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1	Introduction
In TS 23.501, SA2 has designed a new mechanism in release 18 related to enforcing Network Slice Area of Service not matching deployed tracking areas. In this mechanism, the SMF subscribes to “UE mobility event notification” to be informed by AMF when the UE is “IN” or “OUT” of the NS-AoS and the AMF configures for this AOI reporting towards the gNB where the AoI corresponds to the NS-AoS of the slice.  This is described in TS 23.501 section 5.15.18.3 as follows:
5.	When the AMF determines that the S-NSSAI of a PDU Session is restricted to an NS-AoS in the PDU session, the AMF indicates to the SMF that the PDU Session is subject to area restriction for the S-NSSAI. As a result, the SMF subscribes to "UE mobility event notification" event for reporting UE presence in Area of Interest by providing S-NSSAI to the AMF as described in clauses 5.6.11 and 5.3.4.4 if this event has not been subscribed before. The AMF determines the UE presence in Area of Interest as described in Annex D, clauses D.1 and D.2 of TS 23.502 [3] and notifies the result to the SMF. When SMF is notified that the UE location is outside of Area of Interest, SMF shall not send user data as payload of NAS message (see clause 5.31.4.1) in downlink directions and disable data notification.
Based on the information, the SMF refrains or not from paging the UE for the slice.
However, this mechanism has an issue in the typical case where the UE has several PDU sessions which can be of different S-NSSAIs. This paper describes this issue and investigates possible solutions. 
2	Discussion
Suppose that a UE is operating on 3 slices with respective IDs 1, 2, 3. Each of those slices is associated with a respective area of interest AoI1, AoI2 and AoI3. Furthermore, slice 1 and the respective AoI1 also match the network slice area of service (NS-AoS) of slice 1. Each of the AoIs is associated with the below cell list:
Slice 1: AoI 1 = {cell 1, cell 2, cell 3}
Slice 2: AoI 2 = {cell 2, cell 3, cell 4}
Slice 3: AoI 3 = {cell 3, cell 4, cell 5, cell 6}
The cells are deployed in an area as shown in the figure below, where each color represents the cells controlled by an NG-RAN node (gNB). For instance, green color (gNB1), orange color (gNB2) and pink color (gNB3). All the cells shown are within the registration area (RA) of the UE. 
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Figure 1: RA of the UE and cell distribution in TAs of the RA and UE positioning in a cell within the RA.

While the UE moves in the RA, UE is currently in cell 3 that is controlled by gNB1. gNB1 decides to bring the UE to RRC_INACTIVE state. In that case gNB1 has to build the RNA for the UE. Based on gNB1’s decision there are several ways for RNA construction as listed below:

Options: a) RNA = {cell 1, cell 2, cell 3}, b) RNA = {cell 1, cell 2, cell 3, cell 4, cell 5, cell 6}, c) RNA = {cell 3}

If NG-RAN location reporting is enabled by AMF then based on the chosen RNA from the gNB we would have the following possible reporting options from NG-RAN towards AMF:

· If gNB1 builds RNA = {cell 1, cell 2, cell 3}
· AoI reporting to AMF looks as:
· AoI 1 -> IN, AoI 2 -> UNKNOWN, AoI 3 -> UNKNOWN
· AMF knows where the UE is regarding AoI1 related to NS-AoS of slice 1, so it does not need to page the NG-RAN for slice 1, but it has to page for all other slices.

· If gNB1 builds RNA = {cell 1, cell 2, cell 3, cell 4, cell 5, cell 6}
· AoI reporting to AMF looks as:
· AoI 1 -> UNKNOWN, AoI 2 -> UNKNOWN, AoI 3 -> UNKNOWN
· UE has to be paged in any of the cells of RNA, potentially even the whole cells of the RA for all slices as the AMF does not know exactly where the UE is. This introduces high number of paging requests.

· If gNB1 builds RNA = {cell 3}
· AoI reporting to AMF looks as:
· AoI 1 -> IN, AoI 2 -> IN, AoI 3 -> IN
· Low number of paging requests as the AMF knows where the UE is, but high number of RNA updates as RNA contains only one cell.

Considering the above scenario, if RNA constructed by gNB1 was selected to be RNA = {cell 1, cell 2, cell 3, cell 4, cell 5, cell 6} and the UE was moving within the RNA for instance now UE is in cell 5, if AMF had a request for downlink data for slice 1 for the UE, the network would need to page the whole RNA potentially for the UE to respond as AMF does not know exactly where the UE is (AoI 1 location reporting would be UNKNOWN as shown above). UE would be paged and respond to the paging request towards AMF. AMF would realize that the UE is in cell 5 that is outside the NS-AoS of slice 1 and will not be able to provide service to the UE. So that would mean UE went to RRC_CONNECTED in vain.
Observation 1: When a gNB receives multiple AoIs related to a UE, where one or more of such AoIs are related to slices that are partially supported in RA or partially available in a TA, then when UE goes to RRC_INACTIVE depending on how RNA is constructed by gNB the following might occur:
1)  high number of RNA updates if RNA is restricted to a low number of cells.
2)  high number of paging requests if RNA contains a large number of cells.
3)  UE might be paged in a cell where it cannot receive service so this results in frequent unnecessary end to end signalling since AMF does not know where the UE is until UE wakes up.

