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1 Introduction
In RAN3#114bis-e meeting, the following agreements were reached:
	The CN provides subgroup ID included in subgroup information.

Include UE paging subgroup information into the NG Paging message for CN paging.

Introduce UE subgroup information into NGAP Core Network Assistance Information.

Introduce UE paging subgroup information into F1 Paging message for paging a UE in RRC_INACTIVE/RRC_IDLE.

Adopt the terminology "PEIPS Assistance Information" as the IE name to align with SA2 terminology, containing a CN subgroup ID.

The CN assigned subgroup ID is encoded as 0…7. (note: further checking maybe needed)

Add some clarification on stage 2 behaviour related PEIPS assistance information for RRC INACTIVE for TS38.300.


Some open issues are left as below:

· Awareness on the total number of CN-based subgrouping at RAN side

· Awareness of UEID-based subgrouping capability

· Impact based on last used cell 
In this contribution, we will address open issues for the UE power saving.  
2 Discussions
- Issue 1: RAN awareness of total number of CN-based subgroups 
According to the latest RAN2 RRC running CR, the subgrouping configuration in SIB1 includes

	SubgroupConfig-r17 ::=         SEQUENCE {
subgroupsNumPerPO-r17                       INTEGER (1.. maxNrofPagingSubgroups-r17),
    subgroupsNumForUEID-r17                     INTEGER (1.. maxNrofPagingSubgroups-r17)                    OPTIONAL,              -- Need R
...
}


where the total number of CN-based subgrouping can be derived by “subgroupsNumPerPO-r17” – “subgroupsNumForUEID-r17”. In case of CU-DU split, SIB1 is configured to gNB-DU via OAM. The RAN2 design indicates that the total number of CN-based subgroups is configured via OAM to the RAN. Thus, there is no need further F1AP signalling enhancement. 
Proposal 1: in case of CU-DU split, the total number of CN-based subgroups can be known by the gNB-DU via the OAM configuration. 
· Issue 2: awareness of UEID-based subgrouping capability
According to discussion in last meeting, companies seem to acknowledge that the gNB-DU needs to be aware of the capability of supporting UEID-based subgrouping. The open issue is about how to achieve this. One option is to use an explicit indication over F1AP, e.g., UEID based subgrouping support. In addition, some companies mentioned that such indication can be included in UE Radio Capability for Paging IE. However, F1AP PAGING message does not contain IE including UE capability. Another option is to use the UE Radio capability for paging via UE Context Setup/Modification procedure. This option does not work. The reason is that the F1AP PAGING message is sent before UE Context Setup/Modification procedure since the paged UE does not enter RRC_CONNECTED status yet when receiving the Paging message.
Proposal 2: the gNB-CU can send an explicit indication of supporting UEID based subgrouping to gNB-DU when sending PAGING message. 
· Issue 3: impact based on last used cell

In last RAN2 meeting, the following agreements were achieved:

	· UE is configured to monitor PEI, either only in the last used cell or any other cells (after cell reselection). FFS how the configuration is provided in [SI, RRCRelease, or NAS message].


It can be observed that PEI monitoring in the last used cell can be supported for the UE, which is configurable at the UE side. How to configure the UE needs wait for RAN2 progress. However, some RAN3 impact can be foreseen for two cases:
· Case 1: PEI monitoring in last used cell only

If this is the case, the PEI should be transmitted in last used cell only. This indicates that the RAN side should be aware of the last used cell. To achieve this purpose, the AMF should be aware of the last used cell when releasing the UE. Meanwhile, when paging the UE, the AMF should indicate the last used cell to the NG-RAN node. Such functionality can be achieved via the Recommended Cells for Paging IE over NG interface, i.e., 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Recommended Cell List
	
	1
	
	

	>Recommended Cell Item
	
	1..<maxnoofRecommendedCells>
	
	Includes visited and non-visited cells, where visited cells are listed in the order the UE visited them with the most recent cell being the first in the list. Non-visited cells are included immediately after the visited cell they are associated with.


where the first item in the list indicates the last used cell. 
In addition, when sending PAGING message over F1, the gNB-DU should be aware of the last used cell so that the PEI signal should be sent over such cell only. Currently, the F1AP PAGING message contains Paging cell List IE, i.e., 
	Paging Cell List 
	
	1
	
	
	YES
	ignore

	>Paging Cell Item IEs
	
	1 .. <maxnoofPagingCells>
	
	
	EACH
	ignore

	>>NR CGI
	M
	
	9.3.1.12
	
	-
	


However, the gNB-DU cannot be aware which cell is the last used cell. Thus, in case of monitoring PEI over last used cell only, the gNB-CU should indicate the last used cell to help the gNB-DU decide the cell with PEI signal. 

