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Introduction
[bookmark: _Hlk88742629]The NR_feMIMO Work Item description [1] defines the following justification for further CSI enhancements:
	· [bookmark: _Hlk47438345][bookmark: _Hlk95435018]Although Rel-16 supports enhanced Type II CSI, some room for further enhancements can be perceived. This includes CSI designed for multi-TRP/panel for Non-Coherent Joint Transmission (NC-JT) use case and the utilization of partial reciprocity on channel statistics such as angle(s) and delay(s) mainly targeting FR1 FDD deployments.



The WI objectives includes the following features with a potential impact on CSI reporting for Multi-TRP transmission:
	4. Enhancement on CSI measurement and reporting:
a. 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
b. 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 general, for Multi-TRP it was decided to postpone the discussion for UE demodulation and CSI requirements for FR2:
	· Postpone the discussion on m-TRP transmission UE demodulation/CSI requirements in FR2 till RAN4 RF and RRM core have conclusion on supporting FR2 UE with the capability of simultaneous reception and non-simultaneous (e.g., PDCCH TDM) with different QCL Type-D RSs.
· With current testing methodology has limitation from OTA feasibility to support simultaneous 2 AOA for demodulation requirement test 



In this contribution we will present Nokia’s point of view concerning the scope of CSI reporting for Multi-TRP transmission based on the WF [2].



Test scope of CSI reporting for Multi-TRP transmission
In Release 16 the CSI reporting was not optimized for Multi-TRP transmission, which can lead to degradation of system performance due to sub-optimal selection of precoding matrices, MCS, number of transmission layers etc.
Therefore, the WI objective for Release 17 is to enhance the CSI measurement and reporting for DL multi-TRP transmission to enable more dynamic channel/interference hypotheses for Non-Coherent Joint Transmission.
[bookmark: _Hlk95476666]From the WF [2]:
	· Introduce CSI requirements for CSI reporting enhancement for m-TRP NCJT transmission
· [bookmark: _Hlk95441922]FFS on CQI, PMI, and RI requirement for Single-DCI based Multi-TRP scheme
· Option 1: CQI, PMI, RI 
· Option 2: CQI
· Option 3: PMI only
· FFS on CQI, PMI, and RI requirement for Multi-DCI based Multi-TRP scheme
· Option 1: CQI



In Multi-DCI based Multi-TRP schemes, the PDCCH1 transmitted from TRP1, for example, may carry a first DCI that schedules a first set of layers to be transmitted from TRP1 in PDSCH1 and a second DCI from PDCCH2 transmitted from TRP2 that schedules a second set of layers to be transmitted from TRP2 in PDSCH2, etc. 
In the Multi-DCI case proposed and discussed in the last meeting, it was assumed that the PDSCH1/2 allocations are configured via DCI to not be overlapped. Hence, the PMI and RI calculation for each TRP will be identical to the PMI/RI calculation for the Single-TRP transmission scheme. Consequently, only new reporting requirements would potentially be necessary for CQI in case of the Multi-DCI based Multi-TRP scheme since the UE reports a common CQI for all measured TRPs.
For multi-DCI cases with non-overlapping PDSCH resources, the PMI/RI calculations for each TRP are not different from legacy. CQI on the other hand is shared among TRPs, so the legacy algorithm does no longer apply.

For the Single-DCI based Multi-TRP scheme, where the PDSCH allocations are overlapping both the CQI, PMI and RI values will be different compared to the corresponding values calculated for the Single-TRP transmission scheme and in principle new reporting requirements are needed for both CQI, RI and PMI.
For single-DCI cases with overlapping PDSCH resources, the PMI/RI/CQI calculations differ significantly from legacy.

[bookmark: _Hlk95699662]In general, for Multi-TRP NC-JT transmission the performance enhancement from new PMI reporting requirements may be the most beneficial enhancement compared to new CQI and rank reporting requirements. 
The PMI is a set of indices corresponding to a precoding matrix that the gNB applies for the downlink data transmission. For the channel conditions estimated for each of the individual TRPs, SINR is calculated at the receiver by considering all precoding matrices from the selected codebook. The PMI is then reported as the set of indices corresponding to the precoding matrix, which gives the maximum SINR. 
Hence, introduction of new CSI requirements for CSI multi-TRP Single-DCI reporting enhancement may be preferable for PMI reporting only depending on the trade-off between UE complexity, performance, and reporting overhead.
Single-DCI: Define new CSI reporting requirement for CQI, RI and PMI reporting for Single-DCI based Multi-TRP scheme, with the PMI reporting being the most important one. 

Multi-DCI: Define new CSI reporting requirement for CQI reporting for Multi-DCI based Multi-TRP scheme. 
Conclusion
In this contribution we have presented Nokia’s point of view concerning the Release-17 Scope of CSI reporting for Multi-TRP transmission, after giving some background on Multi-DCI vs Single-DCI considerations. 
We have made the following observations and proposals:

1. For multi-DCI cases with non-overlapping PDSCH resources, the PMI/RI calculations for each TRP are not different from legacy. CQI on the other hand is shared among TRPs, so the legacy algorithm does no longer apply.
For single-DCI cases with overlapping PDSCH resources, the PMI/RI/CQI calculations differ significantly from legacy.

1. Single-DCI: Define new CSI reporting requirement for CQI, RI and PMI reporting for Single-DCI based Multi-TRP scheme, with the PMI reporting being the most important one. 
Multi-DCI: Define new CSI reporting requirement for CQI reporting for Multi-DCI based Multi-TRP scheme. 
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