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Introduction
In RAN1#88b, the following agreements were reached:
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
· Simulation parameters are provided on slide 4 of R1-1706809 with the following update
· Adding “2Tx2Rx” to “UE antenna configuration”
· Change “2GHz” to “4GHz” in “Carrier frequency”
· Companies describe the assumed UL-DL calibration model, striving for a common model
· Companies are encouraged to provide the simulation results in next meeting

In this contribution, we present some system simulation results on partial channel reciprocity and discuss some of the schemes.
[bookmark: _Ref178064866]Discussion
CSI feedback for partial channel reciprocity
In case of partial channel reciprocity, 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, at the UE side.  We have done some investigation on possible performance degradations under UMi.  First we looked at a TDD system with 4 columns of cross-polarized antennas at the eNB.  There are 8 TXRUs (8T8R), i.e. one TXRU per antenna.  Ideal calibration at gNB and UE was assumed, as well as lossless UE Tx switching, and so gains of reciprocity are optimistic in that sense.  We compared the system performance under three scenarios, i.e.
A. a UE with 2Rx/1Tx, 1Tx SRS is used for partial DL channel estimation 
B. a UE with 2Rx/2Tx, 2Tx SRS is used for full DL channel estimation
C. a UE with 2Rx/1Tx, with codebook based RI/PMI/CQI feedback.
The results are shown in Table 1. It can be seen that with 1Tx SRS, the average DL UE throughput is degraded by 20% at low load (i.e. 20% of RU) and 13% at higher load (50% of RU). This makes sense, since as load increases, users would typically have lower SINR and thus more rank 1 transmissions are likely at higher loads.  Thus with more users with rank 1 transmission, the performance gap between 1Tx SRS and 2Tx SRS gets smaller.  With codebook based PMI feedback, the DL performance is somewhat in between 1Tx and 2Tx SRS. At 50% of RU, only 3% performance loss is seen with PMI feedback compared to 2Tx SRS.
[bookmark: _Toc481784537]In a system with 8T8R, the mean UE throughput is better with 2Tx SRS than 1Tx SRS, the difference gets smaller as the load increases
[bookmark: _Toc481784538]In a system with 8T8R, the performance of PMI based channel feedback is somewhere between 1Tx and 2Tx SRS. It is very close to 2Tx SRS at high load.
[bookmark: _Ref481699617]Table 1: System performance comparison for 2Tx SRS vs. 1Tx SRS and PMI feedback with 8T8R.
	
	 Baseline RU
	8T8R with 2Tx SRS (baseline)
	8T8R with 1Tx SRS
	8T8R with PMI feedback

	Mean user throughput
	20 %
	0%
	-20%
	-11%

	
	50 %
	0%
	-13%
	-3%



We have also investigated the performance in a system with 64T64R (i.e. 4 rows by 8 columns array with cross polarized antenna elements, one TXRU per element) and UEs with 2Rx/1Tx and 2Rx/2Tx.  The results are shown in Table 2.  It can be seen that there is a mean throughput degradation of -22% to -30% with 1Tx SRS comparing to 2Tx SRS.  
[bookmark: _Toc481784539]In a system with 64T64R, the mean UE throughput loss by 1Tx vs. 2Tx SRS is about 20% to 30%.  
[bookmark: _Ref481702875] Table 2: System performance comparison: 2Tx SRS vs. 1Tx SRS with 64T64R.
	