RAN3 is invited to discuss the above issue.
The network needs to set the right trade-off. gNB has interest to set the RNA as large as possible to mitigate the number of RNA updates, but this may not be suitable for 5GC depending on how the slice is important or frequently triggered to make these useless paging attempts. 
One solution can be for AMF to indicate to gNB for which AoIs it requires to have only “IN” or “OUT” response, and not “UNKNOWN” because they correspond to slices related to area restrictions. But other solutions are not precluded.
Proposal: RAN3 is invited to discuss the problem above and discuss the CR below where the AMF can indicate for which AoIs it requires to have only “IN” or “OUT” response. Other solutions are not precluded.
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9.3.1.15	Core Network Assistance Information for RRC INACTIVE
This IE provides assistance information for RRC_INACTIVE configuration.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	UE Identity Index Value
	M
	
	9.3.3.23
	
	-
	

	UE Specific DRX
	O
	
	Paging DRX
9.3.1.90
	
	-
	

	Periodic Registration Update Timer
	M
	
	9.3.3.24
	
	-
	

	MICO Mode Indication
	O
	
	9.3.1.23
	
	-
	

	TAI List for RRC Inactive
	
	1
	
	
	-
	

	>TAI List for RRC Inactive Item
	
	1..<maxnoofTAIforInactive>
	
	
	-
	

	>>TAI
	M
	
	9.3.3.11
	
	-
	

	Expected UE Behaviour
	O
	
	9.3.1.93
	
	-
	

	E-UTRA Paging eDRX Information
	O
	
	9.3.1.154
	
	YES
	ignore

	Extended UE Identity Index Value
	O
	
	9.3.3.52
	
	YES
	ignore

	UE Radio Capability for Paging
	O
	
	9.3.1.68
	
	YES
	ignore

	MICO All PLMN
	O
	
	9.3.1.194
	
	YES
	ignore

	NR Paging eDRX Information
	O
	
	9.3.1.227
	
	YES
	ignore

	Paging Cause Indication for Voice Service
	O
	
	ENUMERATED (supported, …) 
	This IE indicates whether the UE supports the feature of indication of paging cause for voice service.
	YES
	ignore

	PEIPS Assistance Information
	O
	
	9.3.1.232
	
	YES
	ignore

	Hashed UE Identity Index Value
	O
	
	9.3.3.62
	
	YES
	ignore

	CN MT Communication Handling
	O
	
	[bookmark: _Hlk133253429]ENUMERATED (supported, …)
	This IE indicates the CN support of CN based MT communication handling.
	YES
	ignore

	AoI Restriction List for RRC Inactive
	
	0..1
	
	Indicates the Area of Interest which should be reported only “IN” or “OUT” when gNB builds the RNA.
	-
	

	>AoI Restriction List for RRC Inactive Item
	
	1..<maxnoofAoI>
	
	
	-
	

	>>Area Of Interest
	M
	
	9.3.1.66
	
	-
	

	>>Location Reporting Reference ID
	M
	
	9.3.1.76
	
	-
	



	Range bound
	Explanation

	maxnoofTAIforInactive
	Maximum no. of TAIs for RRC Inactive. Value is 16.

	maxnoofAoI
	Maximum no. of AoIs for RRC Inactive. Value is 64.
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[bookmark: _Toc20955356][bookmark: _Toc29503809][bookmark: _Toc29504393][bookmark: _Toc29504977][bookmark: _Toc36553430][bookmark: _Toc36555157][bookmark: _Toc45652556][bookmark: _Toc45658988][bookmark: _Toc45720808][bookmark: _Toc45798688][bookmark: _Toc45898077][bookmark: _Toc51746284][bookmark: _Toc64446549][bookmark: _Toc73982419][bookmark: _Toc88652509][bookmark: _Toc97891553][bookmark: _Toc99123758][bookmark: _Toc99662564][bookmark: _Toc105152643][bookmark: _Toc105174449][bookmark: _Toc106109447][bookmark: _Toc107409905][bookmark: _Toc112757094][bookmark: _Toc162973953]9.4.5	Information Element Definitions
-- ASN1START
-- **************************************************************
--
-- Information Element Definitions
--
-- **************************************************************

NGAP-IEs {
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 
ngran-Access (22) modules (3) ngap (1) version1 (1) ngap-IEs (2) }

