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Introduction
In the previous meeting, there were several agreements related to CSI enhancements, as captured below [1]. The rest of agreements are also captured in the relevant subsection in section 2.
	Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, the UE can be configured with Ks ≥ 2 NZP CSI-RS resources in a CSI-RS resource set for CMR and N ≥ 1 NZP CSI-RS resource pairs whereas each pair is used for a NCJT measurement hypothesis 
· Configure UE with two CMR groups with Ks=K1+K2 CMRs. CMR pairs are determined from two CMR groups by following method(s). 
· K1 and K2 are the number of CMRs in two groups respectively. FFS K1=K2 or different K1/K2.
· Note that CMRs in each CMR group can be used for both NCJT and Single-TRP measurement hypotheses
· N CMR pairs are higher-layer configured by selecting from all possible pairs
· signalling mechanism can be discussed further, e.g. using a bitmap
· FFS: Whether MAC-CE or RRC+MAC CE indication is needed
· FFS: how to support NCJT measurement hypotheses in FR2
· Support N=1 and Ks =2, FFS other maximal values of N>1 and Ks>2  
· Note: for CPU/resource/port occupation, NCJT hypothesis is considered separately from single TRP hypothesis

Agreement
· Strive to agree at most one of the following options, if needed 
· Option 1: Confirm the Working Assumption from RAN1 103e. 
· Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2 TRPs, for Multi-DCI based NCJT
· The time of decision is RAN1#105e (May 2021)

Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support following two options:
· Option 1: the UE can be configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis
· X = 0, 1, 2
· If X=2, two CSIs are associated with two different single-TRP measurement hypotheses with CMRs from different CMR groups
· Support of X=1,2 is UE optional for the UE supporting option 1
· FFS omission of CSI associated with NCJT measurement hypothesis
· Option 2: the UE can be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses
· FFS how to report recommended measurement hypothesis associated with that CSI report

Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, support codebook structure W=W1W2 WfH where 
· W1 is a free selection matrix, with identity matrix as special configuration
· FFS polarization-common/specific selection
· Wf is a DFT based compression matrix in which N3 = NCQISubband*R and Mv>=1
· At least one value of Mv>1 is supported
· Decide on the value(s) of Mv, e.g. Mv=2,  in RAN1# 104bis-e
· Working assumption:  Support of Mv>1 is a UE optional feature if the UE supports Rel-17 PS codebook enhancement, taking into account UE complexity related to codebook parameters
· FFS candidate value(s)  of R, mechanism for configuring/indicating to the UE and/or mechanism for selecting/reporting by UE for Wf
· Wf can be turned off by gNB. When turned off, Wf  is an all-one vector (FFS; the length of all-one vector)
· FFS other signaling/CSI reporting mechanism for trade-off among signaling overhead, UE complexity and UPT gain

Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, 
· W1 ∈ N^{P×K1} (K1≤P) is a port selection matrix in order to freely select K1 ports out of P CSI-RS ports or K1/2 ports out of P /2 CSI-RS ports 
· Note that P is the number of CSI-RS ports for port selection (whose value depends on the outcome of the CSI-RS related study).  



Discussion
Enhancements on multi-TRP transmission
In the previous meeting, 2 CMRs and 1 CMR pair in a CSI-RS resource set were agreed and other maximal values were left as FFS point. As described in Rel-17 FeMIMO WID [2], Rel-17 multi-TRP transmission related CSI enhancement should be able to enable more dynamic channel/interference hypotheses for NCJT. For this purpose, supporting more than 2 CMRs and 1 CMR pair for a CSI report will be beneficial considering wide usage of MTRP operation in NR. In this case, the best CSI can be selected and reported from different NCJT measurement hypotheses applied different channel/interference assumptions. In addition, based on the current specification, CMR selection at the UE side can be done from at most 8 CMRs for non-L1-RSRP/SINR CSI report. So, up to 8 CMRs in a CSI-RS resource set can be a starting point for Rel-17 multi-TRP transmission related CSI enhancement.
Proposal #1: Support up to 8 CMRs for a CSI-RS resource set for NCJT.

As CMR pair is defined, mapping rule between CMR pair and IMR should also be defined. In Rel-15/16, ZP IMR is mapped to CMR based on one-to-one mapping and UE can measure inter-cell/TRP interference on the IMR. In the agreed two options for MTRP CSI, UE needs to calculate and report both per-TRP CSI and NCJT CSI in a single report. For two TRP case, for example, three CSI hypothesis in total, one for NCJT CSI and two for STRP CSI. For each CSI hypothesis, IMR can be included respectively to accommodate different interference hypothesis for each CSI. For example, TRP1 can be an interferer when STRP CSI for TRP2 is calculated, and TRP2 can be an interferer when STRP CSI for TRP1 is calculated. In other words, each TRP can transmit signal on IMR1 and IMR2, respectively, for UE to take the inter-TRP interference into account when it calculates STRP CSI. For NJCT CSI, however, UE needs to compute inter-cell/TRP interference other than both TRP1 and TRP2 on the IMR, meaning that IMR3 is required for NCJT CSI. Inter-layer interference for NCJT can be measured from CMR1 and CMR2, respectively, and background interference plus noise can be measured from IMR3 for NCJT CSI. 
Proposal #2: For the purpose of NCJT CSI calculation, support an independent ZP IMR corresponding to a CMR pair, in addition to two ZP IMRs for STRP CSI corresponding to two CMRs of the CMR pair, respectively.

