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1. Introduction
This contribution summarizes the following email discussion.

[103-e-NR-TEIs-02] Email discussion/approval for potential CR(s) and reply LS for maximum number of configurable CSI-RS resources for L3 mobility (26th - 29th Oct) – Hiroki (DCM)
· Discuss necessary update of TS38.214 5.1.6.1.3 to increase maximum number of configurable CSI-RS resources for L3 mobility according to RAN4 request
· Discuss whether/how to introduce new UE capability for the increased maximum number of configurable CSI-RS resources for L3 mobility
· Discuss reply LS to RAN4 (and RAN2)



2. Maximum number of configurable CSI-RS resources for L3 mobility
In [2], according to RAN4 LS [7], it is proposed to discuss on following two options to increase maximum number of configurable CSI-RS resources for L3 mobility. Corresponding TPs for TS38.214 are also provided.
· Option 1: Simply update the maximum number of CSI-RS with associated SSB in Rel-16 without any new associated UE capability. Rel-15 specification will have the existing 96 limitation, but Rel-16 specification will have the new 192 limitation. 
· Option 2: Introduce a new UE capability and depending on the UE capability, introduce 196 maximum number of CSI-RS with associated SSB.
	RAN4 has sent a LS to RAN1 and RAN2 in [1]. RAN4 asks RAN1 and RAN2 revisit the maximum number of CSI-RS resources per MO. The following is a copy of the contents of the LS.

	RAN4 is defining measurement requirements for CSI-RS based mobility when single MO is configured per frequency layer in Rel-16. During the discussion, it is found desirable to allow network to configure more than 96 CSI-RS resources with the same centre frequency. 
Therefore, RAN4 kindly asks RAN1 and RAN2 to increase the number of configurable CSI-RS resources per MO from 96 (as indicated in R1-1905909 and captured in current RAN1/2 specifications) to 192, only for the case when CSI-RS is configured with associated SSB.



The maximum number of configurable CSI-RS resource for RRM per MO was decided in RAN1#91 and updated in RAN1 #92 and #92bis.

	Agreements from RAN1 #91:
· For each CSI-RS resource, at most one associated SSB can be configured 
· If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer
· M>=1 number of CSI-RS resources per associated SSB can be configured
· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer
· In this case, UE may assume that the carrier is synchronized with the serving cell.
· FFS UE is not required to perform measurement based on CSI-RS if the corresponding cell ID is not detected

	Agreements from RAN1 #92:
	
	Value Range

	ssb-Index
	0, .., 63

	maxNrofCSI-RS-CellsRRM
	96 in case associated-SSB is configured
64 in case associated-SSB is not configured

	MaxNrofPCIsPerSMTC
	64




	Agreement from RAN1 #92bis:
Agreements:
· For FR1: support alt 1 with total maximum number of CSI-RS for L3 mobility as 64.
· For FR2: Support alt 2.
· Alt 1 & Alt 2
· Alt 1) NR supports configuration of mixture of CSI-RS resources with associated SSB and without associated SSB in the same measurement object (e.g. same carrier frequency)
· Alt 2) NR does not supports configuration of mixture of CSI-RS resources with associated SSB and without associated SSB in the same measurement object (e.g. same carrier frequency)




The limitation of the maximum of be CSI-RS resource per MO is limited in RAN1 specification (TS38.214) and RAN2 specifications (TS38.331). The RRC specifications (TS38.331) has a limit of maximum number of CSI-RS configuration per cell per MO to be 96, where number of cells is configured per MO is 96. Given that maximum theorical limit for configuration per MO is actually 96 x 96 = 18816 CSI-RS resources. Therefore, we expect no change to RAN2 specification is needed to accommodate the request from RAN4. The following is a copy of relevant RRC specifications.

	maxNrofCSI-RS-CellsRRM INTEGER ::= 96 -- Maximum number of cells with CSI-RS resources for an RRM measurement object
maxNrofCSI-RS-ResourcesRRM INTEGER ::= 96 -- Maximum number of CSI-RS resources for an RRM measurement object 
maxNrofCSI-RS-ResourcesRRM-1 INTEGER ::= 95 -- Maximum number of CSI-RS resources for an RRM measurement object minus 1