Proposal 3: in case of monitoring PEI over last used cell only, the gNB-CU should indicate the last used cell when sending the PAGING message. 
· Case 2: PEI monitoring in other cells 
The RAN2 agreements indicate that the PEI signal can be sent in other cells. Thus, the XnAP enhancement on including PEIPS assistant information is needed. 

Proposal 4: RAN3 confirms the inclusion of PEIPS assistant information IE over XnAP. 
3 Conclusions
In this contribution, we discuss UE power saving, and have the following proposals:
Proposal 1: in case of CU-DU split, the total number of CN-based subgroups can be known by the gNB-DU via the OAM configuration. 
Proposal 2: the gNB-CU can send an explicit indication of supporting UEID based subgrouping to gNB-DU when sending PAGING message. 
Proposal 3: in case of monitoring PEI over last used cell only, the gNB-CU should indicate the last used cell when sending the PAGING message. 
Proposal 4: RAN3 confirms the inclusion of PEIPS assistant information IE over XnAP. 
In addition, the corresponding stage-3 TP for F1AP is provided below. 
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8.7.1.2
Successful Operation
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Figure 8.7.1.2-1: Paging procedure. Successful operation.
The gNB-CU initiates the procedure by sending a PAGING message.

The Paging DRX IE may be included in the PAGING message, and if present the gNB-DU may use it to determine the final paging cycle for the UE.

The Paging Priority IE may be included in the PAGING message, and if present the gNB-DU may use it according to TS 23.501 [21].

At the reception of the PAGING message, the gNB-DU shall perform paging of the UE in cells which belong to cells as indicated in the Paging Cell List IE.

The Paging Origin IE may be included in the PAGING message, and if present the gNB-DU shall transfer it to the UE.
The PEIPS Assistance Information IE may be included in the PAGING message, and if present the gNB-DU shall, if supported, use it for paging subgrouping of the UE, as specified in TS 38.300 [6]. 
The UEID Subgrouping Support Indication IE may be included in the PAGING message, and if present the gNB-DU shall, if supported, consider that the paged UE supports UEID based paging subgrouping, and perform the UEID based paging subgrouping of the UE, as specified in TS38.300 [6]. 
The Last Used Cell Indication IE may be included in the Paging Cell Item IEs IE of the PAGING message, and if present the gNB-DU shall, if supported, consider the cell identified by the NR CGI IE as the last used cell of the paged UE, and send PEI signal over such cell.
<<<<<<<<<<<<<<<<<<<<NEXT OF CHANGES >>>>>>>>>>>>>>>>>>>>

9.2.6.1
PAGING

This message is sent by the gNB-CU and is used to request the gNB-DU to page UEs.

Direction: gNB-CU ( gNB-DU

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	UE Identity Index value
	M
	
	9.3.1.39
	
	YES
	reject

	CHOICE Paging Identity 
	M
	
	
	
	YES
	reject

	>RAN UE Paging identity
	M
	
	9.3.1.43
	
	-
	

	>CN UE paging identity 
	M
	
	9.3.1.44
	
	-
	

	Paging DRX
	O
	
	9.3.1.40
	It is defined as the minimum between the RAN UE Paging DRX and CN UE Paging DRX
	YES
	ignore

	Paging Priority
	O
	
	9.3.1.41
	
	YES
	ignore

	Paging Cell List 
	
	1
	
	
	YES
	ignore

	>Paging Cell Item IEs
	
	1 .. <maxnoofPagingCells>
	
	
	EACH
	ignore

	>>NR CGI
	M
	
	9.3.1.12
	
	-
	

	>>Last Used Cell Indication 
	O
	
	ENUMERATED(true, …)
	
	-
	

	Paging Origin
	O
	
	9.3.1.79
	
	YES
	Ignore

	PEIPS Assistance Information
	O
	
	9.3.1.X
	
	YES
	Ignore

	UEID Subgrouping Support Indication 
	O
	
	ENUMERATED(true, …)
	
	YES
	Ignore


	Range bound
	Explanation

	maxnoofPagingCells
	Maximum no. of paging cells, the maximum value is 512. 


