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Introduction

The RAN work item on Enhancements of NR RAN Slicing has been agreed in [2]. 
This paper provides our analysis on the remaining open points related to Network Slice Service Continuity.

It especially presents again the issue of ensuring slice service continuity whenever an original slice is restored after congestion or maintenance phase, and shows that it is beneficial that 5GC sends both original and alternative slices to the gNB 
It provides some draft TP for baseline CR TS 38.413/TS 38.423.  
Discussion
At the last RAN3#121bis meeting, the handling of slice replacement in some typical mobility scenarios was inconclusive due to lack of time for any come back.
So far, the impact on RAN3 of the slice replacement feature of SA2 has mostly focused on the change from original slice to alternative slice. However, it has neglected the associated issue of the change back from alternative slice into original slice when the congestion phase or the maintenance phase is over, or simply when the 5GC wants to restore the original slice to a particular UE. 

Indeed, it is recalled that the slice replacement feature may be applied on a per UE basis i.e. the 5GC needs not necessarily switch the original slice to alternative slices for all UEs when congestion happens.

The following scenario focuses again on the issue of ensuring slice service continuity whenever 5GC restores an original slice for a UE: it shows the need to send both (Original S-NSSAI and Alternative S-NSSAI) for possible restoration of the original S-NSSAI at the end of congestion (or maintenance phase).

1. Only Alternative S-NSSAI sent to gNB in PDU Session Setup: The restoration of Original S-NSSAI is not possible

The following figure 1 first shows an example call flow of the current situation where a gNB 1 only receives the Alternative S-NSSAI 2 in the PDU Session setup request message. 
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Figure 1: gNB not aware of original S-NSSAI 1: no restoration of S-NSSAI 1
Step 2: gNB 1 receives PDU Session setup request with S-NSSAI 2 and is not informed in NGAP PDU Session Setup Request that the received S-NSSAI 2 has been re-mapped from an original S-NSSAI 1.

Step 3:  when the UE is handed over to a gNB2 only supporting S-NSSAI 2, the gNB1 can therefore also only include the S-NSSAI 2 in the handover request message to gNB2. As a result, gNB2 is also not aware that this S-NSSAI2 has been remapped from S-NSSAI 1.

Step 4: At subsequent handover from source gNB2, gNB2 has choice between gNB3 only supporting S-NSSAI 2 or gNB4 supporting S-NSSAI 1 (which has been restored by 5GC) and S-NSSAI 2. gNB2 selects gNB3.
Once UE is handed over the gNB 3, it is stuck on S-NSSAI 2 because 5GC cannot restore the S-NSSAI 1 in gNB3 because gNB3 only supports S-NSSAI 2.

Observation 1: if a gNB only receives the Alternative S-NSSAI 2 in PDU Session Setup, it selects wrong target gNB which cannot enable 5GC to restore the original S-NSSAI 1 and the UE is stuck continuing on S-NSSAI 2.

2. Both Alternative S-NSSAI and Original S-NSSAI sent to gNB in PDU Session Setup: restoration of Original S-NSSAI is possible

The figure 2 shows instead an example call flow where a gNB 1 receives both the Alternative S-NSSAI 2 and the original S-NSSAI 1 in the PDU Session setup request message. 
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Figure 2: gNB made aware of original S-NSSAI 1: Restoration possible by 5GC after handover

Step 2: gNB 1 receives PDU Session setup request with both S-NSSAI 2 and S-NSSAI 1: it is thereby informed in NGAP PDU Session Setup Request that the received S-NSSAI 2 has been re-mapped from an original S-NSSAI 1.

Step 3:  when the UE is handed over to a gNB2 only supporting S-NSSAI 2, the gNB1 can therefore also include both the S-NSSAI 2 and the original S-NSSAI 1 in the handover request message to gNB2. As a result, gNB2 is aware that this S-NSSAI2 has been remapped from S-NSSAI 1.

Step 4: At subsequent handover from source gNB2, gNB2 has choice between gNB3 only supporting S-NSSAI 2 or gNB4 supporting S-NSSAI 1 (which has been restored by 5GC) and S-NSSAI 2. gNB2 can selects gNB4 because gNB4 enables restoration of S-NSSAI 1.

Step 5: after completion of the handover the UE is located in gNB4 which supports S-NSSAI 1. The 5GC can send PDU Session Modify Request to ask to replace back S-NSSAI 2 into -NSSAI 1.
The restoration is successful.

Observation 2: if a gNB receives both the Alternative S-NSSAI 2 and the original S-NSSAI 1 in the PDU Session Setup Request message, it can select proper handover target enabling 5GC to restore the original S-NSSAI 1 when needed by 5GC. 

Based on observations 1, 2 we can draw the following proposal:
Proposal 1: add both Alternative S-NSSAI and Original S-NSSAI IE in the NGAP PDU Session Setup Request and the XnAP Handover Request message.

Conclusion

This paper has shown why gNB should be aware of the original slice i.e. should receive both original and alternative slice in the PDU Session Setup Request (or Initial Context Setup Request) after replacement in 5GC. 
Proposal 1: add both Alternative S-NSSAI and Original S-NSSAI IE in the NGAP PDU Session Setup Request and the XnAP Handover Request message.

The corresponding draft TPs for TS 38.413 and TS 38.423 are provided here-below.
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8.2.1.2
Successful Operation
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Figure 8.2.1.2-1: PDU session resource setup: successful operation

The AMF initiates the procedure by sending a PDU SESSION RESOURCE SETUP REQUEST message to the NG-RAN node.