CSI-RS-ResourceConfigMobility ::= SEQUENCE { 
	subcarrierSpacing SubcarrierSpacing, 
	csi-RS-CellList-Mobility SEQUENCE (SIZE (1..maxNrofCSI-RS-CellsRRM)) OF CSI-RS-CellMobility, 
	..., 
	[[ 
	refServCellIndex ServCellIndex OPTIONAL -- Need S 
	]]
} 
CSI-RS-CellMobility ::= SEQUENCE { 
	cellId PhysCellId, 
	csi-rs-MeasurementBW SEQUENCE { 
		nrofPRBs ENUMERATED { size24, size48, size96, size192, size264}, 
		startPRB INTEGER(0..2169) 
	}, 
	density ENUMERATED {d1,d3} OPTIONAL, -- Need R 
	csi-rs-ResourceList-Mobility SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM)) OF CSI-RS-Resource-Mobility 
}



Based on above the main limitation for the CSI-RS configurations for RRM measurement is provided in the RAN1 specification (TS38.214). The following is a copy of the text limiting the CSI-RS configurations for RRM measurements.

	5.1.6.1.3	CSI-RS for mobility
<text omitted>
A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
-	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resource per higher layer parameter MeasObjectNR. 
For any CSI-RS resource configuration, the UE shall assume that the value for parameter cdm-Type is 'noCDM', and there is only one antenna port.




The CSI-RS resource configuration limitation is different for CSI-RS resources with and without associated SSB. Also, the LS does not explicitly mention whether the change is expected for FR1 and/or FR2. From our understanding the main motivation for the increase is for network deployments that require large number of beams. This is primary for FR2. However, beams could be used in FR1 as well and could be considered as well as part of the request from RAN4.

In implementation of the requested changes, we believe it may be worth while to discuss on whether new UE capability needs to be introduced for this change. The maximum CSI-RS resource limitation was agreed in RAN1 after extensive debate and discussion balancing the network configuration flexibility and UE complexity for RRM measurements. Assuming that the change is applicable for FR1 and FR2, we believe there are 2 options for the update.

Option 1: Simply update the maximum number of CSI-RS with associated SSB in Rel-16 without any new associated UE capability. Rel-15 specification will have the existing 96 limitation, but Rel-16 specification will have the new 192 limitation. 

Option 2: Introduce a new UE capability and depending on the UE capability, introduce 196 maximum number of CSI-RS with associated SSB.

We suggest to down select from the above two options in RAN1.


Proposal 1:
· Down select among the following options.
· Option 1: Simply update the maximum number of CSI-RS with associated SSB in Rel-16 without any new associated UE capability. Rel-15 specification will have the existing 96 limitation, but Rel-16 specification will have the new 192 limitation. 
· Option 2: Introduce a new UE capability and depending on the UE capability, introduce 196 maximum number of CSI-RS with associated SSB.
· Send reply LS to RAN4 stating the agree options. Also CC RAN2 and state that given that RRC specifications support maximum of 18816 CSI-RS resources per MO, RAN1 assumes no update to RRC specification with regards to measObjectNR IE and related CSI-RS for mobility configurations is need.

TP #1 (option 1) – Only for Rel-16 specification. No shadow CR for Rel-15.
	[bookmark: _Toc29674288][bookmark: _Toc11352101][bookmark: _Toc27299889][bookmark: _Toc29673154][bookmark: _Toc20317991][bookmark: _Toc36645518][bookmark: _Toc29673295][bookmark: _Toc45810563]5.1.6.1.3	CSI-RS for mobility
[bookmark: _Hlk508191601]<unchanged text omitted>
[bookmark: _Hlk515901435]A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 19296 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
-	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resource per higher layer parameter MeasObjectNR. 
For any CSI-RS resource configuration, the UE shall assume that the value for parameter cdm-Type is 'noCDM', and there is only one antenna port.




TP #2 (option 2) – Tentative UE capability name of additionalCSIRSMobilityResources-r16 was used in the draft TP.
	5.1.6.1.3	CSI-RS for mobility
<unchanged text omitted>
A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR if UE does not support [additionalCSIRSMobilityResources-r16] when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
-	with no more than 192 CSI-RS resources per higher layer parameter MeasObjectNR if UE supports [additionalCSIRSMobilityResources-r16] when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or,
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
-	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resource per higher layer parameter MeasObjectNR. 
For any CSI-RS resource configuration, the UE shall assume that the value for parameter cdm-Type is 'noCDM', and there is only one antenna port.







