels that are not visible in the uplink are fed back to gNB so that gNB can combine the reported channel with the channel estimated from the uplink to reconstruct the full downlink channel.  For a UE with 4Rx/2Tx, let  be the downlink channel measured on the 4Rx, where  is the number of Rx antennas at the gNB,   corresponds to the channel part that can be measured from SRS while  is the channel part that cannot be measured by SRS.  It is possible to provide CSI feedback to represent , but then  and  are not necessarily compatible, e.g. may not have the same reference. Furthermore, if  is fed back explicitly or as an equivalent covariance matrix on each subband in order match the dimensionality of , this could result in large feedback overhead.  The feedback could be especially high for 32 or more ports.
[bookmark: _Toc486160819]Scheme 2 can result in large feedback overhead and may not be practical.
SRS Tx antenna switching
Another potential scheme is to use SRS Tx antenna switching, in which UE switches its Tx antennas for SRS transmission. We have done some system simulation on SRS Tx switching with a 64 port antenna array at the network side and 2Rx/1Tx at the UE side.  The performance is compared with a system with 2Rx/2Tx at the UE side. 2dB to 3dB of insertion losses in the UE Tx switch are also considered. The SRS transmission period is 10ms in case of 2Tx. In case of Tx switching between the 2 Tx antennas, the switching occurs every 5ms, but with the same periodicity of 10ms. Other simulation details are summarized in the Appendix.  The results are shown in  Table 1 below. It can be seen that with 2dB insertion loss in the Tx switch, the performance of SRS Tx switching is only a few percentage points lower than that with full 2Tx SRS.  Even with 3dB insertion loss, there is only -4% mean and -9% cell edge UE throughput loss comparing to full 2Tx SRS. However, when a single Tx antenna is used without SRS switching, there is a 55% mean and 84% cell edge performance loss.  Therefore, SRS Tx switching can potentially provide a very large gain over a single Tx.   
[bookmark: _Ref485375835]Table 1: UE throughput between SRS Tx antenna switching and full channel sounding at 40% RU.
	
	2Tx
	1Tx
	Tx switching with insertion loss

	
	
