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Introduction
In RAN1 #88, a WF on reciprocity based CSI acquisition [1] was discussed.  Some agreements are as follows [2].
· Study the following DL CSI feedback, 
· For full channel reciprocity 
· Explicit interference feedback: e.g., Interference covariance matrix, diagonal elements of interference covariance matrix
· Implicit interference feedback: e.g., Interference PMI feedback
· Explicit channel feedback: e.g., CSI of multiple TRPs
· For partial channel reciprocity (e.g., more Rx ports than Tx ports at UE)
· Partial CSI feedback for eNB to acquire full CSI 
· Non-PMI feedback
· CSI contains RI and CQI
· FFS how RI and CQI are derived
· E.g., RI and CQI depend on a PMI which is selected from a defined codebook or a configured codebook subset
· UE may also calculate RI and CQI directly with estimated channel without assuming PMI from any predefined codebook, FFS spec impact
· Study whether or not to support CSI-RS and SRS transmission in the same slot (e.g., for fast CSI acquisition)
· Study if a limitation on the number of SRS and/or CSI-RS ports due to UE complexity, slot duration of different numerology are needed.
In this contribution, we share our views on DL CSI feedback for reciprocity based operation.
Discussion
CSI feedback for full channel reciprocity
In order to enable DL channel-dependent scheduling, both the channel information and the interference information are needed by the network.  The channel information can be obtained from UL channel estimation with proper reciprocity calibration.  The acquiring of interference information still need UE’s assistance.  First, the interference information need to be provided by UE.  The gNB can perform DL UE pairing and MU precoding based on the UL channel estimation and the interference information.  But the MCS for each PDSCH assignment cannot be reliably determined at the gNB purely based on the channel information and interference information.  This is because the gNB has no knowledge of the UE receiver processing capability.  For example, under the same channel condition, a UE with advanced receiver may support a higher MCS than a UE with a MMSE receiver.  So, besides the explicit/implicit interference feedback, a UE still need to report CQI to the gNB based on some CSI-RS.
Observation 1: For full channel reciprocity, CQI feedback is needed to capture the UE receiver processing capability.
For explicit interference feedback, a UE may need to report interference covariance matrix or the diagonal elements of interference covariance matrix to the gNB.  The interference covariance matrix can be quite different across the whole system bandwidth if subband scheduling and precoding is enabled in neighbouring cells.  The interference covariance matrix or its diagonal elements need to be reported per subband.  One needs use either vector quantization or scalar quantization to compress the subband interference covariance matrix, depending on its dimension and rank.  There is a tradeoff between the quantization resolution and the DL performance benefit.  A coarse interference covariance feedback may provide no gain in terms of DL performance.  A high-resolution quantization may lead to an increase in feedback overhead.  Unfortunately, such sensitivity study is not available.  Before agree to support explicit interference feedback, we need to understand the impact of quantization error on the DL performance.  
Observation 2: The performance and feedback overhead tradeoff with explicit interference covariance matrix feedback is unclear.
Instead of explicit feedback, interference information can be implicitly provided to the gNB.  One option is to report interference PMI.  The interference PMI is usually selected from a codebook.  For large codebooks, there could be many interference PMI hypotheses.  The UE needs to test all hypotheses one by one.  This may increase the UE complexity.  
Observation 3: Interference PMI feedback overhead doesn’t scale well for large PMI codebooks.
Another option, as discussed in [3], is to embed the interference information into the UL SRS.  The UE can use the interference whitening matrix as the SRS precoding matrix.  The gNB can thus obtain the whitened DL channel from UL sounding directly, without any explicit interference feedback.  As shown in [3], the whitened-SRS can provide almost the same performance as explicit interference covariance matrix feedback.
Observation 4: Explicit interference feedback can be avoided if pre-whitened SRS is used.
Proposal 1: Explicit interference feedback is not supported in NR.
CSI feedback for partial channel reciprocity
In real world scenario, some UEs may have asymmetric TX/RX chains, i.e., a UE may have NRX receiving antennas, but only NTX TX chains, where NTX < NRX.  For example, a UE may have 4 RX chains, but only 2 TX chains.  In the UL, the UE can only transmit a 2-port SRS from 2 out of 4 antennas.  In the DL, a UE could support a rank-4 transmission if the gNB is equipped with no less than 4 antennas.  However, in case of reciprocity based DL transmission, the gNB relies on the UL channel estimation to determine the DL precoding matrix.  Due to the limited number of TX chains, the gNB can only observe a partial DL channel with 2 receive antennas.  The lack of full channel information via reciprocity prevents the gNB to transmit more than 2 layers to the UE.
One solution to address this issue is to allow SRS TX switching, i.e., the UE can be configured to sound from different antennas in a TDM manner by introducing one or multiple RF switches.  As discussed in [3], TX switching SRS transmission could be useful for UEs with asymmetric TX/RX chains, but impacts related to this feature, e.g., performance penalty due to insertion loss, need to be studied.  