If additional IMR for CMR pair is introduced, QCL type-D assumption for the IMR needs to be clarified. Since NCJT CSI is for when multiple TRPs transmit data to a UE simultaneously, UE needs to be capable of supporting simultaneous reception with two different beams/panels in FR2. For CSI measurement, the same behavior should be applied as for NCJT data reception to avoid MCS mismatch. In this regard, UE needs to use both Rx beams/panels when measuring the ZP IMR configured for NCJT CSI. 
Proposal #3: UE may assume that the IMR configured for NCJT CSI is QCLed with respect to TypeD with both CMRs.

[bookmark: _GoBack]The number of reported LIs in a CSI report associated with a NCJT measurement hypothesis should be determined based on the maximum number of PTRS ports. The maximum number of PTRS ports can be configured to one even in the case of NCJT transmission as the number of phase noise sources is primarily on UE side rather than network side as intensively discussed in Rel-15. In this regard, UE can report whether to require/support two DL PTRS ports in legacy system. For a UE that requires only one PTRS port, e.g. phase noise sources are well synchronized across different panels, the PTRS port only needs to be transmitted from one of the TRPs, i.e. maxNrofPorts-r16 in PTRS-DownlinkConfig is configured as one. If the maximum number of PTRS ports is configured to one and UE reports two LI values, gNB cannot know the best layer preferred by the UE. Therefore, single LI report across two CMRs should also be supported. 
Proposal #4: For a UE that requires a single PTRS port, support single LI report across both TRPs in addition to the agreed per-TRP LI report.

Enhancements on Type II port selection codebook
The following shows options agreed in the previous meeting for CSI-RS configuration to support low CSI-RS overhead and/or CSI-RS processing complexity.
	Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, study following options (or combinations) for CSI-RS configurations associated with Rel-17 PS codebook for supporting low CSI-RS overhead and/or CSI-RS processing complexity considering the impact on UPT performance under realistic CSI-RS measurement:  
· Option 0: No further CSI-RS enhancement as the baseline
· Option 1: Support configuring a lower CSI-RS density per CSI-RS resource, e.g. 0.25
· Option 2: Support configuring one or multiple CSI-RS patterns per CSI-RS resource associated with Rel-17 PS codebook
· Option 3: Support configuring multiple CSI-RS resources per CSI reporting configuration associated with Rel-17 PS codebook



When gNB compensates estimated DL delay by using DL/UL reciprocity, UE can be expected to do wideband operation for beamformed CSI-RS port. In this case, the impact on measurement performance caused by low CSI-RS density in frequency domain may not be significant, so supporting of low CSI-RS density can be considered to improve overall system performance. 
The main motivation of option 2 and 3 is to provide higher resource utilization flexibility by dividing a resource for a large number of CSI-RS ports, e.g., 1 resource and 32 ports per resource, into small resources corresponding to a small number of ports, e.g., 4 resources and 8 ports per resource. These options cannot help lowering CSI-RS overhead unless combining with Option 1. 
Proposal #5: If enhancement is needed, consider option 1(a lower CSI-RS density per CSI-RS resource) for lower CSI-RS overhead in Rel-17.

	Working assumption:  Support of Mv>1 is a UE optional feature if the UE supports Rel-17 PS codebook enhancement, taking into account UE complexity related to codebook parameters


In the previous meeting, working assumption related to support of Mv>1 was made as captured above. Support of Mv>1 can provide flexibility of UE implementation. And, it is possible to increase configuration flexibility by considering performance and overhead trade-off depending on the scenario or use cases. For example, PMI accuracy can be improved by increasing CSI overhead. So, working assumption should be confirmed. 
Proposal #6: Confirm the working assumption.
- Working assumption:  Support of Mv>1 is a UE optional feature if the UE supports Rel-17 PS codebook enhancement, taking into account UE complexity related to codebook parameters

Conclusion
In this contribution, we discuss on enhancement on CSI measurement and reporting and propose the following based on the discussion.
Proposal #1: Support up to 8 CMRs for a CSI-RS resource set for NCJT.
Proposal #2: For the purpose of NCJT CSI calculation, support an independent ZP IMR corresponding to a CMR pair, in addition to two ZP IMRs for STRP CSI corresponding to two CMRs of the CMR pair, respectively.
Proposal #3: UE may assume that the IMR configured for NCJT CSI is QCLed with respect to TypeD with both CMRs.
Proposal #4: For a UE that requires a single PTRS port, support single LI report across both TRPs in addition to the agreed per-TRP LI report.
Proposal #5: If enhancement is needed, consider option 1(a lower CSI-RS density per CSI-RS resource) for lower CSI-RS overhead in Rel-17.
Proposal #6: Confirm the working assumption.
- Working assumption:  Support of Mv>1 is a UE optional feature if the UE supports Rel-17 PS codebook enhancement, taking into account UE complexity related to codebook parameters
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