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Introduction
In RAN1#88bis meeting, following agreements were made on CSI acquisition for channel reciprocity based operation: 
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 discuss some of remaining details on CSI acquisition for channel reciprocity based operation and analyze the schemes for non-ideal channel reciprocity. 

Discussion
Full channel reciprocity
It was agreed that at least for full channel reciprocity, at least Non-PMI feedback is supported where CSI contains RI and CQI. In PMI feedback operation where UE also feeds back PMI, UE derives CQI based on reported RI and PMI. In Non-PMI feedback operation since UE doesn’t feedback PMI, how does UE derive CQI is a question. TxD based CQI as in LTE is not accurate especially in the case of higher rank. In the case of UE autonomously determining CQI and reporting to gNB, there is risk of mismatch. It was agreed that CQI depends on RI and PMI which are selected from a codebook (potentially with restriction), unless restricted to one precoder per rank gNB still cannot correctly interpret the CQI reported by UE. However, restricting to one precoder per rank will certainly degrade CQI quality, the UE derives CQI assuming preconfigured one precoder but in reality the best precoder maybe different. One way to solve this issue is by dynamic precoder indication in downlink signaling for assisting the UE to derive CQI. For example, gNB uses a predefined codebook (or with restriction) to indicate UE PMI with or without RI in downlink signaling, then the UE determines CQI based on indicated PMI. gNB can estimate RI and PMI from the channel information measured on SRS. gNB can indicate multiple RI candidates and corresponding PMI to the UE, the UE then according to the interference condition in DL determines RI and uses the corresponding indicated PMI to derive CQI. Since gNB doesn’t have knowledge of interference in DL, it may not be in best position to determine RI. In this case, the UE can derive RI based on codebook or subset of codebook defined in the spec. The UE then recommends RI to the gNB, gNB then selects precoder based on recommended RI and channel measured on SRS. The precoder is indicated as PMI in downlink to assist UE to derive CQI. For example, gNB configures 8 ports CSI-RS to a UE and corresponding 8 Tx codebook. The UE derives RI and report to gNB, e.g. rank 2. gNB selects rank 2 precoder which best matches the channel measured in UL and indicates as PMI to the UE for CQI calculation. The UE uses gNB indicated precoder to derive CQI, this can best match the channel quality.
It is still FFS on other schemes including explicit interference feedback, implicit interference feedback etc. It is obvious that explicit interference feedback causes larger feedback overhead than implicit interference feedback. While evaluating different interference feedback schemes performance, complexity, feedback overhead as well as impairments such as imperfect antenna calibrations should be taken into account. 
Proposal: support gNB indication of precoder or PMI for CQI derivation in non-PMI feedback operation.

Partial channel reciprocity
For partial channel reciprocity, where the UE has more RX antenna than TX antenna, gNB can obtain part of channel information by measurement in UL. It can be left to gNB implementation how to extrapolate full channel information. It can also be used as long term channel information. Interference information needs to be fed back however explicit interference feedback doesn’t make sense in such scenario.
Observation1: explicit interference feedback causes large feedback overhead; performance, complexity, feedback overhead as well as impairments such as imperfect antenna calibrations should be taken into account in the study of channel reciprocity based DL CSI feedback.
It was agreed to evaluate several schemes for the case of partial channel reciprocity and a set of simulation assumptions was also agreed. One of the main motivations of channel reciprocity based operation is lower feedback overhead.
Scheme 2 where UE feeds back partial CSI for gNB to acquire full CSI, it should be first noted that the overhead of such feedback should be compared to PMI feedback based operation, and type I and type II CSI feedback are already agreed to be supported. If the motivation of scheme 2 is to reduce feedback overhead in type II CSI then it should be discussed in type II CSI sub AI. If partial CSI feedback is similar to PMI feedback then the use case of scheme 2 is not clear. On the other hand, the CSI obtained in DL based on measurement on CSI-RS and CSI obtained in UL based on measurement on SRS can be quite different due to non-reciprocal interference, so how gNB can utilize those 2 parts is unclear.
Scheme 3 is straight forward where long term channel information measured on SRS is used for CSI-RS beamforming, the UE then feeds back RI, PMI and CQI based on measurement over beamformed CSI-RS which is basically an implementation issue. 
Scheme 4 is based on SRS transmission with UL antenna switching. Antenna switching mechanism is already supported in LTE, it can be considered in NR as well however careful study of switching mechanism is necessary in order not to introduce too much complexity.
Scheme 5 is non-uniform beam sampling on codebook, it is unclear that this scheme can be regarded as reciprocity based scheme. Since type I and type II CSI feedback are already agreed to be supported, beam sampling or codebook sampling should be discussed in type I and II CSI sub AI.
Observation2: Scheme 3, where long term channel information measured on SRS is used for CSI-RS beamforming is simple and straight forward mechanism in the case of partial channel reciprocity.
Conclusions
In this contribution we discussed CQI derivation in non-PMI feedback operation and analyzed partial reciprocity based schemes. We have following observations and a proposal:
Observation1: explicit interference feedback causes large feedback overhead; performance, complexity, feedback overhead as well as impairments such as imperfect antenna calibrations should be taken into account in the study of channel reciprocity based DL CSI feedback.
Observation2: Scheme 3, where long term channel information measured on SRS is used for CSI-RS beamforming is simple and straight forward mechanism in the case of partial channel reciprocity.
Proposal: support gNB indication of precoder or PMI for CQI derivation in non-PMI feedback operation.
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