	 Baseline RU
	64T64R with 2Tx SRS (baseline)
	64T64R with 1Tx SRS

	Mean user throughput
	 20 %
	0%
	-22%

	
	 50%
	0%
	-28%



Based on the above observations, in systems with a small or moderate number of antenna ports or TXRUs, there is less need for CSI feedback to support partial channel reciprocity because codebook based PMI feedback can always be enabled if there is a concern of performance degradation. At high load, the PMI based approach approaches that with full channel reciprocity. 
[bookmark: _Toc481784540]For system with small number of antenna ports or TXRUs, there is less need for CSI feedback enhancement for reciprocity based operation.
For systems with large numbers of antenna ports or TXRUs, such as more than 32 ports, there can be large performance loss with partial channel reciprocity. Since only 32 ports is agreed for codebook based CSI feedback due to concerns on CSI-RS resource overhead and feedback overhead, it seems desirable to introduce some mechanism to enhance partial channel reciprocity based operation with large numbers of antenna ports.
[bookmark: _Toc481784541]For system with large numbers of antenna ports or TXRUs, it is desirable to have some mechanism to enhance partial channel reciprocity based operation.
Four schemes are listed in the chairman’s notes [1] for partial channel reciprocity.  In scheme 2, parts of 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.  Scheme 2 requires the UE to feedback  explicitly or an equivalent covariance matrix on each subband. At this point it is hard to differentiate between partial reciprocity and Type II CSI feedback.  For small numbers of antenna port, it may be better to use Type I or II PMI feedback instead. Thus the practical usefulness is questionable. 
[bookmark: _Toc481784542]Scheme 2 can result in large feedback overhead and may not be practical.
[bookmark: _Toc481705834][bookmark: _Toc481706861][bookmark: _Toc481784545]Partial channel feedback is not supported in NR for reciprocity operation.
In scheme 3, the gNB either precodes CSI-RS by using the partial channel knowledge obtained in the uplink or sends non-precoded CSI-RS for UE to feedback RI/PMI/CQI. Our understanding is that it can be done transparently to the standard and our understanding is that there is no specification change required.
Another scheme, scheme 4, is to use SRS Tx switching, in which UE switches its Tx antennas for SRS transmission.  The possible issues with this scheme includes insertion loss in Tx switches, transient impact, channel/carrier phase change over time, etc. These issues need to be investigated further.  But aside from the issues, it seems to be a useful way to get long term channel information for the full channel.
[bookmark: _Toc481784543]Intra-carrier SRS Tx switching may have some potential and may be further investigated.
[bookmark: _Toc481705835][bookmark: _Toc481706862][bookmark: _Toc481784546]Study antenna intra-carrier switching for SRS for UEs with more Rx chains than Tx chains.
CSI feedback for full channel reciprocity
It was agreed 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 is similar to Class A non-PMI feedback in LTE FD-MIMO.  It is assumed that the full downlink channel can be obtained from uplink sounding due to channel reciprocity while the feedback provides information about noise and interference.  
The question is whether both Type I and Type II codebooks should be supported.  Since Type I codebook is targetted to SU-MIMO and Type II is for MU-MIMO, it may be logical to support both types of codebooks. On the other hand, Type II is mainly for better PMI feedback, and the difference between CQIs for Type I and Type II is likely small. So to simplify UE complexity, only Type I based non-PMI feedback may be supported.
In some cases, the gNB may precode CSI-RS with precoders obtained from uplink SRS and requests a CSI feedback based on the precoded CSI-RS. In this case, a different codebook may be used for CQI calculation such as a port selection and combining codebook. So for flexibility, the codebook can be indicated as part of the reporting setting used for the feedback.
With Non-PMI feedback, there can be a mismatch between the PMI used for calculating the CQI and the actual precoder used for PDSCH transmission. 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.   Explicit interference feedback may be used to avoid the possible precoder mismatch, 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 occationally so that it can be used by the gNB to evaluate the amount of mismatch.  
[bookmark: _Toc481784544]For possible PMI mismatch in non-PMI feedback, gNB can always trigger a full PMI feedback to assess the significance of such mismatch.
[bookmark: _Toc481705836][bookmark: _Toc481706863][bookmark: _Toc481784547]Possible PMI mismatch in non-PMI feedback is handled by gNB implementation.
Conclusions
In this contribution we made the following observations:
Observation 1	In a system with 8T8R, the mean UE throughput is better with 2Tx SRS than 1Tx SRS, the difference gets smaller as the load increases
Observation 2	In a system with 8T8R, the performance of PMI based channel feedback is somewhere between 1Tx and 2Tx SRS. It is very close to 2Tx SRS at high load.
Observation 3	In a system with 64T64R, the mean UE throughput loss by 1Tx vs. 2Tx SRS is about -20% to -30%.
Observation 4	For system with small number of antenna ports or TXRUs, there is less need for CSI feedback enhancement for reciprocity based operation.
Observation 5	For system with large numbers of antenna ports or TXRUs, it is desirable to have some mechanism to enhance partial channel reciprocity based operation.
Observation 6	Scheme 2 can result in large feedback overhead and may not be practical.
Observation 7	Intra-carrier SRS Tx switching may have some potential and may be further investigated.
Observation 8	For possible PMI mismatch in non-PMI feedback, gNB can always trigger a full PMI feedback to assess the significance of such mismatch.
Based on the discussion in this contribution we propose the following:
Proposal 1	Partial channel feedback is not supported in NR for reciprocity operation.
Proposal 2	Study antenna intra-carrier switching for SRS for UEs with more Rx chains than Tx chains.
Proposal 3	Possible PMI mismatch in non-PMI feedback is handled by gNB implementation.
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[bookmark: _Ref481411730]Chairman’s note, RAN1#88bis.
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