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1. Introduction
In 3GPP TSG RAN Meeting #86, CSI measurement and reporting has been agreed as one of NR MIMO objectives for further enhancement in Rel-17 [1], 
Enhancement on CSI measurement and reporting:
· Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
· Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead

In this contribution, we discuss the enhancement of CSI measurement and reporting for M-TRP and FDD reciprocity.  

2. Discussion
CSI enhancement for M-TRP
In Rel-16, the CSI for different TRPs is individually reported to gNB via different CSI report configurations. For example, to support multi-DCI based M-TRP transmission, gNB may configure 4 CSI-ReportConfig for UE to report 4 different types of CSI report:
· CSI report 1 for TRP1 without interference from TRP2, to support single TRP transmission from TRP1 or non-overlapped PDSCH transmission from TRP1 and TRP2.
· CSI report 2 for TRP1 with interference from TRP2, to support overlapped PDSCH transmission from TRP1 and TRP2. A NZP CSI-RS resource can be configured as IMR to measure the interference from TRP2. 
· CSI report 3 for TRP2 without interference from TRP1, to support single TRP transmission from TRP1 or non-overlapped PDSCH transmission from TRP1 and TRP2.
· CSI report 4 for TRP2 with interference from TRP1, to support overlapped PDSCH transmission from TRP1 and TRP2. Another NZP CSI-RS resource can be configured as IMR to measure the interference from TRP1. 
It is observed the required CSI report configurations and UCI overhead is significant to support dynamic scheduling of single TRP transmission, non-overlapped PDSCHs and overlapped PDSCHs for each TRP based on Rel-15 CSI framework. Actually, the difference between CSI report 1 and 2 or CSI report 3 and 4 is only the IMR to measure inter-TRP interference. If UE can use one CSI report to inform the CSI for all the transmission assumptions of one TRP, the number of CSI report configuration and UCI overhead can be reduced. As shown in Fig.1, the CSI with and without interference from the other TRP can be reported via one CSI report. Since the NZP CSI-RS resource for channel estimation and CSI-IM for interference measurement is the same for the two CSIs, some mechanism for UCI overhead reduction can be further studied for the joint CSI. 


Fig.1: Joint CSI reporting for S-TRP and overlapped PDSCHs
Proposal 1: Consider joint CSI report to support overlapped PDSCHs, non-overlapped PDSCH and S-TRP.
FR1 FDD reciprocity
In Rel. 16 type II codebook, spatial basis and frequency basis are DFT vectors. In port selection codebook, spatial basis is transparent to UE and the gNB could transmit beamformed CSI-RS by exploiting angular reciprocity, while the FD basis are still DFT vectors. As described in the new objective for Rel-17, the reciprocity of angle and/or delay can be utilized for further enhancement. With that gNB may beamform CSI-RS in spatial and/or frequency domain. In our understanding, gNB may construct angle and or delay precoder based on uplink channel estimated from SRS transmission. For example, the gNB can obtain long term correlation in both frequency and spatial domain filtering out the randomness caused by instantaneous uplink channel, and convert them to downlink channel by compensating the offset caused by DL-UL frequency gap for angular components. Then the gNB can transmit beamformed CSI-RS with the sorted eigen vectors. Alternatively, gNB may estimate angular and delay by using MUSIC-like method and then form the precoder for downlink.
First of all, promising precoding gain is expected if angular and delay reciprocity are utilized by gNB and channel could be represented by a UE-specific orthogonal basis with sparser coefficients. Potential benefit is the CSI reporting overhead can be reduced: fewer coefficients may be needed in CSI reporting, the number of non-zeros coefficients could be smaller than that of the Rel-16 and the overhead of FD-basis can be smaller too. Furthermore, the overhead of bitmap/FD basis could be reduced if gNB just form CSI-RS ports which align coefficients in transformed domain.
However, the following issues shall be carefully considered, especially on frequency selective precoding:
· gNB need to know the UE preferred precoder for long term statistic.  Even though spatial and frequency channel are correlated and could be estimated from SRS, practically it’s up to UE to select precoder in angular/frequency domain which may be arbitrary to some extent and could result in an independent distribution compared with gNB’s measurement on SRS. For example, UE could consider the impact of interference with IRC while gNB cannot see the interference. 
· If the enhancement is on top of Rel-16 e-type II/e-type II port selection codebook, DFT operation is always performed at UE side and thus frequency channel are de-correlated. The wideband spatial beamforming may be optimal. Then frequency precoding gain is not guaranteed if no further restriction is applied on the UE selection of frequency basis. For instance, a UE might consider a single FD basis as a combiner for parallel frequency channel.
· One benefit of beamformed CSI-RS is that both CSI-RS overhead and UE complexity can be reduced. Beamformed CSI-RS allows UE to only measure few CSI-RS ports with enhanced quality. Therefore, when we consider spatial/frequency selective precoding on CSI-RS, low CSI-RS resource overhead and low UE complexity shall be kept too.  
· It’s natural to have a transparent solution. The gNB shall be allowed to flexibly generate CSI-RS port up to its implementation. From a UE perspective, it’s preferred to keep the same and unify procedure for PMI selection without ambiguity no matter whether and how the CSI-RS resource is precoded at gNB side.
Regarding the reciprocity model in evaluation, there are two possible options [2],
	· Opt. 1: The reciprocity model of DL/UL channel is based on Section 5.3 of TR 36.897
· Opt. 2: The reciprocity model of DL/UL channel is based on Section 7.6.5 of TR 38.901 with different DL/UL frequency. 
· Note that further modifications/clarifications based on Option 1 or 2 to generate UL channel are not excluded. 