In [4], the proposal is almost the same as option 2 in [2] as below.
		Reason for change:
	Currently, there is restriction of 96 on the number of CSI-RS resources per MO. Based on latest input from RAN4, it was agreed to increase the number of configurable CSI-RS resources per MO from 96 (as indicated in R1-1905909 and captured in current RAN1/2 specifications) to 192, only for the case when CSI-RS is configured with associated SSB. 

	
	

	Summary of change:
	The number of 96 is further increased to 192 for UE supporting increased number of CSI-RS resources per MO.

	
	

	Consequences if not approved:
	There is restriction of 96 CSI-RS resources per MO.



[bookmark: _Toc52457773]5.1.6.1.3	CSI-RS for mobility
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.
If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to 'QCL-TypeD', when applicable. 
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and with periodicity greater than 10 ms in paired spectrum, the UE may assume the absolute value of the time difference between radio frame i between any two cells, listed in the configuration with the higher layer parameter CSI-RS-CellMobility and with same refFreqCSI-RS, is less than 153600 Ts.
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer also outside active time based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. If the UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger than 80ms, the UE may not expect that the CSI-RS resources are available other than during the active time and during the time duration indicated by drx-onDurationTimer also outside active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR for UEs not supporting [increasedNumberofCSIRSPerMO] when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
-	with no more than 192 CSI-RS resources per higher layer parameter MeasObjectNR for UEs supporting [increasedNumberofCSIRSPerMO] when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
-	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resource per higher layer parameter MeasObjectNR. 
For any CSI-RS resource configuration, the UE shall assume that the value for parameter cdm-Type is 'noCDM', and there is only one antenna port.



In [5], the proposal seems to be similar to option 1 in [2].
		Reason for change:
	Increase the number of CSI-RS for L3 mobility that can be configured per frequency layer to the UE from 96 to 196 to support multi-beam deployments as per RAN4 request in R1-2007512(R4-2012291) 

	
	

	Summary of change:
	Add a clarification that if multiple MeasObjectNR with CSI-RS resources with a same centre frequency are configured, there cannot be more than 192 CSI-RS resources for L3 mobility on the same (CSI-RS) frequency layer 

	
	

	Consequences if not approved:
	The network configuration capability in multi-beam deployments is restricted.



5.1.6.1.3	CSI-RS for mobility
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.
If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to 'QCL-TypeD', when applicable. 
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and with periodicity greater than 10 ms in paired spectrum, the UE may assume the absolute value of the time difference between radio frame i between any two cells, listed in the configuration with the higher layer parameter CSI-RS-CellMobility and with same refFreqCSI-RS, is less than 153600 Ts.
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer also outside active time based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. If the UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger than 80ms, the UE may not expect that the CSI-RS resources are available other than during the active time and during the time duration indicated by drx-onDurationTimer also outside active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
-	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resource per higher layer parameter MeasObjectNR.
-	with no more than 192 CSI-RS resources with same centre frequency when CSI-RS resources are configured by the different higher layer parameters MeasObjectNR 
For any CSI-RS resource configuration, the UE shall assume that the value for parameter cdm-Type is 'noCDM', and there is only one antenna port. 



It is noted that in AI 5 there are number of contributions discussing this issue [8-12].
During the preparation phase email discussion, following feedbacks were provided on this discussion point.
	Company
	Comment

	Huawei/HiSilicon
	As the source company, we checked with the contact person (our RAN4 colleague) on this. To avoid mismatch with ongoing discussions in RAN4, we prefer simply following RAN4 recommendation to increase the maximum number of configurable CSI-RS resources per MO to 192. We are open to discuss whether or not to add UE capability on this. 

	Apple
	We should discuss it in light of R1-2007512.  
We think discussion of UE capability is unavoidable. Currently, we have maxNumberCSI-RS-RRM-RS-SINR, i.e., FG1-13, with maximum candidate value 96. It is not reasonable to assume that Rel-16 UE is mandated to support the maximum value, i.e. 192. 

	Intel
	Discussion necessary. 
Additionally, RAN1 will need to respond to LS R1-2007512 and send the LS to RAN2 and RAN4.

