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Introduction
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].
[bookmark: _Hlk88742629]
Discussion
CSI reporting requirement for multi-TRP
Test cases for CSI reporting enhancement for m-TRP transmission
The issue of “which new test cases for CSI reporting enhancement for m-TRP transmission” was discussed in RAN4#102-e [2] resulting in below way forward [2].
	Issue 3-1-1: Test cases for CSI reporting enhancement for m-TRP transmission
· Define PMI reporting requirement for single-DCI based Multi-TRP scheme with full overlapped resource allocation (SDM) only in FR1
· FFS on  additional CSI reporting requirement for single/multi-DCI based Multi-TRP scheme
· Option 1
· Option 1a: Define new CSI reporting requirement for CQI reporting for Multi-DCI based Multi TRP scheme
· Option 1b : Define RI, CQI reporting requirement for single-DCI based Multi-TRP, and define CQI reporting requirement for multi-DCI
· Option 2: Not define RI, CQI reporting requirement for single-DCI, Not define CQI reporting requirement for multi-DCI
· Option 3: if time allows define CQI reporting requirement for multi-DCI



Single-DCI:
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 optimal PMI/RI/CQI calculations differ significantly from legacy.
However, despite this observation, we have signalled in the last meeting to be open to compromise on defining new CSI reporting requirement for PMI only for the single-DCI based Multi-TRP scheme.
We concede here that the practically used algorithms for CQI and RI derivation will likely remain the same from non-mTRP implementations. The performance will however be strongly impacted. 
Practically used algorithms for CQI and RI derivation will likely remain the same from non-mTRP implementations, however with high impact on performance.
For single-DCI M-TRP with overlapping PDSCH resources, define new CSI reporting requirement for RI and CQI.

Multi-DCI:
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, it was assumed that the PDSCH1/2 allocations can be configured via DCI to be overlapped, partial overlapped and non-overlapped. For non-overlapped configuration 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 overlapped or partial overlapped.

For multi-DCI cases with non-overlapping PDSCH resources, the PMI/RI calculations for each TRP are not different from single TRP. CQI on the other hand is shared among TRPs, so the single TRP algorithm does no longer apply.
For multi-DCI cases with fully overlapping PDSCH resources, the PMI, CQI and RI calculations for each TRP are impacted and differ all from the legacy algorithm.
For multi-DCI with non-overlapping PDSCH resources, define new CSI reporting requirements for CQI reporting for Multi-DCI based Multi-TRP.
For Multi-DCI with overlapping PDSCH resources, define new CSI reporting requirements for PMI, CQI, RI reporting for Multi-DCI based Multi-TRP scheme, if time allows.

Differences between Rel-16 and Rel-17 mTRP CSI reports
Since the question has come up RAN4#102e, we want to mention that (at least) the CQI payload and its calculation for the CSI reports differs significantly between Rel-16 mTRP and Rel-17 mTRP.
It is our understanding that in Rel-17 can be a single CQI reported for all TRP (independent of S- or M-DCI), while in Rel-16 there were separate CQIs (using different CMRs for each TRP) [R1-2112949].
	-	The UE shall derive the CSI parameters other than CRI(s) conditioned on the reported CRI(s), as follows:
-	If the higher layer parameter csi-ReportMode is set to 'Mode1' and the higher layer parameter numberOfSingleTRP-CSI-Mode1 is set to ,  CRI(s) are reported:
-	one CRI  corresponds to the configured -th entry of the associated  Resource Pairs in the corresponding CSI-RS Resource Set for channel measurement, and -th entry of the corresponding CSI-IM Resource Set, if configured. The UE shall report two RIs, two PMIs, two LIs (if configured), associated to the resource in Group 1 and the resource in Group 2, respectively, of the -th Resource Pair, and one CQI; and
-	if , one CRI  () corresponds to the configured -th entry of the associated  resources in the corresponding CSI-RS Resource Set for channel measurement, and -th entry of the corresponding CSI-IM Resource Set, if configured. The UE shall report one RI, one PMI, one LI (if configured) and one or two CQIs conditioned on CRI ; or
-	if , one CRI   corresponds to the configured -th entry of the associated  resources in Group 1 of the corresponding CSI-RS Resource Set for channel measurement, and -th entry of the associated resources in the corresponding CSI-IM Resource Set, if configured, and one CRI   corresponds to the configured -th entry of the associated  resources in Group 2 of the corresponding CSI-RS Resource Set for channel measurement, and -th entry of the corresponding CSI-IM Resource Set, if configured. The UE shall report one RI, one PMI, one LI (if configured) and one oro two CQIs conditioned on CRI  and one RI, one PMI, one LI (if configured) and one or two CQIs conditioned on CRI .
-	If the higher layer parameter csi-ReportMode is set to 'Mode2', one CRI   is reported, which corresponds to the -th entry of the  resources or Resource Pairs in the corresponding CSI-RS Resource Set for channel measurement, and -th entry of the associated resources in the corresponding CSI-IM Resource Set, if configured. The first  codepoints of the CRI correspond to resources associated to Group 1 and Group 2. The last  codepoints of the CRI correspond to the  configured Resource Pairs. The UE shall report one RI, one PMI, one LI, if configured, and one CQI conditioned on CRI  if ; or two RIs, two PMIs, two LIs, if configured, associated to the resource in Group 1 and the resource in Group 2, respectively, of the -th Resource Pair, and one or two CQIs, otherwise.




