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[bookmark: _Ref129681832]In RAN1#103-e meeting, the Rel. 17 NR FeMIMO WID [1] was discussed. The following was agreed [2] on the topic of CSI enhancement for multi-TRP and FDD:
	R1-2009529	Summary of CSI enhancements for MTRP and FDD	Huawei, HiSilicon
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

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

R1-2009530	Summary of Further Email discussion for Rel-17 CSI enhancements	Moderator (Huawei)
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 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
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



In this contribution, we present our views on CSI enhancement for multi-TRP, and proposals for moving forward.

CSI Enhancement for multi-TRP
Measurement Resource Configuration/Association Mechanism 
In RAN1#103-e meeting, the following was agreed regarding the measurement resource configuration/association mechanism.
	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



In the current CSI reporting schemes, the gNB may configure measurement resources to a UE and specify to the UEs which of the measurement resources is for channel measurement (CM), and which is for interference measurement (IM). The measurement resources may include NZP CSI-RS for CM, NZP CSI-RS for IM, and CSI-IM. For each CSI report configuration, a CQI (and possibly other reporting quantities) is associated with some CM resources (CMRs) and IM resources (IMRs). However, to support multi-TRP NCJT, a potentially large number of measurement resource configurations and CQIs of different transmission hypotheses may be needed, leading to a large number of CSI resource configurations and CSI report configurations. This issue may be resolved by associating a group of measurement resources to one CSI report configuration of a UE and let the UE determine or select whether a measurement resource is for CM, IM, or muting.
There are several ways to this aim:
· Option 1: a UE is configured with a group of CMR (or IMR) candidates for a report configuration, and the UE selects some of them for CM (or IM).

An example is illustrated in Table 1 for 2 TRPs, i.e., TRP A and TRP B (shown as A and B in Table 1 for illustration simplicity). The ordered number pair (x,y) in Table 1 represents (TRP A Tx or mute, TRP B Tx or mute).  The value of each of x and y may be 0 or 1, e.g., with 0 representing mute, and 1 representing transmit (Tx).  For example, (1,0) indicates that TRP A transmits and TRP B mutes on resources, and (1,1) indicates that both TRP A and TRP B transmit on the resources, etc. To support various transmission schemes such as no NCJT, dynamic point selection (DPS), or dynamic point blanking (DPB), etc., the UE may select one or more CMR candidates for CM, and one IMR candidate for IM.  The letter “Y” in Table 1 indicates the UE’s selection for each transmission scheme listed.  The UE may report one or more CQIs to a gNB.

Note that some selections may be invalid, e.g., selecting CMR candidate 1 together with IMR candidate 2. These invalid selections need to be informed to the UE.

· Option 2: a UE is configured with a group of NZP resources for a report configuration, and the UE decides whether each of the group of NZP resources is CM, IM, or muting.

This example is illustrated in Table 2. In this example, the UE is configured with a CSI-IM (the UE does not need to decide the type of the CSI-IM because it is already configured for IM) and NZP 1 and NZP 2. The UE determines whether the NZP 1 and NZP 2 are for CM (i.e., “S” shown in Table 2), IM (i.e., “I” shown in Table 2), or muting (i.e., “M” shown in Table 2). 

[bookmark: _Ref46233155]Table 1: Option 1 for NCJT CSI
	
	CMR candidate 1
(1,0)
	CMR candidate 2
(0,1)
	IMR candidate 1
(0,0)
	IMR candidate 2
(1,0)
	IMR candidate 3
(0,1)

	DPS: A serve, B intf
	Y
	
	
	
	Y

	DPS: A intf, B serve
	
	Y
	
	Y
	

	A B SDM
	Y
	Y
	Y
	
	

	DPB: A serve, B mute
	Y
	
	Y
	
	

	DPB: B serve, A mute
	
	Y
	Y
	
	



[bookmark: _Ref46233842]Table 2: Option 2 for NCJT CSI (UE does not need to decide on the CSI-IM column)
	
	NZP 1 
(1,0)
	NZP 2 
(0,1)
	CSI-IM
 (0,0)

	DPS: A serve, B intf
	S
	I
	I

	DPS: A intf, B serve
	I
	S
	I

	A B SDM
	S
	S
	I

	DPB: A serve, B mute
	S
	M
	I

	DPB: B serve, A mute
	M
	S
	I



From the above examples, it seems both options can support more dynamic signal/interference hypotheses for M-TRP NCJT CSI, but Option 2 is more efficient and cleaner. Option 2 can also be used for URLLC link adaptation enhancement. Therefore, Option 2 is preferred. That is, a UE is configured with RS resources for CSI measurement and reporting, however, the gNB does not specify whether the configured RS resources are for CM, IM or muting (blanking, non-serving non-interfering). Instead, a UE determines whether a RS resource is for CM or IM, or muting, i.e., determine what type of resource that the RS resource is. A type of resource may be a resource for CM, a resource for IM, or a muting resource. The UE performs measurement on RSs transmitted on the RS resources, and determines and reports a type for a RS resource based on certain criteria/requirement (such as the highest CQIs), and report the resulting CSI and the determinations in the CSI reporting.
Based on the above analysis, we propose the following:
Proposal 1: FeMIMO supports associating a group of measurement resources to one CSI report configuration of a UE and let the UE determine or select whether a measurement resource is for CM, IM, or muting. 
UE Reporting Mechanism 
In RAN1#103-e meeting, the following was agreed regarding the UE reporting mechanism.
	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


Comparing the three alternatives, we observed that Alt 3 is actually a super set that can cover both Alt 1 and Alt 2 when “report a subset of the CSI report quantities” is supported.  In Alt 3, the whole set of report quantities include the following three CSIs:
· CSI 1: CSI associated with the best single-TRP measurement hypothesis
· CSI 2: CSI associated with the second best single-TRP measurement hypothesis
· CSI 3: CSI associated with the best NCJT measurement hypothesis
If just a subset of the CSI report quantities are reported, e.g., CSI 1 and CSI 3, then Alt 3 becomes Alt 1.  If just the best one among CSIs 1, 2, and 3 is reported, then Alt 3 becomes Alt 2.  So Alt 3 is more flexible and can support both Alt 1 and Alt 2.
Based on the above analysis, we propose the following:
Proposal 2: Regarding UE reporting mechanism, FeMIMO supports 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. FeMIMO also support reporting a subset of the CSI report quantities.
CSI Reporting Contents 
In RAN1#103-e meeting, the following was agreed regarding the CSI reporting contents.
	Agreement
[bookmark: _Hlk60920756]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


One FFS item from the above agreement is the number of CRI(s) to be reported in a CSI report.  As can be observed in the agreement, “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” has been agreed as part of the report quantities.  Each of the two RIs, two PMIs, and two LIs are for each of the TRPs participating in the NCJT.  The UE should also report the CSI RS(s) associated with each of the RIs, PMIs, and LIs reported.  Therefore, two CRIs should be reported in a CSI.
Based on the above analysis, we propose the following:
Proposal 3: 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 CRIs, 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

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: FeMIMO supports associating a group of measurement resources to one CSI report configuration of a UE and let the UE determine or select whether a measurement resource is for CM, IM, or muting. 
Proposal 2: Regarding UE reporting mechanism, FeMIMO supports 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. FeMIMO also support reporting a subset of the CSI report quantities.
Proposal 3: 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 CRIs, 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
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