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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#104b-e meeting, the Rel. 17 NR FeMIMO WID [1] was discussed. Some agreements were achieved [2] on the topic of CSI enhancement for multi-TRP and FDD.  In this contribution, we present our views on CSI enhancement for multi-TRP, and proposals for moving forward.

CSI Enhancement for multi-TRP
CMR Measurement Resource Configuration/Association Mechanism 
In RAN1#104-e and 104b-e meetings, the following was agreed regarding the CMR measurement resource configuration for NCJT measurement hypotheses.
	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 
[bookmark: _Hlk71028436]Whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses, study following Alternatives and down-select one Alternative in RAN1#105-e:
· Alt 1: It is feasible for FR1 but not for FR2.
· [bookmark: _Hlk71028476]Alt 2: It is feasible for both FR1 and FR2 but subject to further UE capability for FR2.



As indicated in the agreements above, it needs to be decided whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses in FR2.  In our view, if an UE has the capability to support measuring (m, a) and (m, b) at the same time in FR2, a NZP CSI-RS resource m should be allowed to be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses in FR2.  This way, the overhead of NZP CSI-RS resources configured for NCJT measurement hypotheses can be reduced.   
Based on the above analysis, we propose the following:
Proposal 1: Regarding whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses, FeMIMO supports Alt 2: It is feasible for both FR1 and FR2 but subject to further UE capability for FR2. 
In RAN1#104b-e meetings, the following was agreed regarding the CMR measurement resource configuration for NCJT and single-TRP measurement hypotheses.
	Agreement 
[bookmark: _Hlk71030104]Whether a NZP CSI-RS resource can be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis, study following Alternatives and down-select one Alternative in RAN1#105e:
· Alt 2: It is feasible for FR1 but it is not for FR2. For FR2, the UE is expected to have different NZP CSI-RS resources configured for all CMRs of Single-TRP and NCJT measurement hypotheses respectively.
· [bookmark: _Hlk71030142][bookmark: _Hlk71028977]Alt 3: It is feasible in both FR1 and FR2 but subject to UE capability for FR2. If a UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses, otherwise they cannot.



The key advantage of Alt 3, where two CMRs from a CMR pair configured for a NCJT measurement hypothesis are allowed to be used for single-TRP measurement hypotheses, is the saving on overhead of NZP CSI-RS resources configured for NCJT and single-TRP measurement hypothesis.  For example, assuming N=1 and Ks = 2, the first CMR group comprises CMR #0 and the second CMR group comprises CMR #1, and the CMR pair (#0, #1) is higher-layer configured as NZP CSI-RS resource pair for NCJT measurement hypothesis.  With Alt 3,  both CMR #0 and CMR #1 are allowed to be used for single-TRP measurement hypotheses.  With Alt 2, on the other hand, there is no way to have CMRs for single-TRP measurement hypotheses since both CMR #0 and CMR #1 are configured for NCJT measurement hypothesis and they are not allowed to be configured for single-TRP measurement hypothesis under Alt 2.  To enable sing-TRP measurement hypothesis, Alt 2 will then require two more NZP CSI-RS resources, e.g., CMR #2 and CMR #3, to support the same number of single-TRP measurement hypotheses as in Alt 3.  In this case, we observe that the overhead of the required NZP CSI-RS resources in Alt 3 is just half of that required in Alt 2. 
Based on the above analysis, we propose the following:
Proposal 2: Regarding whether a NZP CSI-RS resource can be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis, FeMIMO supports Alt 3: It is feasible in both FR1 and FR2 but subject to UE capability for FR2. If a UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses, otherwise they cannot. 
CSI-IM Measurement Resource Configuration/Association Mechanism 
In RAN1#104b-e meetings, the following was agreed regarding the CSI-IM measurement resource configuration for NCJT and single-TRP measurement hypotheses.
	For future meetings:
Companies to study whether a CSI-IM can be referred by both NCJT and Single-TRP measurement hypotheses. Consider following Alternatives and FR1/FR2 differentiation:
· [bookmark: _Hlk71031081]Alt 1: CSI-IM can be shared by both NCJT and Single-TRP measurement hypotheses.
· Alt 2: A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measurement hypothesis or a CMR pair for NCJT measurement hypothesis



The key advantage of Alt 1, where CSI-IM can be shared by both NCJT and single-TRP measurement hypotheses, is the saving on overhead of CSI-IM resources configured for NCJT and single-TRP measurement hypothesis.  Using the example shown above, where N=1 and Ks = 2, the first CMR group comprises CMR #0 and the second CMR group comprises CMR #1, the CMR pair (#0, #1) is higher-layer configured as NZP CSI-RS resource pair for NCJT measurement hypothesis, and CMR #0 and CMR #1 are used for single-TRP measurement hypotheses.  In this example, there are a total of three measurement hypotheses, one for NCJT measurement hypothesis and two for single-TRP hypotheses.  With Alt 1, only one CSI-IM resource is needed since it can be shared by both NCJT and single-TRP measurement hypotheses.  With Alt 2, however, three CSI-IM resources are needed, one for each of the three measurement hypotheses.  In this case, we observe that the overhead of the required CSI-IM resources in Alt 1 is just one third of that required in Alt 2.
Based on the above analysis, we propose the following:
Proposal 3: Regarding whether a CSI-IM can be referred by both NCJT and Single-TRP measurement hypotheses, FeMIMO supports Alt 1: CSI-IM can be shared by both NCJT and Single-TRP measurement hypotheses. 

Conclusions
In this contribution, we present our views on CSI enhancement for multi-TRP.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: Regarding whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses, FeMIMO supports Alt 2: It is feasible for both FR1 and FR2 but subject to further UE capability for FR2. 
Proposal 2: Regarding whether a NZP CSI-RS resource can be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis, FeMIMO supports Alt 3: It is feasible in both FR1 and FR2 but subject to UE capability for FR2. If a UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses, otherwise they cannot.
Proposal 3: Regarding whether a CSI-IM can be referred by both NCJT and Single-TRP measurement hypotheses, FeMIMO supports Alt 1: CSI-IM can be shared by both NCJT and Single-TRP measurement hypotheses.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref45631853][bookmark: _Ref6583376][bookmark: _Ref167612875][bookmark: _Ref167612671]RP-193133, “New WID: Further enhancements on MIMO for NR”, Samsung, RAN#86.
[bookmark: _Ref17737264]3GPP RAN1, RAN1#104b-e, Chairman Notes