	
	2dB
	3dB

	Mean user throughput
	0%
	-55%
	-1%
	-4%

	Cell-edge user throughput
	0%
	-84%
	-2%
	-9%



[bookmark: _Toc486160820]SRS Tx antenna switching over two antennas can provide system performance close to full channel sounding with two Tx antennas even with 3dB insertion loss in the Tx switch.
[bookmark: _Toc485247325][bookmark: _Toc485247348][bookmark: _Toc485383753][bookmark: _Toc485408970][bookmark: _Toc485409428][bookmark: _Toc485421174][bookmark: _Toc486160169][bookmark: _Toc486160822]Support of intra-carrier SRS Tx antenna switching, unless it is found to be infeasible for NR UEs.
CSI feedback for full channel reciprocity
It was agreed in RAN1#88bis that non-PMI feedback will be supported for full channel reciprocity in NR in which RI, PMI and CQI are calculated at a UE based on a codebook, but only RI and CQI are reported.   This assumes that the full downlink channel can be obtained from uplink sounding due to channel reciprocity while the feedback provides information about noise and interference as well as taking receiver algorithms into account when calculating CQI 
In a typical use case for full channel reciprocity, the gNB thus attains a channel estimate based on the UL sounding and derives a precoder  based on the channel estimate, for instance, an SVD can be performed on  and the precoder is constructed by the right-singular vectors . As the gNB is not aware of the interference level at the UE, it cannot itself select the optimal rank of the precoder, e.g. how many right-singular vectors shall be included. To achieve proper rank selection and link adaptation, the gNB could transmit a  beamformed CSI-RS which is precoded with . In this case, the precoding of CSI-RS would correspond to an intended precoding of the DMRS in the subsequent PDSCH transmission, and the UE could calculate an appropriate RI and CQI, given that the assumption of the codebook to use is simply columns from an identity matrix. That is, a dummy codebook is defined, where each rank only has a single codeword, which contains the first  columns of an identity matrix. In this case, there is no mismatch between what precoding is assumed for CSI calculation and what precoding is used for PDSCH transmission (assuming the gNB applies the same precoding for PDSCH as for CSI-RS, but that is up to gNB implementation). Further, the UE does not need to perform a codebook search which reduces UE complexity.  
[bookmark: _Toc485383754][bookmark: _Toc485408971][bookmark: _Toc485409429][bookmark: _Toc485421175][bookmark: _Toc486160170][bookmark: _Toc486160823]For non-PMI feedback, the UE shall assume a codebook for RI and CQI determination where for each rank, , the codebook contains only one precoder which is the first  columns of an identity matrix.
Thus, we propose that the non-PMI feedback mode in NR is different from the non-PMI feedback in LTE Rel-13, where the Class A codebook is assumed when deriving CQI and RI. In our view, it does not make sense to rely on such a mechanism for non-PMI feedback in a full reciprocity scenario, as the gNB then has to transmit non-precoded CSI-RS with many antenna ports, which is not used in the end for precoder determination. This is quite wasteful, and a key principle of very large TDD MIMO systems when full reciprocity can be assumed is to transmit reference signals for CSI acquisition in the UL rather than the DL, to reduce the RS overhead. Further, there can be a mismatch between the PMI used for calculating the CQI and the actual precoder used for PDSCH transmission in this case. The impact can be large or small depending on whether the channel estimated in the uplink is close to the channel estimated in the downlink and the methods in precoder selection in the eNB and the UE.   
An alternative approach to non-PMI feedback is to rely on explicit interference feedback from the UE, for instance by feeding back an interference covariance matrix, however it is unclear how it can be done in an efficient way. Furthermore, MU-MIMO interference can be determined from channel estimates the gNB already has from reciprocity, limiting the benefit of interference feedback to that which can be obtained from better inter-cell interference knowledge.  Also, the CQI derived by the gNB does not reflect the UE receiver capability and thus there can a mismatch in CQI. Another way to reduce the impact may be that in addition to RI and CQI, a wideband PMI is also reported occasionally so that it can be used by the gNB to evaluate the amount of mismatch.  
[bookmark: _Toc486160821]Benefits of explicit interference feedback are unclear.

Conclusions
In this contribution we made the following observations:
Observation 1	Scheme 2 can result in large feedback overhead and may not be practical.
Observation 2	SRS Tx antenna switching over two antennas can provide system performance close to full channel sounding with two Tx antennas even with 3dB insertion loss in the Tx switch.
Observation 3	Benefits of explicit interference feedback are unclear.
Based on the discussion in this contribution we propose the following:
Proposal 1	Support of intra-carrier SRS Tx antenna switching, unless it is found to be infeasible for NR UEs.
Proposal 2	For non-PMI feedback, the UE shall assume a codebook for RI and CQI determination where for each rank, , the codebook contains only one precoder which is the first  columns of an identity matrix.
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Appendix
	Simulation parameters

	Carrier frequency
	[bookmark: _GoBack]2 GHz, TDD, Config 2

	Bandwidth
	10 MHz 

	Scenarios
	3D UMa 500m ISD

	Antenna Configurations
	64 ports: (M,N,P) = (4,8,2)

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Cell layout
	27 sectors 

	Wrapping
	Radio distance based

	eNB Tx power 
	46 dBm (UMa)

	UE Rx antenna
	 2 Rx, cross polarized

	UE Tx antenna
	 2Tx in full channel sounding
 1Tx in single Tx 
 2Tx with SRS Tx switching between the 2Tx antennas

	UE receiver
	MMSE-IRC

	SRS periodicity
	10 ms for 2Tx full channel sounding and 5m for SRS TX switching

	SRS Tx switch insertion loss
	 2dB, 3dB

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	Traffic model
	FTP Model 1, 100 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	HARQ
	Max 5 retransmissions

	Handover margin
	3 dB
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