Option 1 is a simpler FDD reciprocity model, angular and delay are perfectly reciprocal for UL and DL. Option 2 is more complicated and robust, large scale parameter such as delay spread and angular spread are dependent on UL and DL band frequency. Considering option 1 is easier and clear for the purpose of evaluation, we prefer to support option 1 as baseline model. 
Proposal 2: Support reciprocity model of DL/UL based on section 5.3 of TR 36.897 (Opt. 1).
In practical non-ideal factors affects the performance gain of CSI enhancement by exploiting delay/angular reciprocity. For robustness, modeling non-ideal factors in evaluation should be considered. For SRS channel error model, the delta value reflect the configuration of SRS and gNB channel estimation method for SRS. In our view, this model is valid and companies can report the value of delta in simulation assumption. As companies point out, UL-DL antenna calibration is also an important issue for evaluation when considering angular reciprocity. We are fine with simple calibration modeling in the evaluation.
Proposal 3: Support SRS error modeling in Table A.1-2 in 36.897, processing gain delta value can be reported.
Since gNB implementation significantly impact on the evaluation result but the gNB implementation is transparent to UE, it’s preferred to understand the CSI-RS beamforming methodology firstly for purpose of evaluation. We shall align the understanding on the gNB method of calculating angular beam and/or frequency beam if possible. 
[bookmark: _GoBack]We setup a simple simulation to see if there is gain by exploiting angle/delay reciprocity.  In the following figure, MSE vs number of coefficients is plotted which measure the power distribution of the projection of precoder on different type of basis. We observe potential gain by utilizing DL/UL reciprocity of angle and delay. Neither non-ideal error nor quantization error are considered. SLS performance with practical assumption is needed to evaluate further.
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3. Conclusion
In this contribution, we presented our view on CSI measurement and reporting. The following proposals are provided:
Proposal 1: Consider joint CSI report to support overlapped PDSCHs, non-overlapped PDSCH and S-TRP.
Proposal 2: Support reciprocity model of DL/UL based on section 5.3 of TR 36.897 (Opt. 1).
Proposal 3: Support SRS error modeling in Table A.1-2 in 36.897, processing gain delta value can be reported.
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