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Introduction 
Based on the WI scope, the area where UE capabilities can be classified into the following areas:
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) will be/are probably discussed in RAN1 while Area d) will be/is probably first discussed in RAN4. We can wait for any LS from RAN1 and RAN4 to start discussing the UE capabilities related to those areas.
In this contribution, we focus on Area a) on paging enhancement where RAN2 had introduced subgrouping. This is also discussed in the email discussion #89.
Discussion

As part of the paging enhancement, the Paging Early Indication (PEI) is introduced by RAN1 to allow the network to indicate to the UE whether there is any page in the corresponding PO(s). Having PEI will save the UE having to decode the paging PDCCH and PDSCH at the PO. On top of this, RAN2 introduced subgrouping to be carried in the PEI. There are 2 types of subgrouping:
i) CN based subgrouping
ii) UEID based subgrouping  

In the last meeting, RAN2 agreed the following assumption:
· For the purpose of continued discussions, R2 assumes that UE has separate UE caps for CN assigned and UEID based subgrouping, the actual decision to be taken later. 

The reason the above is made as an assumption is that some UE vendors see a need for separate IOT bits for supporting CN based subgrouping and UEID based subgrouping. Based on this understanding that separate UE capabilities are used for indicating CN based subgrouping and UEID based subgrouping, the following discuss how each of those UE capabilities can be provided to the network.

For i), CN allocates the subgrouping ID to the UE. Hence the CN needs to know whether the UE supports CN based subgrouping in order to know whether to allocate the CN subgrouping ID to the UE over the NAS message.  This can be done either by:
Approach a) UE indicating CN based subgrouping support over a NAS message (during initial registration and mobility registration) so that CN can assign the subgroup ID. During CN paging/CN assistance during RRC Inactive, if the CN provides CN assigned subgroup ID, the gNB knows the UE supports CN based subgrouping. This approach a) would require coordination with SA2/CT1.
Approach b) UE indicating the CN based subgrouping support over existing UE AS capability signalling and gNB explicitly indicates the support to the CN based on the UE indicated subgrouping capability in the UE capability signalling. During CN paging/CN assistance during RRC Inactive, if the CN provides CN assigned subgroup ID, the gNB knows the UE supports CN based subgrouping
Approach a) is the most straightforward approach to provide the CN based subgrouping support directly to the CN via NAS message by the UE. Approach b), on the other hand, will require sending the UE support of the CN based subgrouping explicitly during the UE Radio Capability Info over NGAP which has not been done previously as all the paging capabilities are sent as UERadioPagingInformation container (as part of UE RadioCapability for Paging IE) and stored transparently in the CN. Hence it is more logical to go with Approach a).
Proposal#1: RAN2 assumes that UE support of CN based subgrouping is provided via NAS message. Send a LS to inform SA2/CT1.

For ii), as gNB needs to know whether the UE supports UEID based subgrouping before paging. Again there are 2 ways to provide this:
Approach c) UE indicating UEID based subgrouping support over a NAS message (during initial registration and mobility registration) and CN indicates the capability to gNB based on the UE reported capability over NAS during CN paging/CN assistance during RRC Inactive. This approach a) would require coordination with SA2/CT1 and RAN3.
Approach d) UE indicating the UEID based subgrouping support over existing UE AS capability signalling and gNB include the UEID based subgrouping in the UERadioPagingInformation container and stored transparently in the CN. CN can provide the container to gNB during CN paging/CN assistance during RRC Inactive.
Approach c) for UEID based subgrouping allows a more unified way with CN based subgrouping. Whereas Approach d) is the normal way in which UE provides UE capability that is required by gNB for paging. Both are feasible. However, we have a slight preference to go with Approach d).
As the UEID based subgrouping is carried over the PEI, the prerequisite is that the UEID based subgrouping is only supported if PEI is supported by the UE. We think the capability does not need to be xDD and FRx diff, but we are open to further discuss this. 
Proposal#2: UE support of UEID based subgrouping is provided as part of the UE capability signalling with the following feature description
	Features 
	Index 
	Feature group 
	Components 
	Prerequisite feature groups 
	Type 
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC) 
	Need of FDD/TDD differentiation 
	Need of FR1/FR2 differentiation 
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2 
	Note 
	Mandatory/Optional 

	x. Rel-17 Power saving 
	X-0 
	UEID based  Subgrouping
	Indicates UE support of UEiD based subgroupingfor paging.  
	PEI support (R1 29-1)
	 UE
	No
	No 
	 
	 
	Optional with capability signalling



Proposal#3: As part of the RRC inter-node message UERadioPagingInformation  in the RRC specification, the UE support of the UEID based subgrouping is included by the gNB in the UERadioPagingInformation message (See Annex). 

