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In RAN1#104-bis-e the RAN1 Rel-16 UE feature list has been updated in [1]. In this contribution we address the remaining issue regarding MIMO FGs, as summarized in [2]. 
2	Resource counting for MIMO FGs 
In [2], the following conclusion has been agreed upon:Conclusion: 
· If one resource is used for one or multiple of BFD/RLM, it is counted as one (basic usage1)
· If one resource is used for one or multiple of NBI/PL-RS/RSRP, add 1 (basic usage 2)
· If one resource is used for L1-SINR in addition to basic usage 1 & 2, add N if referred N times by one or more CSI Reporting Settings



Unfortunately, RAN1 was unable to conclude on the exact way to capture the conclusions above in the feature list, as some companies still showed concerns on how the resources are counted in some cases. In one attempt to simplify the definition it has been proposed to limit the definition to 1-port RS and leave the other RS definitions open. However, this is incomplete, given that in TS 38.215 [3] CSI-RSRP is defined for 1 and 2 ports:For CSI-RSRP determination CSI reference signals transmitted on antenna port 3000 according to TS 38.211 [4] shall be used. If CSI-RSRP is used for L1-RSRP, CSI reference signals transmitted on antenna ports 3000, 3001 can be used for CSI-RSRP determination.


It is our understanding that the main concern raised by companies is for the cases where more than 1-port RS may be configured, as the UE would then need to process a CDM operation in addition to regular CSI-RS processing. A simple way to address this issue is to consider the CDM operation as one factor in determining the resource counting. 
Proposal: Consider the CDM operation as one factor in determining the resource counting.



	




2	Potential ways forward 
In the table below we make proposals on how to capture the CDM operation in the feature descriptions. The text in red is from tentative agreements in [2], with modifications in yellow highlights. In the version below, the note is describing only the handling of CSI-RS/CSI-IM, as there is no ambiguity on how SSB is counted.
	
	16-1a-1
	SSB/CSI-RS for L1-SINR measurement
	Per slot limitations:
1. The max number of SSB/CSI-RS (1Tx) for CMR 
2. The max number of CSI-IM/NZP-IMR resources 
3.  The max number of CSI-RS (2Tx) resources for CMR

Memory limitations:
4. The max number of SSB/CSI-RS resources as CMR
5. The max number of CSI-IM/NZP IMR resources

Other limitations:
6. Supported density of CSI-RS (CMR)
7. The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-SINR (including CMR and IMR) shall not exceed MD_1
8. Supported SINR measurements

	2-21, 2-22 or 2-23, 2-23a
	Yes 
	N/A
	
	Per band
	No
	No
	
	Component 1: Candidate values {8, 16, 32, 64}

Component 2: Candidate values {8, 16, 32, 64}

Component 3: Candidate values {0, 4, 8, 16, 32, 64}

Component 4: Candidate values {8, 16, 32, 64 , 128}

Component 5: Candidate values {8, 16, 32, 64 , 128}

Component 6: Candidate values {‘1 only’, ‘3 only’, ‘1 and 3’}
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Component 8: Candidate values: bitmap with entries {SSB as CMR with dedicated CSI-IM, SSB as CMR with dedicated NZP IMR, CSI-RS as CMR with dedicated NZP IMR configured, CSI-RS as CMR without dedicated IMR configured} 

If a UE supports FG 16-1a-1 it must support CMR(CSI-RS) + dedicated CSI-IM 

Note1: The reference slot duration is the shortest slot duration defined for the FR where the reported band belongs

Note2: For component 4 and 5 the configured CSI-RS resources for both active and inactive BWPs are counted

Note3: For components 1, 2 and 3, CSI-RS resources configured as CMR without dedicated IMR are counted both as CMR and IMR

Note4: For components 1, 2, 3, 7, a SSB/CSI-RS resource is counted within the duration of a reference slot in which the corresponding reference signals are transmitted

Note5:  For components 1, 2, 3, 7, if one resource used for L1-SINR measurement is referred N times by one or more CSI reporting settings with reportQuantity-r16= ssb-Index-SINR-r16 or cri-SINR-r16, it is counted N times.
	Optional with capability signalling