	ZTE
	We are okay to discuss this next week, including whether or not to add a new UE capability on this issue.

	Moderator
	Thank you very much for the feedbacks.
According to RAN4 request in their LS, this issue should be discussed and also reply LS should be prepared.
Therefore, the final FL proposal on the email discussion scope includes this discussion point, including the discussion on reply LS and necessity of new UE capability.



Based on the above contribution and preparation phase email discussion, it is agreed to discuss following points in the email discussion.
· Discuss necessary update of TS38.214 5.1.6.1.3 to increase maximum number of configurable CSI-RS resources for L3 mobility according to RAN4 request
· Discuss whether/how to introduce new UE capability for the increased maximum number of configurable CSI-RS resources for L3 mobility
· Discuss reply LS to RAN4 (and RAN2)


2.1	Proposal and discussion
Based on the contributions and preparation phase email discussion, it would be reasonable to introduce a new UE capability for the increased maximum number of configurable CSI-RS resources for L3 mobility since in Rel-16 UE feature discussion only initial access related feature could be mandatory for all Rel-16 UEs while all other new features (even with potentially small impacts such as some TEIs) are optional.

FL proposal 1:
· Ask RAN2/4 to introduce a new UE capability for the increased maximum number of configurable CSI-RS resources for L3 mobility in the reply LS
· Adopt following TP for TS38.214
	5.1.6.1.3	CSI-RS for mobility
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.
If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to 'QCL-TypeD', when applicable. 
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and with periodicity greater than 10 ms in paired spectrum, the UE may assume the absolute value of the time difference between radio frame i between any two cells, listed in the configuration with the higher layer parameter CSI-RS-CellMobility and with same refFreqCSI-RS, is less than 153600 Ts.
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer also outside active time based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. If the UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger than 80ms, the UE may not expect that the CSI-RS resources are available other than during the active time and during the time duration indicated by drx-onDurationTimer also outside active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR for UEs not supporting [increasedNumberofCSIRSPerMO] when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
-	with no more than 192 CSI-RS resources per higher layer parameter MeasObjectNR for UEs supporting [increasedNumberofCSIRSPerMO] when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
-	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resource per higher layer parameter MeasObjectNR. 
For any CSI-RS resource configuration, the UE shall assume that the value for parameter cdm-Type is 'noCDM', and there is only one antenna port.




Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposals: 
	Company
	Comment

	Apple
	Support FL proposal

	Ericsson
	Support FL proposal

	vivo
	Support FL proposal

	Huawei, HiSilicon
	Suggest adding ‘per MO’ in the main bullet, and support updated FL proposal. 

	Nokia
	[bookmark: _Hlk54621591]In my understanding there appears to be no restriction in the letter of RAN2 specification for having multiple MO’s, so in principle it could still be possible reach the limit of 192 via two MOs with limited RAN2 specification impact. So while a new capability could be considered (as a somewhat separate issue), it is not clear why there would be need from RAN4 perspective to be contained in single MO?

	Intel
	Ok with FL proposal.
We would also like to recommend telling RAN2 that RAN1 see’s no need to change the RRC signalling for measObjectNR and IE contained therein, since from RAN1 understanding the current RRC signalling supports 96 x 96 CSI-RS configurations, with the limit of 96 CSI-RS per cell.

To provide our take on Nokia comments:
From our understanding RAN2/RAN4 has decided to only support 1 MO per carrier for Rel-16. So within Rel-16 framework, using multiple MO is not a possibility. However, we agree that for Rel-17 and on-words this can be revisited and in such case, update in RAN1 specification (as proposed) may not be needed.

	CATT
	Support FL proposal

	ZTE
	We support the FL proposal of 192 CSI-RS resources per MO. 
For the new UE capability, we think it should be carefully discussed. In Rel-15, the UE reports that whether it supports CSI-RS based RRM measurement via, for example, FG 1-4, 1-5, etc. However, we believe all the Rel-15 UEs do not support CSI-RS based RRM measurement due to undefined requirements although the relative standard work has been finished in RAN1 and RAN2. Rel-16 is the first version that UE may support CSI-RS based RRM measurement. So there is no NBC issue. In Rel-16, it is requested to increase the number of CSI-RS resources per MO from 96 to 192 by RAN4. If a UE reports that CSI-RS based RRM measurement (FG 1-4) is supported, it means that the UE should support 192 CSI-RS resources per MO. Therefore, we can use FG 1-4 to indicate the support of CSI-RS based RRM measurement as well as 192 CSI-RS resources per MO instead of introducing a new UE capability. 
	1-4
	CSI-RS based RRM measurement with associated SS-block
	1) CSI-RSRP measurement
2) CSI-RSRQ measurement




	Samsung
	Support FL proposal with adding ‘per MO’ as HW commented.