Proposal 2: Study impact related to TX switching SRS transmission for UEs with asymmetric TX/RX chains.
In [4] another solution was proposed.  The idea is to feedback some “differential CSI” and the gNB can reconstruct the full CSI based on partial UL sounding and this “differential CSI.”  Unfortunately, what exactly the “differential CSI” is and how the full channel can be “reconstructed” are missing in [4].  It’s worth noting that the location of UE antennas can be heavily depend on the UE form factor.  For below 6GHz, the correlation between UE antennas can be very low due to rich scattering.  For handheld UEs, hand holding could impact the antenna correlation and receive SINR.  This could make “differential CSI” feedback more challenging.
Observation 5: The definition of “differential CSI” and how to construct full CSI based on “differential CSI” feedback is unclear.  
Non-PMI feedback
When channel reciprocity is available, the gNB can obtain the DL precoding matrix based on UL sounding.  So, PMI feedback may be omitted in the UE CSI feedback.  As discussed in Section 2.1, a UE still need to feedback CQI (and RI, if needed) to the gNB for DL link adaptation.  Essentially, a CQI report provides the gNB which data rate can be supported by the link under certain conditions.  The CQI is derived by the UE assuming certain reference transmission scheme, precoding matrix, transmission rank, resource utilization, etc.  It is important that the gNB is aware of the conditions under which the reported CQI is derived.  
In LTE, an eNB can configure a codebook subset restriction to a UE.  The UE can derive the CQI and RI based on the restricted codebook subset.  Thus, the eNB can control which precoding matrix can be used for CQI derivation.  In NR, a same mechanism can be reused.
Pre-scheduled CSI-RS provides another way to derive the non-PMI feedback.  When channel reciprocity is available, the gNB can pre-schedule a set of UEs based on the UL sounding.  The pre-scheduling includes MU pairing and MU precoding.  The gNB can transmit aperiodic beamformed CSI-RS for each UE using its own precoding matrix.  The UE can derive CQI by applying an identity matrix on the beamformed CSI-RS ports.  Since the identity matrix is used for CQI computation, the CQI is equivalently derived with the precoding matrix obtained during the prescheduling stage.  Hence, the gNB knows the exact precoding matrix associated with the CQI.  
It’s worth noting that there could be mismatch between the CQI derived with restricted codebook subset and the CQI which can be supported when the actual DL precoding matrix is used.  This mismatch is mainly due to the quantization error of the codebook.  For pre-scheduled CSI-RS based approach, the CQI mismatch can be eliminated if the gNB uses the same precoding matrix for both CQI measurement and actual DL transmission.
Observation 6: Codebook subset restriction based non-PMI feedback may suffer from CQI mismatch.
Observation 7: Pre-scheduled CSI-RS based CQI derivation can be used for non-PMI feedback in reciprocity based DL operation.
CSI-RS and SRS transmission in same slot
[bookmark: _GoBack]Fast DL CSI acquisition is a useful strategy especially for combating channel decorrelation in moderate or high Doppler scenarios.  For reciprocity based operation, the DL CSI acquisition includes UL sounding and DL CSI feedback.  For UL sounding, the gNB estimate the DL channel based on SRS by exploiting the DL/DL channel reciprocity.  For DL CSI feedback, the UE measures and reports the CQI based on CSI-RS for DL link adaptation.  These two procedures are not necessarily to be tightly coupled.  For example, if full channel reciprocity is not available, the gNB may only take advantage from long-term reciprocity.  A UE may be configured with a SRS transmission at a long duty cycle.  The UE can report a fast CQI for a better link adaptation.  For another example, if full channel reciprocity is available, pre-scheduled CSI-RS can be used for DL CQI measurement.  Due to its on-demand nature, the pre-scheduled CSI-RS transmission instance should be decoupled from SRS transmission instance.
Observation 8: The use case of CSI-RS and SRS transmission in same slot is unclear.
Conclusions 
To summarize, we discussed several aspects of CSI acquisition for reciprocity based operation.  We have following observations:
Observation 1:	For full channel reciprocity, CQI feedback is needed to capture the UE receiver processing capability.
Observation 2: 	The performance and feedback overhead tradeoff with explicit interference covariance matrix feedback is unclear.
Observation 3: 	Interference PMI feedback overhead doesn’t scale well for large PMI codebooks.
Observation 4: 	Explicit interference feedback can be avoided if pre-whitened SRS is used.
Observation 5: 	The definition of “differential CSI” and how to construct full CSI based on “differential CSI” feedback is unclear.  
Observation 6: 	Codebook subset restriction based non-PMI feedback may suffer from CQI mismatch.
Observation 7: 	Pre-scheduled CSI-RS based CQI derivation can be used for non-PMI feedback in reciprocity based DL operation.
Observation 8: The use case of CSI-RS and SRS transmission in same slot is unclear.
We propose:
Proposal 1: Explicit interference feedback is not supported in NR.
Proposal 2: Study impact related to TX switching SRS transmission for UEs with asymmetric TX/RX chains.
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