9.4.4
PDU Definitions

-- ASN1START 

-- **************************************************************

--

-- PDU definitions for F1AP.

--

-- **************************************************************

IMPORTS

<unchanged omitted>

SCGIndicator,

SpatialRelationPerSRSResource,

PEIPSAssistanceInfo,

UEIDSubgroupingSupportIndication
FROM F1AP-Containers

<unchanged omitted>

id-SCGIndicator,


id-SRSSpatialRelationPerSRSResource,

id-PEIPSAssistanceInfo,

id-UEIDSubgroupingSupportIndication,

maxCellingNBDU,


maxnoofCandidateSpCells,


maxnoofDRBs,


maxnoofErrors,


maxnoofIndividualF1ConnectionsToReset,


maxnoofPotentialSpCells,

maxnoofSCells,


maxnoofSRBs,


maxnoofPagingCells,


maxnoofTNLAssociations,


maxCellineNB,


maxnoofUEIDs,


maxnoofBHRLCChannels,


maxnoofRoutingEntries,


maxnoofChildIABNodes,


maxnoofServedCellsIAB,


maxnoofTLAsIAB,


maxnoofULUPTNLInformationforIAB,


maxnoofUPTNLAddresses,


maxnoofSLDRBs,


maxnoofTRPInfoTypes,


maxnoofTRPs

FROM F1AP-Constants;

<unchanged omitted>
-- **************************************************************

--

-- Paging PROCEDURE

--

-- **************************************************************

-- **************************************************************

--

-- Paging

--

-- **************************************************************

Paging ::= SEQUENCE {


protocolIEs


ProtocolIE-Container       {{ PagingIEs}},


...

}

PagingIEs F1AP-PROTOCOL-IES ::= {


{ ID id-UEIdentityIndexValue
CRITICALITY reject
TYPE UEIdentityIndexValue

PRESENCE mandatory
}|


{ ID id-PagingIdentity


CRITICALITY reject
TYPE PagingIdentity



PRESENCE mandatory
}|


{ ID id-PagingDRX



CRITICALITY ignore
TYPE PagingDRX




PRESENCE optional
}|


{ ID id-PagingPriority


CRITICALITY ignore
TYPE PagingPriority



PRESENCE optional
}|


{ ID id-PagingCell-List


CRITICALITY ignore
TYPE PagingCell-list


PRESENCE mandatory
}|


{ ID id-PagingOrigin


CRITICALITY ignore
TYPE PagingOrigin



PRESENCE optional
}|

{ ID id-PEIPSAssistanceInfo

CRITICALITY ignore
TYPE PEIPSAssistanceInfo

PRESENCE optional
}|

{ ID id-UEIDSubgroupingSupportIndication

CRITICALITY ignore
TYPE UEIDSubgroupingSupportIndication

PRESENCE optional
},

...

}

<unchanged omitted>
<<<<<<<<<<<<<<<<<<<< NEXT OF CHANGES >>>>>>>>>>>>>>>>>>>>

9.4.5
Information Element Definitions

-- ASN1START 

-- **************************************************************

--

-- Information Element Definitions

--

-- **************************************************************

<unchanged omitted>

id-EstimatedArrivalProbability,

id-TRPType,

id-SRSSpatialRelationPerSRSResource,

id-LastUsedCellIndication,

maxNRARFCN,

maxnoofErrors,


maxnoofBPLMNs,
<unchanged omitted>
-- C

<unchanged omitted>
CHOtrigger-IntraDU ::= ENUMERATED {


cho-initiation,


cho-replace,


cho-cancel,


...

}

CNSubgroupID ::= INTEGER (0..7, ...)

CNUEPagingIdentity ::= CHOICE {


fiveG-S-TMSI


BIT STRING (SIZE(48)),


choice-extension


ProtocolIE-SingleContainer { { CNUEPagingIdentity-ExtIEs } }

}

CNUEPagingIdentity-ExtIEs F1AP-PROTOCOL-IES ::= {


...

}

<unchanged omitted>
-- L

L139Info ::= SEQUENCE {


msg1SCS





ENUMERATED {scs15, scs30, scs60, scs120, ...},


rootSequenceIndex


INTEGER (0..137)







OPTIONAL,


iE-Extension



ProtocolExtensionContainer { {L139Info-ExtIEs} } 

OPTIONAL,


...

