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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
Port selection codebook enhancements utilizing DL/UL reciprocity of angle and/or delay is supported in Rel-17.

Agreement
Rel-17 CSI measurement and reporting for DL multi-TRP and/or multi-panel transmission shall be enhanced to support and enable more dynamic channel/interference hypotheses for NCJT.

Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, [at least for multi-DCI based and single-DCI based schemes (scheme 1a)], NZP CSI-RS resources for channel measurement are associated to different TRPs/TCI states at resource level 
· CMRs corresponding to different TRPs respectively shall be configured within the same resource set (i.e. scheme 1-2) and have the same number of ports among CMRs.
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Note that RAN1 shall strive to finalize NCJT CSI enhancement with single reporting setting firstly. 
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI

Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report 
· two RIs, two PMIs, two LIs and one CQI per codeword, for single-DCI based NCJT when the maximal transmission layers is less than or equal to 4
· FFS: Maximal transmission layers larger than 4
· FFS: Whether/how a subset of above reporting quantities are allowed to be configured to the UE
· FFS: whether/how to support two RIs, two PMIs, two LIs and two CQIs, for multi-DCI based NCJT 
· FFS: whether/how to support CRI(s) to be reported in a CSI 
· FFS: restrictions among reported CSI quantities, e.g. among reported RIs and PMIs
· FFS: whether/how to support non-PMI based port-selection
· FFS: whether/how to support single value of reported LI
Note that other NCJT CSI measurement/reporting enhancement for other scenarios is not precluded, e.g. for HST-SFN

Agreement
For NCJT CSI measurement configured with single reporting setting, study following measurement resource configuration/association mechanism
· Whether/how to support interference measurement based on NZP CSI-RS given by nzp-CSI-RS-ResourcesForInterference or based on CSI-IM given by csi-IM-ResourcesForInterference
· Whether/how to interpret measurement based on CMRs associated with different TRPs/TCI states respectively for a NCJT measurement hypothesis
· CMR/IMR resource configuration restrictions/associations, e.g. for reference resource/time domain behavior/frequency domain behavior   
· Note that RAN1 shall strive for commonality of CSI measurement/reporting mechanisms for NCJT CSI measurement configured by single or two reporting settings



Discussion
Enhancements on multi-TRP transmission
	Agreement
For a CSI reporting setting, support one or more of the following UE reporting mechanism: 
· Alt 1: the UE can be expected to report one CSI associated with the best single-TRP measurement hypothesis and one CSI associated with the best NCJT measurement hypothesis, if configured  
· FFS omission of CSI associated with NCJT measurement hypothesis
· Alt 2: the UE can be expected to report one CSI associated with the best one among NCJT and/or single-TRP measurement hypotheses, if configured
· FFS how to report recommended measurement hypothesis associated with that CSI report
· Alt 3:  the UE can be expected to report two CSIs associated with the two best single-TRP measurement hypotheses associated with CMRs from two TRPs and one CSI associated with the best NCJT measurement hypothesis, if configured  
· FFS omission of CSI associated with NCJT measurement hypothesis
· Whether/How to report a subset of the CSI report quantities
· FFS: CSI reporting configuration details 
Note supporting which one or more mechanisms is to be determined in RAN1#104-e



In the previous meeting, there was an agreement about reported measurement hypotheses related to three alternatives as captured above. Comparing the three alts, Alt2 provides a single CSI, while Alt1/Alt3 provide one or two CSIs for S-TRP hypothesis and one CSI for NCJT hypothesis. A key question between Alt2 and Alt1/3 is whether NCJT CSI is a useful information when it is inferior to single TRP CSI. If the answer is yes, we may consider Alt1 or Alt3 but we think that NCJT CSI is useful only when it is superior to S-TRP CSI. From this perspective, Alt1 or Alt3 only increases CSI overhead.
Proposal #1: Support Alt 2. 
· Alt 2: The UE can be expected to report one CSI associated with the best one among NCJT and/or single-TRP measurement hypotheses, if configured.