Number of CSI-RS Ports
The issue of “how many CSI-RS Ports per m-TRP transmission” was discussed in RAN4#102-e [1] resulting in below way forward. 
	Issue 3-2-4: Number of CSI-RS Ports 
· Option 1
· 8   for each TRP
· Option 2 
· 4  for each TRP
· Companies are encouraged to provide the simulation result in the next meeting with both option 1 and option 2 base on agreed simulation assumption to check the performance gain with the test metric, i.e. throughput ratio with a given SNR test. Make the decision about number of CSI-RS ports in next meeting.




Since the channel models proposed for demodulation testing (TDL) do not have a spatial component, the performance gain of going from 4 to 8 ports will only be minimal. However, the TE equipment cost and processing complexity will increase. Furthermore, it seems doubtful that each TRP will use more than 1 CW, i.e., only four ports would be required to cover the maximum case of 4 layers; potential CSI based beam management is not part of the demodulation setup.
From a test perspective 4 ports will provide with the best performance to complexity/cost trade-off compared to 8 Ports for each TRP with current proposed channel models.
Use 4 CSI-RS ports for each TRP.

PMI reporting requirement for inter-cell interference scenario in Rel-17 FeMIMO
Following the agreement from RAN#95 to study the impact of pilot contamination on PMI reporting and provide feedback to the next plenary, we don’t think that the following parts of the WF are applicable any longer:
	[bookmark: _Hlk99110429]Issue 5-1-1: whether to define PMI reporting requirement for inter-cell interference scenario in Rel-17 FeMIMO
· FFS to define PMI reporting requirement with inter-cell interference in Rel-17 FeMIMO WI
· FFS on where to handle the PMI reporting requirement with inter-cell interference 
· Option 1: Rel-17 TEI
· Option 2: Rel-18 timeframe
· Option 3 : Rel-17 FeMIMO WI

Issue 5-1-2: PMI reporting with inter-cell interference evaluation assumption
· Option 1: For further evaluation of PMI reporting in ICI use the following simulation assumptions as baseline
· Antenna config: 8x2 XP High
· Prop. Channel model: TDLA30-5; ensure that channel from target and interference cell are statistically independent and have different beam direction (to ensure PMI are different)
· NZP CSI-RS for interference: 
· Overlapping with serving cell
· Non-overlapping with serving cell
· CSI-IM for interference: non overlapping with CSI-IM for serving cell
· Loading for interference cell: PDSCH transmission is enabled in all slots for interference cell
· Evaluate performance based on TP ratio with and with ICI for (1) overlapping NZP CSI-RS (2) non-overlapping NZP CSI-RS
· Other options are not precluded

Issue 5-1-3: Test metric of PMI reporting with inter-cell interference 
· Option 1
· TP ratio with following PMI with inter-cell interference and follow PMI without interference
· Other options are not precluded




Instead, we have submitted a different contribution to the general section that specifically treats the questions raised by the plenary.

Conclusion
In this contribution we have provided our views on various open issues with relation to CSI reporting for Multi-TRP transmission for FeMIMO.

We have made the following observations and proposals:

CSI reporting requirement for multi-TRP
Single-DCI
1. For single-DCI cases with overlapping PDSCH resources, the optimal PMI/RI/CQI calculations differ significantly from legacy.
Practically used algorithms for CQI and RI derivation will likely remain the same from non-mTRP implementations, however with high impact on performance.
1. For single-DCI M-TRP with overlapping PDSCH resources, define new CSI reporting requirement for RI and CQI.

Multi-DCI
For multi-DCI cases with non-overlapping PDSCH resources, the PMI/RI calculations for each TRP are not different from single TRP. CQI on the other hand is shared among TRPs, so the single TRP algorithm does no longer apply.
For multi-DCI cases with fully overlapping PDSCH resources, the PMI, CQI and RI calculations for each TRP are impacted and differ all from the legacy algorithm.
For multi-DCI with non-overlapping PDSCH resources, define new CSI reporting requirements for CQI reporting for Multi-DCI based Multi-TRP.
For Multi-DCI with overlapping PDSCH resources, define new CSI reporting requirements for PMI, CQI, RI reporting for Multi-DCI based Multi-TRP scheme, if time allows.
Number of CSI-RS Ports
From a test perspective 4 ports will provide with the best performance to complexity/cost trade-off compared to 8 Ports for each TRP with current proposed channel models.
Use 4 CSI-RS ports for each TRP.
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