	Moderator
	Thank you very much for the inputs and discussion!
I see majority of companies are basically fine with FL proposal with clarifying “per MO”.
I also see Intel’s recommendation on RRC signaling can be included in the LS (although RRC signaling design is generally RAN2 matter).
Regarding Nokia’s question, I hope Intel’s answer could solve it.
Regarding ZTE’s comment on the reuse of FG 1-4, we can keep the current proposal unless there are multiple other companies also share the same view with ZTE. In my understanding, the maximum number of 96 agreed in RAN1 in Rel-15 was derived based on discussion and consideration on use case and complexity, and hence although 192 would be necessary for some cases, it may be difficult to mandate 192 for UE supporting CSI-RS based L3 measurement.
Please see the updated FL proposal below and further feedback if any will be appreciated.



Based on the above feedbacks, following updated FL proposal is provided.

Updated FL proposal 1:
· Ask RAN2/4 to introduce a new UE capability for the increased maximum number of configurable CSI-RS resources per MO for L3 mobility in the reply LS
· RAN1 sees no need to change the RRC signalling for measObjectNR and IE contained therein, since from RAN1 understanding the current RRC signalling supports 96 x 96 CSI-RS configurations, with the limit of 96 CSI-RS per cell.
· Adopt following TP for TS38.214
	5.1.6.1.3	CSI-RS for mobility
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.
If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to 'QCL-TypeD', when applicable. 
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and with periodicity greater than 10 ms in paired spectrum, the UE may assume the absolute value of the time difference between radio frame i between any two cells, listed in the configuration with the higher layer parameter CSI-RS-CellMobility and with same refFreqCSI-RS, is less than 153600 Ts.
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer also outside active time based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. If the UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger than 80ms, the UE may not expect that the CSI-RS resources are available other than during the active time and during the time duration indicated by drx-onDurationTimer also outside active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR for UEs not supporting [increasedNumberofCSIRSPerMO] when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
-	with no more than 192 CSI-RS resources per higher layer parameter MeasObjectNR for UEs supporting [increasedNumberofCSIRSPerMO] when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
-	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resource per higher layer parameter MeasObjectNR. 
For any CSI-RS resource configuration, the UE shall assume that the value for parameter cdm-Type is 'noCDM', and there is only one antenna port.



Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposals: 
	Company
	Comment

	Intel
	Generally Ok with updated FL proposal.
We may wish to update the capability parameter name from “increasedNumberofCSIRSPerMO” to “increasedNumberofCSIRSPerMO-r16” to be consistent with how RAN2 define Rel-16 signaling.

Since we are now trending towards introducing a new capability, we need to also clarify the details of the capability. Description, Per, M, FDD/TDD Diff, FR1-FR Diff.
Here are Intel’s preferences on the details.
Description: Indicates support of up to 192 CSI-RS resource for L3 mobility configuration per measurement object.
Per: per UE
M: optional with capability signalling
TDD/TDD Diff: No
FR1-FR2 Diff: Yes

	Huawei, HiSilicon
	We are not sure whether it is really necessary to tell RAN2 that RAN1 sees or do not see a need to update RRC signalling structure. In our view, RAN2 can check and decide by themselves. 
If the UE capability parameter name is updated as suggested by Intel, the TP needs to be updated accordingly. 
And we are in principle ok with the UE capability details proposed by Intel. 

	vivo
	Support the TP. 
Support the capability signalling detail provided by Intel.
The following is up to RAN2’s expertise. We also don’t see the necessity for such indication.
· RAN1 sees no need to change the RRC signalling for measObjectNR and IE contained therein, since from RAN1 understanding the current RRC signalling supports 96 x 96 CSI-RS configurations, with the limit of 96 CSI-RS per cell.