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 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, CMR set selection from up to 8 CMRs can be a starting point for Rel-17 multi-TRP transmission related CSI enhancement.
Proposal #2: UE selects 1 or 2 CMRs from up to 8 CMRs for S-TRP or NCJT transmission.

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 1 even in the case of NCJT transmission. If the maximum number of PTRS ports is configured to 1 and UE reports two LI values, gNB cannot know the best layer preferred by the UE. As a result, reporting two LI values irrespective of the maximum number of PTRS ports can cause unnecessary CSI payload and performance degradation. 
Proposal #3: The number of reported LI values in a CSI report associated with a NCJT measurement hypothesis should be determined by the maximum number of PTRS ports, i.e., maxNrofPorts-r16 in PTRS-DownlinkConfig.

	Working Assumption
For CSI measurement for multi-DCI based NCJT, down select one of following two options:
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
· Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is configured for interference measurement from another TRP
· FFS:  how interference from CMR in the linked reporting settings in option 1 or from the NZP CSI-RS configured as IMR in option 2 is considered in CQI calculation
Following restrictions apply to both options:
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported;
· The number of ports of two CMRs associated to two reporting settings for NCJT CSI measurement are the same;
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI



In the previous meeting, working assumption related to CSI measurement for multi-DCI based NCJT was made as captured above. The main use case of the working assumption is when TRPs are connected by non-ideal backhaul. Considering independent L1/L2 processing across different TRPs, independent CSI reports is required in this case while NC-JT CSI is still needed at gNB side for when M-DCI based NC-JT transmission is performed. Comparing Option1 and Option2, we prefer Option1 since it is ambiguous how to accommodate UE-preferred PMI for other TRP in the CSI calculation in Option2. Current NZP IMR works only when gNB know best PMI for the interfering source because gNB have to use beamformed port(s) for the NZP IMR. Thus it is a common understanding that it is useful for MU-MIMO transmission only, meaning that gNB acquires PMI1/RI1 in CSI1 from UE1, and then generates beamformed port(s) by using PMI1/RI1 for CSI2 for UE2. This is for MU-MIMO transmission for UE1 and UE2. This mechanism does not work for NCJT transmission because of non-ideal backhaul between the two TRPs. Specifically, even if TRP 1 generates beamformed NZP IMR for CSI 2 and UE reports CSI 2 to TRP 2, TRP 2 does not know whether and when TRP 1 changes its transmission beam due to backhaul delay so that CSI 2 reflects incorrect interference from TRP 1. Instead, in this case, joint searching/computation of CSI1 and CSI2 is needed at the UE side, i.e., UE needs to compute CSI1 by assuming PMI2 is applied on CMR2 and compute CSI2 by assuming PMI1 is applied on CMR1. To this end, Option1 is much simpler/cleaner solution as UE can jointly compute CSI1 and CSI2 according to the association between CSI reports configured by gNB.
Proposal #4: Support Option 1(Explicit association between CSI reporting settings).

Enhancements on Type II port selection codebook
The following shows alternatives agreed in the previous meeting to decide a baseline codebook structure for Rel-17 port selection codebook 
	Agreement
· Study following alternatives, and select one or a combination of multiple alternatives for Rel-17 in RAN1#104-e:
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Based on relationship between CSI-RS ports and SD-FD bases, the alternatives can be classified into two categories as follows. 
- Category 1: Single SD-FD basis to single CSI-RS port
: Alt1, Alt3-0, Alt4
- Category 2: Multiple SD-FD bases to single CSI-RS port
: Alt2, Alt3-1, Alt3-2, Alt5
Regarding alternatives in category 2, we should consider the following aspects. Firstly, these alternatives may rely on mapping of multiple SD-FD bases to a CSI-RS port in FDMed or CDMed manner. So these alternatives would create misalignment with the definition of ‘antenna port’ in the specification, and we definitely should avoid introducing a new definition of ‘antenna port’ for this specific optimization. Secondly, multiple SD-FD bases mapped to the same CSI-RS port can be selected together. So this increases inefficiency because it is not possible to freely select SD-FD bases preferred by a UE among all candidate SD-FD bases. Lastly, these alternatives require additional UE complexity for the reception of beamformed CSI-RS ports. As a result, alternatives in category 2, i.e., Alt2, Alt3-1, Alt3-2, and Alt5, should be avoided.
Proposal #5: Alternatives based on multiple SD-FD bases to single CSI-RS port for baseline codebook structure, i.e., Alt2, Alt3-1, Alt3-2, and Alt5, should be avoided.