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

IMPORTS
<<<<<<<<<<<<<<<<<<<< Unmodified Text Omitted >>>>>>>>>>>>>>>>>>>>
	id-PDUSetbasedHandlingIndicator,
	id-N6JitterInformation,
	id-ECNMarkingorCongestionInformationReportingRequest,
	id-ECNMarkingorCongestionInformationReportingStatus,
	id-XrDeviceWith2Rx,
	id-AoIRestrictionListForRRCInactive,
	maxnoofAllowedAreas,
	maxnoofAllowedCAGsperPLMN,


<<<<<<<<<<<<<<<<<<<< Unmodified Text Omitted >>>>>>>>>>>>>>>>>>>>
CoreNetworkAssistanceInformationForInactive ::= SEQUENCE {
	uEIdentityIndexValue				UEIdentityIndexValue,
	uESpecificDRX						PagingDRX																	OPTIONAL,
	periodicRegistrationUpdateTimer		PeriodicRegistrationUpdateTimer,
	mICOModeIndication					MICOModeIndication															OPTIONAL,
	tAIListForInactive					TAIListForInactive,
	expectedUEBehaviour					ExpectedUEBehaviour															OPTIONAL,
	iE-Extensions		ProtocolExtensionContainer { {CoreNetworkAssistanceInformationForInactive-ExtIEs} }	OPTIONAL,
	...
}

CoreNetworkAssistanceInformationForInactive-ExtIEs NGAP-PROTOCOL-EXTENSION ::= {
	{ ID id-EUTRA-PagingeDRXInformation					CRITICALITY ignore	EXTENSION EUTRA-PagingeDRXInformation					PRESENCE optional	}|
	{ ID id-ExtendedUEIdentityIndexValue				CRITICALITY ignore	EXTENSION ExtendedUEIdentityIndexValue					PRESENCE optional	}|
	{ ID id-UERadioCapabilityForPaging					CRITICALITY ignore	EXTENSION UERadioCapabilityForPaging						PRESENCE optional	}|
	{ ID id-MicoAllPLMN									CRITICALITY ignore	EXTENSION MicoAllPLMN											PRESENCE optional	}|
	{ ID id-NR-PagingeDRXInformation					CRITICALITY ignore	EXTENSION NR-PagingeDRXInformation						PRESENCE optional	}|
	{ ID id-PagingCauseIndicationForVoiceService		CRITICALITY ignore	EXTENSION PagingCauseIndicationForVoiceService		PRESENCE optional	}|
	{ ID id-PEIPSassistanceInformation					CRITICALITY ignore	EXTENSION PEIPSassistanceInformation						PRESENCE optional	}|
[bookmark: _Hlk152098090]	{ ID id-HashedUEIdentityIndexValue					CRITICALITY ignore	EXTENSION HashedUEIdentityIndexValue						PRESENCE optional	}|
	{ ID id-CN-MT-CommunicationHandling					CRITICALITY ignore	EXTENSION 	 CN-MT-CommunicationHandling				PRESENCE optional	}|
	{ ID id-AoIRestrictionList-ForRRCInactive			CRITICALITY ignore	EXTENSION 	 AreaOfInterestList				PRESENCE optional	},
	...
}

CN-MT-CommunicationHandling ::= ENUMERATED {supported, ...}

<<<<<<<<<<<<<<<<<<<< Unmodified Text Omitted >>>>>>>>>>>>>>>>>>>>
[bookmark: _Toc20955358][bookmark: _Toc29503811][bookmark: _Toc29504395][bookmark: _Toc29504979][bookmark: _Toc36553432][bookmark: _Toc36555159][bookmark: _Toc45652558][bookmark: _Toc45658990][bookmark: _Toc45720810][bookmark: _Toc45798690][bookmark: _Toc45898079][bookmark: _Toc51746286][bookmark: _Toc64446551][bookmark: _Toc73982421][bookmark: _Toc88652511][bookmark: _Toc97891555][bookmark: _Toc99123760][bookmark: _Toc99662566][bookmark: _Toc105152645][bookmark: _Toc105174451][bookmark: _Toc106109449][bookmark: _Toc107409907][bookmark: _Toc112757096][bookmark: _Toc162973955]9.4.7	Constant Definitions
-- ASN1START
-- **************************************************************
--
-- Constant definitions
--
-- **************************************************************

NGAP-Constants { 
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 
ngran-Access (22) modules (3) ngap (1) version1 (1) ngap-Constants (4) } 

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

<<<<<<<<<<<<<<<<<<<< Unmodified Text Omitted >>>>>>>>>>>>>>>>>>>>
	id-ERedCapIndication									ProtocolIE-ID ::= 427
	id-XrDeviceWith2Rx										ProtocolIE-ID ::= 428
	id-UserPlaneErrorIndicator								ProtocolIE-ID ::= 429
	id-SLPositioningRangingServiceInfo						ProtocolIE-ID ::= 430
	id-AoIRestrictionList-ForRRCInactive					ProtocolIE-ID ::= xxx



END
-- ASN1STOP

<<<<<<<<<<<<<<<<<<<< End of Changes >>>>>>>>>>>>>>>>>>>>
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