One further question is on whether the above should be grouped in a single feature group as the PEI capability as defined in RAN1. RAN1 has discussed this in the last meeting with the following feature group for PEI capability:
	Features 
	Index 
	Feature group 
	Components 
	Prerequisite feature groups 
	Type 
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC) 
	Need of FDD/TDD differentiation 
	Need of FR1/FR2 differentiation 
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2 
	Note 
	Mandatory/Optional 

	29. NR_UE_pow_sav_enh
	29-1
	Paging enhancement	
	
	1. Support paging early indication
2. Support UE subgroup indication

	
	[Per UE/Per band]
	N
	N
	N
	 For component 2, it is up to RAN2 whether/how to separate the capability for UE subgroup indication
	[Optional with capability signalling]



We think the support of subgrouping should be an integral part of the support of PEI. Hence, instead of putting as a component, subgrouping support can be placed as prerequisite for the PEI support. So our suggestion is that the pre-requisite column of the “29-1 Paging enhancement” includes the following:
UE supports either UEID based subgrouping (X-0) or CN based subgrouping which is sent over NAS

Proposal#4: The pre-requisite feature groups for the RAN1 Paging enhancement feature (R1 29-1, i.e. PEI support) should include the ‘UE support of either UEID based subgrouping (X-0) or CN based subgrouping (with its capability signalling over NAS)’.
Conclusion
It is requested that RAN2 discussed the following observations and proposals:
Proposal#1: RAN2 assumes that UE support of CN based subgrouping is provided via NAS message. Send a LS to inform SA2/CT1.
Proposal#2: UE support of UEID based subgrouping is provided as part of the UE capability signalling with the following feature description
	Features 
	Index 
	Feature group 
	Components 
	Prerequisite feature groups 
	Type 
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC) 
	Need of FDD/TDD differentiation 
	Need of FR1/FR2 differentiation 
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2 
	Note 
	Mandatory/Optional 

	x. Rel-17 Power saving 
	X-0 
	UEID based  Subgrouping
	Indicates UE support of UEiD based subgroupingfor paging.  
	PEI support (R1 29-1)
	 UE
	No
	No 
	 
	 
	Optional with capability signalling



Proposal#3: As part of the RRC inter-node message UERadioPagingInformation  in the RRC specification, the UE support of the UEID based subgrouping is included by the gNB in the UERadioPagingInformation message (See Annex). 
Proposal#4: The pre-requisite feature groups for the RAN1 Paging enhancement feature (R1 29-1, i.e. PEI support) should include the ‘UE support of either UEID based subgrouping (X-0) or CN based subgrouping (with its capability signalling over NAS)’.
Annex: Inclusion of UEID based subgrouping support in RRC inter-node message UERadioPagingInformation
-	UERadioPagingInformation
This message is used to transfer radio paging information, covering both upload to and download from the 5GC, and between gNBs.
Direction: gNB to/ from 5GC and gNB to/from gNB
UERadioPagingInformation message
-- ASN1START
-- TAG-UE-RADIO-PAGING-INFORMATION-START

UERadioPagingInformation ::= SEQUENCE {
    criticalExtensions                  CHOICE {
        c1                                  CHOICE{
            ueRadioPagingInformation            UERadioPagingInformation-IEs,
            spare7 NULL,
            spare6 NULL, spare5 NULL, spare4 NULL,
            spare3 NULL, spare2 NULL, spare1 NULL
        },
        criticalExtensionsFuture            SEQUENCE {}
    }
}

UERadioPagingInformation-IEs ::=    SEQUENCE {
    supportedBandListNRForPaging        SEQUENCE (SIZE (1..maxBands)) OF FreqBandIndicatorNR    OPTIONAL,
    nonCriticalExtension                UERadioPagingInformation-v15e0-IEs                      OPTIONAL
}

UERadioPagingInformation-v15e0-IEs ::= SEQUENCE {
    dl-SchedulingOffset-PDSCH-TypeA-FDD-FR1     ENUMERATED {supported}          OPTIONAL,
    dl-SchedulingOffset-PDSCH-TypeA-TDD-FR1     ENUMERATED {supported}          OPTIONAL,
    dl-SchedulingOffset-PDSCH-TypeA-TDD-FR2     ENUMERATED {supported}          OPTIONAL,
    dl-SchedulingOffset-PDSCH-TypeB-FDD-FR1     ENUMERATED {supported}          OPTIONAL,
    dl-SchedulingOffset-PDSCH-TypeB-TDD-FR1     ENUMERATED {supported}          OPTIONAL,
    dl-SchedulingOffset-PDSCH-TypeB-TDD-FR2     ENUMERATED {supported}          OPTIONAL,
    nonCriticalExtension       SEQUENCE {}UERadioPagingInformation-v17xy-IEs    OPTIONAL
}

UERadioPagingInformation-v17xy-IEs ::= SEQUENCE {
    ue-id-BasedSubgroupingSupport-r17   ENUMERATED {supported}    	OPTIONAL,
    nonCriticalExtension                SEQUENCE {}					OPTIONAL
}

-- TAG-UE-RADIO-PAGING-INFORMATION-STOP
-- ASN1STOP

	UERadioPagingInformation field descriptions

	supportedBandListNRForPaging
Indicates the UE supported NR frequency bands which are derived by the gNB from UE-NR-Capability.

	dl-SchedulingOffset-PDSCH-TypeA-FDD-FR1
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type A in FDD FR1.

	dl-SchedulingOffset-PDSCH-TypeA-TDD-FR1
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type A in TDD FR1.

	dl-SchedulingOffset-PDSCH-TypeA-TDD-FR2
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type A in TDD FR2.

	dl-SchedulingOffset-PDSCH-TypeB-FDD-FR1
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type B in FDD FR1.

	dl-SchedulingOffset-PDSCH-TypeB-TDD-FR1
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type B in TDD FR1.

	dl-SchedulingOffset-PDSCH-TypeB-TDD-FR2
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type B in TDD FR2.

	ue-id-BasedSubgroupingSupport
Indicates whether the UE support of UEiD based subgrouping for paging.  