Regarding alternatives in category 1, Alt3-0 should have priority over the other alternatives, i.e., Alt 1 and Alt4. Firstly, multiple CSI-RS ports mapped to the same port group can be selected together in Alt4. So this increases inefficiency for the same reason as in category 2. Secondly, Alt1 can be also supported by Alt3-0, since reporting of DFT based compression matrix in Alt3-0 can be omitted based on gNB configuration/indication. Then, Alt3-0 can provide the same functionality as Alt1. So Alt3-0 can provide more flexibility than Alt1. 
Proposal #6: Support Alt3-0 as a baseline codebook structure in Rel-17 Type 2 PS CB. 

In the previous meeting, there was a discussion about whether to support more SD-FD bases than CSI-RS ports. In our view, this issue is related to whether to support more than 32 CSI-RS ports because multiple SD-FD bases for a CSI-RS port should be deprioritized due to the definition of ‘antenna port’ as mentioned above. Regarding supporting of more than 32 CSI-RS ports, the first candidate approach is introducing of new CSI-RS pattern for more than 32 CSI-RS ports. However, in our view, introducing a new CSI-RS pattern should be deprioritized considering its performance benefit compared to its huge impact on standardization, including impact on other WGs, e.g. RAN4. The second candidate approach is supporting more than 32 CSI-RS ports across multiple CSI-RS resources for a CSI report. Based on the current specification, at most 8 CMRs can be supported for non-beam related CSI report, and at most 16/ 8 CSI-RS ports for each resource can be configured for up to 2 CMRs/ more than 2 CMRs, respectively. So maximum 64 CSI-RS ports across multiple CSI-RS resources can be supported based on the current specification. In our view, this approach can be considered for further discussion for supporting more than 32 CSI-RS ports. However, in this case, large CSI-RS overhead would be problematic. So without CSI-RS overhead reduction techniques, the benefit is still questionable. 
[bookmark: _GoBack]Proposal #7: Support of more than 32 CSI-RS ports should be deprioritized unless clear benefit is observed. 