	ZTE
	When the new UE capability is introduced, how does the network interpret the UE not supporting [increasednumberofCSIRSPerMO]? Is it a Rel-15 UE or a Rel-16 UE? We suppose it should be Rel-15 UE because Rel-16 UE should support this capability. We agree that RAN4 has decided to only support 1 MO per carrier for Rel-16. However, there is no such restriction in Rel-15. It means the network can configure 192 CSI-RS resources per carrier via 2 MOs. So it seems the new capability is useless since 192 CSI-RS resources per carrier can be configured anyway no matter whether the UE supports [increasednumberofCSIRSPerMO]. Maybe the only difference is how to configure the CSI-RS (i.e., one MO or two MOs).

	CATT
	We are fine with the TP from FL and also the capability signalling detail proposed by Intel. 

	Intel
	The reason we asked to include information about signalling is because it pertains to how many CSI-RS can be support per cell. This information is important, and we believe it is in RAN1 domain to assess whether 96 CSI-RS per cell or 192 CSI-RS per cell is needed.
If the formulation of the information to RAN2 seems to be guiding RAN2 about signalling design, we suggest an alternative formulation:
RAN1 believes up to 96 CSI-RS resource (for L3 mobility) configuration per cell and up to 192 CSI-RS resource configuration per MO (as per RAN4 request) should satisfy request from RAN4.


	Moderator
	Thank you very much for further feedbacks.
Based on the discussion, FL proposal is updated as below.



Based on the above feedbacks, following updated FL proposal is provided.

Updated FL proposal 1:
· Ask RAN2/4 to introduce a new UE capability for the increased maximum number of configurable CSI-RS resources per MO for L3 mobility in the reply LS
· RAN1 assumes following design for the new UE capability signaling
· Name: increasedNumberofCSIRSPerMO-r16
· Component description: Indicates support of up to 192 CSI-RS resource for L3 mobility configuration per measurement object
· Prerequisite FG: 1-4
· Reporting type: Per UE
· TDD/FDD differentiation: No
· FR1/FR2 differentiation: Yes
· Mandatory/optional: Optional with capability signaling
· RAN1 believes up to 96 CSI-RS resource (for L3 mobility) configuration per cell and up to 192 CSI-RS resource configuration per MO (as per RAN4 request) should satisfy request from RAN4.
· Adopt following TP for TS38.214
	5.1.6.1.3	CSI-RS for mobility
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.
If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to 'QCL-TypeD', when applicable. 
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and with periodicity greater than 10 ms in paired spectrum, the UE may assume the absolute value of the time difference between radio frame i between any two cells, listed in the configuration with the higher layer parameter CSI-RS-CellMobility and with same refFreqCSI-RS, is less than 153600 Ts.
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer also outside active time based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. If the UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger than 80ms, the UE may not expect that the CSI-RS resources are available other than during the active time and during the time duration indicated by drx-onDurationTimer also outside active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR for UEs not supporting [increasedNumberofCSIRSPerMO-r16] when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
-	with no more than 192 CSI-RS resources per higher layer parameter MeasObjectNR for UEs supporting [increasedNumberofCSIRSPerMO-r16] when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
-	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resource per higher layer parameter MeasObjectNR. 
For any CSI-RS resource configuration, the UE shall assume that the value for parameter cdm-Type is 'noCDM', and there is only one antenna port.



Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposals: 
	Company
	Comment

	Apple
	In general, we are okay we FL proposal. We have the following questions 
In Rel-15, if we are not mistaken, we have FG1-13, maxNumberCSI-RS-RRM-RS-SINR, for the maximum number of CSI-RS resources for RRM related UE capability. It is defined per UE, with candidate value ENUMERATED {n4, n8, n16, n32, n64, n96}
For the newly introduce UE capability, we have the following question 
Minor one
· Component description: Indicates support of up to 192 CSI-RS resource for L3 mobility configuration per measurement object configured with associatedSSB
There are a few things we think can be discussed
· Why we do not allow a value range for increasedNumberofCSIRSPerMO-r16, so far, UE can support (4, 8, 16, 32, 64, 96), and then suddenly it jumps to 192
· How do we interpret increasedNumberofCSIRSPerMO-r16 together with maxNumberCSI-RS-RRM-RS-SINR since maxNumberCSI-RS-RRM-RS-SINR is still limited to 96

	Nokia
	We are OK with the FL proposal.
On the question raised by Apple regarding the ‘maxNumberCSI-RS-RRM-RS-SINR’, in my understanding it defines the only maximum capability per slot and does not affect to the total number (e.g. 96). Thus, the question is if we want to increase the number of RS’s per slot or are we fine to limit the maximum per slot to 96 as currently. From our perspective we feel that maximum of 96 per slot would be sufficient but can also accept it be increased.