	
	16-1g
	Resources for beam management, pathloss measurement, BFD, RLM and new beam identification 
	1. The maximum total number of SSB/CSI-RS/CSI-IM resources configured to measure within a slot across all CCs in one frequency range for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification
2.  The maximum total number of SSB/CSI-RS/CSI-IM resources configured across all CCs in one frequency range for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification
	2-24, 2-31
	Yes

	N/A
	
	Per UE
	No
	Yes
	
	Component-1: candidate value set is {2, 4, 8, 12, 16, 32, 64, 128}

Component-2: candidate value set is {2, 4, 8, 12, 16, 32, 40, 48, 64, 72, 80, 96, 128, 256}

Note: For RS configured for new beam identification, they are always counted regardless of beam failure event

Note: The “configure to measure” RS (component1) only counts those in active BWP but the configured RS (component2) counts all configured including both active and inactive BWP
Note: the reference  slot duration is the shortest slot duration defined for the reported FR supported by the UE

Note: The “configured to measure” RS is counted within the duration of a reference slot in which the corresponding reference signals are transmitted

Note: Regarding the "configured to measure” RS counting
· If  one CSI-RS/CSI-IM resource is used for one or multiple of BFD/RLM, it is counted as (1 x the CDM order for the RS) (basic usage1)
· If  one CSI-RS/CSI-IM resource is used for one or multiple of NBI (New Beam Identification)/PL-RS/L1-RSRP, add (1 x the CDM order for the RS) (basic usage 2) 
· L1-RSRP measurement includes cases associated with reports with reportQuantity set to ‘ssb-Index-RSRP’, ‘cri-RSRP’ or with reportQuantity set to  'none' and CSI-RS-ResourceSet with higher layer parameter trs-Info is not configured
· If  one resource is used for L1-SINR in addition to basic usage 1 & 2, add (N times the CDM order for the RS) if referred N times by one or more CSI Reporting Settings with reportQuantity-r16= ‘ssb-Index-SINR-r16’ or ‘cri-SINR-r16’
	Optional with capability signaling

	
	16-1g-1
	Resources for beam management, pathloss measurement, BFD, RLM and new beam identification across frequency ranges
	1. The maximum total number of SSB/CSI-RS/CSI-IM resources configured to measure within a slot across all CCs for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification
2. The maximum total number of SSB/CSI-RS/CSI-IM resources configured across all CCs for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification
	2-24, 2-31, 16-1g
	Yes
 
	N/A
	 
	Per UE
	No
	No
	 
	Component-1: candidate value set is {2, 4, 8, 12, 16, 32, 64, 128}
Component-2: candidate value set is {2, 4, 8, 12, 16, 32, 40, 48, 64, 72, 80, 96, 128, 256}
Note: This FG indicates the maximum number of resources across all FR(s) that are supported by the UE

Note: The signalled values apply to the shortest slot duration defined in any FR(s) that are supported by the UE 

Note: The “configured to measure” RS is counted within the duration of a reference slot in which the corresponding reference signals are transmitted

Note: Regarding the "configured to measure” RS counting
· If one CSI-RS/CSI-IM resource is used for one or multiple of BFD/RLM, it is counted as (1 x the CDM order for the RS) (basic usage1)
· If one CSI-RS/CSI-IM resource is used for one or multiple of NBI (New Beam Identification)/PL-RS/L1-RSRP, add (1 x the CDM order for the RS) (basic usage 2) 
· L1-RSRP measurement includes cases associated with reports with reportQuantity set to ‘ssb-Index-RSRP’, ‘cri-RSRP’ or with reportQuantity set to  'none' and CSI-RS-ResourceSet with higher layer parameter trs-Info is not configured
· If  one resource is used for L1-SINR in addition to basic usage 1 & 2, add (N times the CDM order for the RS) if referred N times by one or more CSI Reporting Settings with reportQuantity-r16= ‘ssb-Index-SINR-r16’ or ‘cri-SINR-r16’
	Optional with capability signaling



Proposal: Adopt the changes above to 16-1a-1, 16-1g, and 16-1g-1.
4	Conclusions
In this contribution, we have made the following proposals on the remaining issues of MIMO UE features:
Proposal: Consider the CDM operation as one factor in determining the resource counting.
Proposal: Adopt the changes above to 16-1a-1, 16-1g, and 16-1g-1.
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