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Introduction 
Based on the WI scope, the areas of interest to define UE capabilities can be classified into the following:
a. Paging enhancement
b. Support of TRS/CSI-RS in idle/inactive mode
c. Extension(s) to Rel-16 DCI-based power saving adaptation 
d. Support of RLM/BFR relaxation
Areas b) and c) were already discussed in RAN1 and Area d) should be first discussed by RAN4. We suggest for RAN2 to wait for any LSs on this from RAN1 and RAN4 to start discussing the corresponding UE capabilities related to those areas and the implementation can be done directly via Mega CRs.
In this contribution, we focus on Area a) paging enhancement where RAN2 had introduced subgrouping while RAN1 introduced the PEI. 
Discussion
In last RAN1 meeting, the following is endorsed for paging enhancement:
Agreement
· FG 29-1 is kept as “Paging enhancement” as follows
	29. NR_UE_pow_sav_enh
	29-1
	Paging enhancement 
	1. Support paging early indication
2. Support UE subgroup indication
	
	N
	
	High idle/inactive mode UE power consumption if NR SA networks
UE does not support paging enhancement
	Per UE
	N
	N
	N
	For component 2, it is up to RAN2 whether/how to separate the capability for UE subgroup indication
Leave RAN2 to decide whether ‘optional with capability signalling’ or ‘optional without capability signalling’ 
Leave RAN2 to decide whether Need for the gNB to know if the feature is supported is Yes or No
	Optional without capability signalling


Note that any contents highlighted in yellow mean FFS and to be discussed further.

The PEI and subgrouping capabilities need to be both known by the gNB so that the gNB know whether to page the UE using PEI and subgrouping if the gNB supports PEI and subgrouping. Hence, gNB need PEI and subgrouping capabilities have to be ‘Optional with capability signalling’ and whether ‘Need for the gNB to know if the feature is supported’ should be set to ‘Yes’.

Observation#1: Like the subgrouping capability, the PEI capability needs to be known to the gNB so that gNB knows whether to page the UE using PEI.

It is agreed by RAN1 that the network can configure a cell with just a paging indication or with more than 1 subgroups and the UE behaviour on monitoring its PO depends on the paging indication field of the PEI DCI format as follow:

Agreement
Confirm the following working assumption:
Working Assumption
· The paging indication field of PEI DCI format comprises of POnumPerPEI segment(s) of K bit
· K = 1, if [image: ] is absent or set to 0 or 1,
· K = [image: ], if [image: ] is configured.
· UE identifies its paging indication bit as follows:
· Let [image: ] denote the relative PO index, with starting value of 0, among the POs associated with the PEI
· [image: ] , where [image: ] are as defined in clause 7 of TS 38.304
· [image: ] when K = 1 and UE is not provided a subgroup index
· [image: ] when UE is provided a subgroup index
· UE checks the corresponding paging indication from [image: ]-th bit of the paging indication field where the starting bit index is 0
· If the corresponding paging indication value is set to ‘1’, it indicates the UE to monitor the PO
· If the corresponding paging indication value is set to ‘0’, it indicates the UE is not required to monitor the PO

Based on the above agreement, it is not possible for the UE to just support PEI only (i.e. K=1) while the cell is configured with PEI and subgrouping (i.e. K>1) as UE will not know which paging indication bit to monitor for the paging indication value of {0,1}.  Basically, the UE behaviour in such situation is not defined by the agreement from RAN1 as UE depends on the paging indication value to decide whether to monitor the PO. 

Observation#2: Based on the RAN1 agreement, UE needs to support both PEI and subgrouping indication in order to be able to understand different PEI configuration of cell which support PEI with 1 subgroup only (i.e. K=1, i.e. no subgrouping) and PEI with more than 1 subgroup (i.e. subgrouping supported)

Proposal#1: Use one UE capability bit to indicate support for both PEI and subgrouping indication as suggested by the RAN1 feature list (29-1) and defined it as ‘optional with capability signalling’ (as gNB needs to be aware of its support). 

Which subgrouping method is supported and where the paging enhancement capabilities are included in RRC
RAN2 have agreed that separate capability is needed for CN based subgrouping and UE-ID based subgrouping and that support of CN based subgrouping provided to the AMF via NAS signalling while the support of UE-ID based subgrouping is provided to the gNB via existing UE AS capability signalling as follow:

· We assume separate indications for UE capability of CN based subgrouping and UEID based subgrouping. 
· UE’s capability of supporting the UE ID based subgrouping is reported to RAN by AS UE capability signalling while R2 assumes that UE’s capability of supporting the CN-assigned subgrouping is reported to CN by NAS signalling. 

This support of the subgrouping method will provide how the UE interprets the K bits in R1 29-1. Hence if UE indicates support of R1 29-1, it has to indicate support of either UEID based subgrouping or CN assigned subgrouping or both. Otherwise, it is not clear which corresponding paging indication the UE should monitor if subgrouping is supported. In addition, if a UE supports UEID based subgrouping, this UE also has to indicate its support of R1 29-1.

Observation#3: The UE support of the subgrouping method will provide how the UE interprets the K bits in R1 29-1. Hence if UE indicates support of R1 29-1, it has to also indicate support of either UEID based subgrouping or CN assigned subgrouping or both. In addition, if a UE supports UEID based subgrouping, this UE also has to indicate its support of R1 29-1.

