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1 Introduction

According to NR MIMO WID RP-213598, the following is the scope of work in this agenda.
1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, considering throughput-overhead trade-off
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e., 32
· 

In this contribution, we provide our views regarding the CSI enhancements for Coherent JT and high/medium UE velocities.

2 CSI Enhancements for CJT

2.1 CSI-RS Resource Configuration

Regarding configuration of CSI-RS resources for CJT, the following agreement has been made in RAN1#110 
	Agreement
On the Type-II codebook refinement for CJT mTRP, down-select from the following TRP selection/determination schemes (where N is the number of cooperating TRPs assumed in PMI reporting) by RAN1#110bis-e:
· Alt1. N is gNB-configured via higher-layer (RRC) signalling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signalling
· Note: only one transmission hypothesis is reported
· Alt2. N is UE-selected and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating TRPs, while NTRP is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of N out of NTRP TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of NTRP TRPs and the value of NTRP, whether explicit or implicit
· Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.
Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, the following is supported:
· The CMR comprises K>1 NZP CSI-RS resources, where one resource corresponds to one TRP/TRP-group (i.e. K=NTRP)
· Each of the CSI-RS resources has a same number of CSI-RS ports
· Note: The terms TRP and TRP-group are used for discussion purposes only (no spec impact is implied).




Considering the dynamic change in the channel across TRPs, selecting TRPs from the configured TRPs is expected for optimal performance. In Alt1,  having a static list of TRPs for CJT-CSI expects either the co-operating TRPs to never change or have multiple CSI configuration supporting different configurations. Though the gNodeB can do selection on behalf of UE, for example using RSRSP reports w.r.t the TRPs from a QCLed resource, the solution with gNodeB selecting the TRPs will be sub-optimal compared to Alt2, where the UE is selecting the TRPs. Selection of TRPs by the UE can be left for implementation.

Proposal 1: Down select Alt2 for TRP selection and the selected TRPs are reported as a part of CSI-Feedback.

3 CSI Reporting Enhancements to medium and high-speed UEs
 In Rel-18 MIMO ([4] and [5]), two different approaches were suggested for CSI enhancement in the high mobility scenario of UE. The first one was the enhancement of the existing Type -II codebook of Rel-16/ Rel-17. The other one was UE reporting time domain channel information i.e., time correlation/doppler information  estimated using TRS to gNB.

In the current existing NR Type II codebook, the CSI is reported in one single instant. This kind of reporting is helpful when UEs are moving very slowly or for pedestrian users [6]. But when the UEs are moving in medium/high-speed scenarios, the channel coherence time is small due to high Doppler which results in performance loss when existing Type II code books (Rel-15, Rel-16, and Rel-17) are used. Employing existing Type II codebooks in a high Doppler scenario requires more feedback overhead and also consumes more UL and DL resources. To mitigate this problem, the following agreement was made in the earlier 3GPP meetings RAN1 # #110. 

	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, down-select one from the following codebooks structures:
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· Note that  may be the identity as a special case
· Alt2B: Doppler-domain basis independently selected for different SD/FD bases 
· Note that  may be the identity as a special case
· Alt3. Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report.





One of the ways to refine the Type II codebooks is by incorporating the new Doppler domain basis vectors matrix Wd. The compression in the doppler domain can be achieved by  including the Doppler domain basis vectors in Wd  chosen from the orthogonal DFT matrix. This is captured in Alt 2A and 2B. Using columns of Identity matrix as the basis results in “No compression”, which is treated as a special case.  Alt. 3 captures the case of using identity basis.  
Alt. 2A is characterized by lower feedback due to compression, while Alt.3 is characterized by lower complexity and lower latency. Therefore, we prefer both Alt 2A and Alt. 3
Proposal 2: Support Alt2A and Alt3 for the Type-II codebook refinement techniques.

Feedback of time domain channel properties using the measurements performed using TRS is another sub topic under CSI enhancement. The following agreement was made in RAN1#110 regarding the same.
	Agreement
For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:
· AltA. Based on Doppler profile
· E.g., Doppler spread derived from the 2nd moment of Doppler power spectrum, average Doppler shifts, Doppler shift per resource, maximum Doppler shift, relative Doppler shift, etc
· AltB. Based on time-domain correlation profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts
· AltC: CSI-RS resource and/or CSI reporting setting configuration parameter(s) to assist network
· E.g. gNB configures UE with multiple choices on what to assist (e.g. two or more CSI-RS/report periodicities, or precoding schemes depending mainly on UE velocity), then UE report according to configuration; parameters correspond to CSI reporting periodicity, codebook type, etc.
Note: Different alternatives may or may not apply to different use cases  




TRS based measurement is used to obtain the doppler or correlation information about the channel. However, the important parameter that quantifies how fast the channel varies is channel autocorrelation. Generally, the autocorrelation strongly depends on the AOA spread and ZOA spread.  The measurement of the autocorrelation function for TDL-A channels significantly differs from the CDL-A channel [7]. However, the measurement of the doppler shift for the TDL-A and CDL-A channels will give the same doppler shift and the same UE velocity.  Thus we support autocorrelation-based channel reporting since the measurement of autocorrelation gives a more accurate representation of how fast the channel is varying. Moreover, the implementation of autocorrelation is straightforward and has low complexity compared to the measurement of Doppler shift. For instance, the channel peak impulse response method used for doppler shift measurement is computationally cumbersome. 
Proposal 3: Support autocorrelation/cross-correlation (Alt. B) based TDCP reporting for TRS based measurement of channel information.

4. Conclusion

Proposal 1: Down select Alt2 for TRP selection and the selected TRPs are reported as a part of CSI-Feedback.

Proposal 2: Support Alt2A and Alt3 for the Type-II codebook refinement techniques.

Proposal 3: Support autocorrelation/cross-correlation (Alt. B) based TDCP reporting for TRS based measurement of channel information.
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