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1. Introduction
[bookmark: _GoBack]In this contribution, we discuss issues regarding the LS from RAN4 [1] and corresponding Text proposals.

2. Discussion on Maximum CSI-RS Resource per MO
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: _Toc11352101][bookmark: _Toc20317991][bookmark: _Toc27299889][bookmark: _Toc29673154][bookmark: _Toc29673295][bookmark: _Toc29674288][bookmark: _Toc36645518][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.





3. Conclusion
In this contribution, we discuss the maximum number of configurable CSI-RS resources per MO, which is described in LS R1-2007512. The following is the proposal.
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.
The following are draft TPs for option 1 and 2, respectively.

TP #1 (option 1) – Only for Rel-16 specification. No shadow CR for Rel-15.
	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 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.
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