Proposal#2: Confirm RAN2 assumption of separate indications for UE capability of CN based subgrouping (signalling over NAS) and UEID based subgrouping (signalling over AS) and agree to the following: 
Proposal#2_1: Include as pre-requisite in R1 29-1 that UE indicating support of R1 29-1 shall also indicate support of either CN assigned subgrouping over NAS message or UEID based subgrouping in the AS capability or both.
Proposal#2_2: Include as pre-requisite in UE support of UEID based subgrouping that UE indicating support of UEID based subgrouping capability shall also indicate support of R1 29-1.

For the CN based subgrouping, UE indicating CN based subgrouping support is sent over a NAS message (during initial registration and mobility registration) so that AMF knows whether the UE support CN based subgrouping and can then assign the UE with CN assigned subgroup ID. During CN paging, the gNB knows the UE supports CN based subgrouping if the AMF provides CN assigned subgroup ID. For RAN paging, the gNB knows that the UE supports CN based subgrouping if the AMF provides CN assigned subgroup ID as part of the CN assistance during RRC inactive during the UE context transfer between gNB and AMF. All these are in the scope of SA2 and RAN3. For CN based subgrouping to be supported by the UE, it is implicit that PEI needs to be supported when UE indicates it via NAS signalling.

Observation#4: UE support of CN based subgrouping is indicated explicitly in the CN paging or as part of the UE context for RAN paging.  It is assumed that such information transfer will be defined by SA2 and RAN3. I.e., No further impact to RAN2.

For the UE-ID based subgrouping, UE indicating the UEID based subgrouping support is sent over existing UE AS capability signalling and gNB includes the UEID based subgrouping support in the UERadioPagingInformation container (as part of  UERadioPagingInfo IE) and stored transparently in the CN. During CN paging, the gNB knows the UE supports UEID based subgrouping if the UERadioPagingInformation container provided by the AMF indicate UE support of UEID based subrouping. For RAN paging, gNB knows the UE supports UEID based subgrouping if the UERadioPagingInformation container provided by the AMF in the CN assistance during RRC inactive indicates UE support of UEID based subgrouping. 

Observation#5: UE support of UEID based subgrouping and UE support of R1 29-1 should be included separately in the UERadioPagingInfo IE in the UERadioPagingInformation container for CN and RAN paging.

Proposal#3: Include the UE support of UEID based subgrouping and UE support of R1 29-1 as separate optional indications in the UERadioPagingInfo IE in the UERadioPagingInformation container to be used during CN and RAN paging.

The draft CRs for TS38.306 and TS38.331 are provided in [1] and [2].








Conclusion
It is requested that RAN2 discussed the following observations and proposals:
Observation#1: Like the subgrouping capability, the PEI capability needs to be known to the gNB so that gNB knows whether to page the UE using PEI.

Observation#2: Based on the RAN1 agreement, UE needs to support both PEI and subgrouping indication in order to be able to understand different PEI configuration of cell which support PEI with 1 subgroup only (i.e. K=1, i.e. no subgrouping) and PEI with more than 1 subgroup (i.e. subgrouping supported)

Proposal#1: Use one UE capability indication bit for both PEI and subgrouping indication as suggested by the RAN1 feature list (29-1) and defined it as ‘optional with capability signalling’ (as gNB needs to be aware of its support). 

Observation#3: The UE support of the subgrouping method will provide how the UE interprets the K bits in R1 29-1. Hence if UE indicates support of R1 29-1, it has to also indicate support of either UEID based subgrouping or CN assigned subgrouping or both. In addition, if a UE supports UEID based subgrouping, this UE also has to indicate its support of R1 29-1.

Proposal#2: Confirm RAN2 assumption of separate indications for UE capability of CN based subgrouping (signalling over NAS) and UEID based subgrouping (signalling over AS) and agree to the following: 
Proposal#2_1: Include as pre-requisite in R1 29-1 that UE indicating support of R1 29-1 shall also indicate support of either CN assigned subgrouping over NAS message or UEID based subgrouping in the AS capability or both.
Proposal#2_2: Include as pre-requisite in UE support of UEID based subgrouping that UE indicating support of UEID based subgrouping capability shall also indicate support of R1 29-1.

Observation#4: UE support of CN based subgrouping is indicated explicitly in the CN paging or as part of the UE context for RAN paging.  It is assumed that such information transfer will be defined by SA2 and RAN3. I.e., No further impact to RAN2.

Observation#5: UE support of UEID based subgrouping and UE support of R1 29-1 should be included separately in the UERadioPagingInfo IE in the UERadioPagingInformation container for CN and RAN paging.

Proposal#3: Include the UE support of UEID based subgrouping and UE support of R1 29-1 as separate optional indications in the UERadioPagingInfo IE in the UERadioPagingInformation container to be used during CN and RAN paging.

Based on Proposal#1 and #2, the 29-1 should become
	29. NR_UE_pow_sav_enh
	29-1
	Paging enhancement 
	1. Support paging early indication
2. Support UE subgroup indication
	Support of at least either the UEID based subgrouping or CN assigned subgrouping
	Y
	
	UE does not support paging enhancement
	Per UE
	N
	N
	N
	For component 2, it is up to RAN2 whether/how to separate the capability for UE subgroup indication
Leave RAN2 to decide whether ‘optional with capability signalling’ or ‘optional without capability signalling’ 
Leave RAN2 to decide whether Need for the gNB to know if the feature is supported is Yes or No
	Optional with capability signalling 
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