Conclusion
In this contribution, we discuss on enhancement on CSI measurement and reporting and propose the following based on the discussion.
Proposal #1: Support Alt 2. 
· Alt 2: The UE can be expected to report one CSI associated with the best one among NCJT and/or single-TRP measurement hypotheses, if configured.
Proposal #2: UE selects 1 or 2 CMRs from up to 8 CMRs for S-TRP or NCJT transmission.
Proposal #3: The number of reported LI values in a CSI report associated with a NCJT measurement hypothesis should be determined by the maximum number of PTRS ports, i.e., maxNrofPorts-r16 in PTRS-DownlinkConfig.
Proposal #4: Support Option 1(Explicit association between CSI reporting settings).
Proposal #5: Alternatives based on multiple SD-FD bases to single CSI-RS port for baseline codebook structure, i.e., Alt2, Alt3-1, Alt3-2, and Alt5, should be avoided.
Proposal #6: Support Alt3-0 as a baseline codebook structure in Rel-17 Type 2 PS CB. 
Proposal #7: Support of more than 32 CSI-RS port should be deprioritized unless clear benefic is observed. 
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Alt 3 , Alt 4 , and Alt5 :   Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 𝐇 ,    study following detailed design of matrices    𝐖 𝟏   and    𝐖 𝐟   , at least for rank 1.      Alt3:  𝐖 𝟏 ∈ ℕ   P CSI − RS × K 1 ( K 1 ≤   P CSI − RS )   is a port selection matrix in order to freely select  K 1   ports  out of  P CSI − RS   CSI - RS ports or   K 1 2   ports out of  P CSI − RS 2   CSI - RS ports    (FFS polarization - common/specific selection)  whereas each column of   𝐖 𝟏   has only one element of “1 ”   o   Alt3 - 0 (one SD - FD /SD   pair per port): 𝐖 𝐟 ∈ C N 3 ×   M v (   M v   ≤ N 3 )   is a DFT based compression  matrix  (FFS: configured/indicated to the UE and/or selected/reported by the UE) ,  whereas  N 3   = N CQISubband *R and    𝐌 𝐯 ≥ 1 .    o   Alt3 - 1 (Multi - SD - FD  pairs per port): 𝐖 𝐟 ∈ C N 3 ×   M v (   M v ≤ N , N   ≤ N 3 )   is a DFT matrix  selected by the UE from N pre - configured/pre - defined DFT vectors ,  whereas  N 3   =  N CQISubband *R and    𝐌 𝐯 ≥ 1 .       FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports      Note that    M v = N   is not excluded by gNB/codebook configuration.    o   Alt3 - 2  (Multi - SD - FD /SD   pairs per port):   𝐖 𝐟 ∈ ℕ K 3 × M ( M ≤ K 3 )   is a   selection matrix in  order to select M SD - FD basis whereas  each column of   𝐖 𝐟   has only one element of “1”,       FFS the mechanism of conveying SD - FD beamforming bases using CSI - RS ports      N ote that  𝐖 𝐟   can be an identity matrix  
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   Alt4 :  𝐖 𝟏 ∈ ℕ   P group × K 4   ( K 4   ≤   P group )   is a port - group selection  matrix   to  freely  select  K 4   groups  out of   P group   port group s or  K 4 / 2    groups  out of   P group / 2   port group s   (FFS polarization - common/specific selection)   whereas  P CSI − RS   CSI - RS ports in a resource are divided into  P group   group s   with  K 5   ports per group, and each port group corresponding to the same SD basis   o     𝐖 𝐟 ∈ ℕ K 5 × M ( M ≤ K 5 )   is  a  selection  matrix  to select the same M ports across all port groups  each column of   𝐖 𝐟   has only one element of “1” .       Alt5:  𝐖 𝟏 ∈ ℕ   P SD − FD × K 2 ( K 2 ≤   P SD − FD   =   O f P CSI − RS , , O f ≥ 1 )   is a SD - FD  basis  selection  matrix  in  order  to  freely  select    K 2   bases out of  P SD − FD   bases or   K 2 2   bases out of   P SD − FD 2   bases (FFS  polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”   o   𝐖 𝐟 ∈ C N 3 ×   M v (   M v ≤ N , N   ≤ N 3 )   is a DFT based compression matrix (FFS:  configured/indicated to the UE and/or selected/reported by the UE) ,  whereas  N 3   =  N CQISubband *R and    𝐌 𝐯 ≥ 1 .   o   FFS the mechanism of conveying SD - FD beamforming bases using CSI - RS ports  
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Alt 0 :  Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐   or     𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 𝐇 ,    𝐖 𝟏   can be an identity matrix  
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Alt 1 and  Alt 2 :   Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐 ,    study following detailed design of matrices   𝐖 𝟏 ,   at least for rank 1.      Alt 1:  𝐖 𝟏 ∈ ℕ   P CSI − RS × K 1 ( K 1 ≤   P CSI − RS )   is a port selection matrix  in order to freely select  K 1   ports  out of  P CSI − RS   CSI - RS ports or   K 1 2   ports out of   P CSI − RS 2   CSI - RS ports   (FFS polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”      Alt2 :  𝐖 𝟏 ∈ ℕ   P SD − FD × K 2 ( K 2 ≤   P SD − FD   =   O f P CSI − RS , , O f ≥ 1 )   is a SD - FD  basis  selection  matrix  in  order  to  freely  select    K 2   bases out of  P SD − FD   bases or   K 2 2   bases out of   P SD − FD 2   bases  (FFS  polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”   o   FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports  