	Ericsson
	Support the proposal

	ZTE
	We are fine with the proposal. By now we think 96 CSI-RS per cell are sufficient and we are open on this issue.

	Intel
	Support the addition of ‘configured with associatedSSB’ as proposed by Apple.
To respond to Apple’s comments on FG1-13, maxNumberCSI-RS-RRM-RS-SINR.
This particular capability is to limit how many measurements that UE may need to perform per slot and in our understanding decoupled with the 96 limitation described in TS38.214.
Of course, we could discuss the possibility of increasing the upper limit for this, but we note that RAN4 did not request to increase the number of CSI-RS measurement per slot and therefore we do not see a need to update this capability.
96 CSI-RS resources per slot seems to provide already pretty large flexibility for the gNB.



Final FL proposal 1 for approval:
· Ask RAN2/4 to introduce a new UE capability for the increased maximum number of configurable CSI-RS resources per MO for L3 mobility in the reply LS – R1-200xxxx – Daewon (Intel)
· RAN1 assumes following design for the new UE capability signaling
· Name: increasedNumberofCSIRSPerMO-r16
· Component description: Indicates support of up to 192 CSI-RS resource for L3 mobility configuration per measurement object configured with associatedSSB
· Prerequisite FG: 1-4
· Reporting type: Per UE
· TDD/FDD differentiation: No
· FR1/FR2 differentiation: Yes
· Mandatory/optional: Optional with capability signaling
· RAN1 believes up to 96 CSI-RS resource (for L3 mobility) configuration per cell and up to 192 CSI-RS resource configuration per MO (as per RAN4 request) should satisfy request from RAN4.
· Adopt following TP for TS38.214
	5.1.6.1.3	CSI-RS for mobility
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.
If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to 'QCL-TypeD', when applicable. 
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and with periodicity greater than 10 ms in paired spectrum, the UE may assume the absolute value of the time difference between radio frame i between any two cells, listed in the configuration with the higher layer parameter CSI-RS-CellMobility and with same refFreqCSI-RS, is less than 153600 Ts.
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer also outside active time based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. If the UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger than 80ms, the UE may not expect that the CSI-RS resources are available other than during the active time and during the time duration indicated by drx-onDurationTimer also outside active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR for UEs not supporting [increasedNumberofCSIRSPerMO-r16] when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
-	with no more than 192 CSI-RS resources per higher layer parameter MeasObjectNR for UEs supporting [increasedNumberofCSIRSPerMO-r16] when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or,
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
-	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resource per higher layer parameter MeasObjectNR. 
For any CSI-RS resource configuration, the UE shall assume that the value for parameter cdm-Type is 'noCDM', and there is only one antenna port.




3. Conclusion

Agreements:
1. Ask RAN2/4 to introduce a new UE capability for the increased maximum number of configurable CSI-RS resources per MO for L3 mobility in the reply LS – lated draft LS is approved, with final LS in R1-2009444 
9. RAN1 assumes following design for the new UE capability signaling
0. Name: increasedNumberofCSIRSPerMO-r16
0. Component description: Indicates support of up to 192 CSI-RS resource for L3 mobility configuration per measurement object configured with associatedSSB
0. Prerequisite FG: 1-4
0. Reporting type: Per UE
0. TDD/FDD differentiation: No
0. FR1/FR2 differentiation: Yes
0. Mandatory/optional: Optional with capability signaling
9. RAN1 believes up to 96 CSI-RS resource (for L3 mobility) configuration per cell and up to 192 CSI-RS resource configuration per MO (as per RAN4 request) should satisfy request from RAN4.
The draft 38.214 CR is approved, with final CR in R1-2009448 (38.214, CR0133)
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