}

L139Info-ExtIEs F1AP-PROTOCOL-EXTENSION ::= {


...

}

L839Info ::= SEQUENCE {


rootSequenceIndex


INTEGER (0..837),


restrictedSetConfig


ENUMERATED {unrestrictedSet, restrictedSetTypeA,












restrictedSetTypeB, ...},


iE-Extension

ProtocolExtensionContainer { {L839Info-ExtIEs} } 

OPTIONAL,


...

}

L839Info-ExtIEs F1AP-PROTOCOL-EXTENSION ::= {


...

}
LastUsedCellIndication ::= ENUMERATED {true, ...}
LCID ::= INTEGER (1..32, ...)

<unchanged omitted>
-- P

<unchanged omitted>
PagingCell-Item ::= SEQUENCE {


nRCGI

NRCGI
,


iE-Extensions
ProtocolExtensionContainer { { PagingCell-ItemExtIEs } }
OPTIONAL

}

PagingCell-ItemExtIEs 
F1AP-PROTOCOL-EXTENSION ::= {

{
ID id-LastUsedCellIndication

CRITICALITY ignore 
EXTENSION LastUsedCellIndication

PRESENCE optional },

...

}

PagingDRX ::= ENUMERATED {


v32,


v64,


v128,


v256,


...

}

PagingIdentity ::=
CHOICE {


rANUEPagingIdentity
RANUEPagingIdentity,


cNUEPagingIdentity
CNUEPagingIdentity, 


choice-extension


ProtocolIE-SingleContainer { { PagingIdentity-ExtIEs } }

}

PagingIdentity-ExtIEs F1AP-PROTOCOL-IES::= {


...

}

PagingOrigin ::= ENUMERATED { non-3gpp,
...}

PagingPriority ::= ENUMERATED { priolevel1, priolevel2, priolevel3, priolevel4, priolevel5, priolevel6, priolevel7, priolevel8,...} 

PEIPSAssistanceInfo ::= SEQUENCE {


cNSubgroupID

CNSubgroupID,


iE-Extensions
ProtocolExtensionContainer { { PEIPSAssistanceInfo-ExtIEs } }
OPTIONAL

}

PEIPSAssistanceInfo-ItemExtIEs 
F1AP-PROTOCOL-EXTENSION ::= {


...

}
<unchanged omitted>
-- U

<unchanged omitted>
UE-CapabilityRAT-ContainerList::= OCTET STRING

UEContextNotRetrievable ::= ENUMERATED {true, ...}
UEIDSubgroupingSupportIndication ::= ENUMERATED {true, ...}
UEIdentityIndexValue ::= CHOICE {


indexLength10


BIT STRING (SIZE (10)),


choice-extension

ProtocolIE-SingleContainer { {UEIdentityIndexValueChoice-ExtIEs} }


}

UEIdentityIndexValueChoice-ExtIEs F1AP-PROTOCOL-IES ::= {


...

}

<<<<<<<<<<<<<<<<<<<< NEXT OF CHANGES >>>>>>>>>>>>>>>>>>>>

9.4.7
Constant Definitions

-- ASN1START 

-- **************************************************************

--

-- Constant definitions

--

-- **************************************************************

<unchanged omitted>
-- **************************************************************

--

-- IEs

--

-- **************************************************************

<unchanged omitted>
id-SFN-Offset









ProtocolIE-ID ::= 429
id-TransmissionStopIndicator





ProtocolIE-ID ::= 430

id-SrsFrequency









ProtocolIE-ID ::= 431
id-SCGIndicator









ProtocolIE-ID ::= 432

id-EstimatedArrivalProbability





ProtocolIE-ID ::= 433

id-TRPType










ProtocolIE-ID ::= 434

id-SRSSpatialRelationPerSRSResource




ProtocolIE-ID ::= 435
id-PEIPSAssistanceInfo







ProtocolIE-ID ::= xxx
id-UEIDSubgroupingSupportIndication




ProtocolIE-ID ::= xxx
id-LastUsedCellIndication






ProtocolIE-ID ::= xxx
<unchanged omitted>
<<<<<<<<<<<<<<<<<<<< END OF CHANGES >>>>>>>>>>>>>>>>>>>>