Not modified
For each PDU session, if the Redundant PDU Session Information IE is included in the PDU Session Resource Setup Request Transfer IE contained in the PDU SESSION RESOURCE SETUP REQUEST message, the NG-RAN node shall, if supported, store the received information in the UE context and setup the redundant user plane for the redundant PDU session as specified in TS38.300 [8] and TS 23.501 [9]. If the PDU Session Type IE is set to “ethernet” and the redundancy requirement is fulfilled using a secondary NG-RAN node, the NG-RAN node shall, if supported, include the Global RAN Node ID of Secondary NG-RAN Node IE in the PDU Session Resource Setup Response Transfer IE of the PDU SESSION RESOURCE SETUP RESPONSE message. If the PDU Session Pair ID IE is included in the Redundant PDU Session Information IE, the NG-RAN node may use it to identify the paired PDU sessions.
For each PDU session, if the Original S-NSSAI IE included in the PDU SESSION RESOURCE SETUP REQUEST message the NG-RAN node shall consider that the S-NSSAI of the PDU session has been remapped in the core network from the original S-NSSAI as specified in TS 23.501 [9].
The NG-RAN node shall report to the AMF in the PDU SESSION RESOURCE SETUP RESPONSE message the result for each PDU session resource requested to be setup: 

Not modified
9.2.1.1
PDU SESSION RESOURCE SETUP REQUEST

This message is sent by the AMF and is used to request the NG-RAN node to assign resources on Uu and NG-U for one or several PDU session resources.

Direction: AMF ( NG-RAN node
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	reject

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject

	RAN Paging Priority
	O 
	
	9.3.3.15
	
	YES
	ignore

	NAS-PDU
	O
	
	9.3.3.4
	
	YES
	reject

	PDU Session Resource Setup Request List
	
	1
	
	
	YES
	reject

	>PDU Session Resource Setup Request Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>PDU Session NAS-PDU
	O
	
	NAS-PDU

9.3.3.4
	
	-
	

	>>S-NSSAI 
	M
	
	9.3.1.24
	
	-
	

	>>PDU Session Resource Setup Request Transfer
	M
	
	OCTET STRING
	Containing the PDU Session Resource Setup Request Transfer IE specified in subclause 9.3.4.1.
	-
	

	>>PDU Session Expected UE Activity Behaviour
	O
	
	Expected UE Activity Behaviour

9.3.1.94
	Expected UE Activity Behaviour for the PDU Session.
	YES
	ignore

	>>Original S-NSSAI 
	M
	
	9.3.1.24
	
	-
	

	UE Aggregate Maximum Bit Rate
	O
	
	9.3.1.58
	
	YES
	ignore

	UE Slice Maximum Bit Rate List
	O
	
	9.3.1.231
	
	YES
	ignore


Not modified
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
Not modified

id-NR-PagingeDRXInformation,


id-OldAssociatedQosFlowList-ULendmarkerexpected,


id-OnboardingSupport,

id-Original-S-NSSAI,


id-PagingAssisDataforCEcapabUE,


id-PagingCauseIndicationForVoiceService,

Not modified
PDUSessionResourceModifyListModReq ::= SEQUENCE (SIZE(1..maxnoofPDUSessions)) OF PDUSessionResourceModifyItemModReq

PDUSessionResourceModifyItemModReq ::= SEQUENCE {


pDUSessionID







PDUSessionID,


nAS-PDU









NAS-PDU












OPTIONAL,


pDUSessionResourceModifyRequestTransfer

OCTET STRING (CONTAINING PDUSessionResourceModifyRequestTransfer),


iE-Extensions

ProtocolExtensionContainer { {PDUSessionResourceModifyItemModReq-ExtIEs} }
OPTIONAL,


...

}

PDUSessionResourceModifyItemModReq-ExtIEs NGAP-PROTOCOL-EXTENSION ::= {


{ ID id-S-NSSAI










CRITICALITY reject
EXTENSION S-NSSAI





PRESENCE optional
}|


{ ID id-PduSessionExpectedUEActivityBehaviour


CRITICALITY ignore
EXTENSION ExpectedUEActivityBehaviour
PRESENCE optional
}|


{ ID id-Original-S-NSSAI


CRITICALITY reject
EXTENSION S-NSSAI
PRESENCE optional
},


...

}

Not modified

id-EarlyMeasurement









ProtocolIE-ID ::= 360


id-BeamMeasurementsReportConfiguration




ProtocolIE-ID ::= 361


id-HFCNode-ID-new









ProtocolIE-ID ::= 362


id-GlobalCable-ID-new








ProtocolIE-ID ::= 363


id-TargetHomeENB-ID









ProtocolIE-ID ::= 364


id-HashedUEIdentityIndexValue






ProtocolIE-ID ::= 365


id-ExtendedMobilityInformation






ProtocolIE-ID ::= 366


id-Original-S-NSSAI









ProtocolIE-ID ::= xxx
END

-- ASN1STOP

TP for TS 38.423 for Network Slice Service Continuity
8.2.1.2
Successful Operation
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I- Figure 8.2.1.2-1: Handover Preparation, successful operation

The source NG-RAN node initiates the procedure by sending the HANDOVER REQUEST message to the target NG-RAN node. When the source NG-RAN node sends the HANDOVER REQUEST message, it shall start the timer TXnRELOCprep.
Not modified
For each PDU session if the PDU Session Aggregate Maximum Bit Rate IE is included in the PDU Session Resources To Be Setup List IE contained in the HANDOVER REQUEST message, the target NG-RAN node shall store the received PDU Session Aggregate Maximum Bit Rate in the UE context and use it when enforcing traffic policing for Non-GBR QoS flows for the concerned UE as specified in TS 23.501 [7].
For each QoS flow for which the source NG-RAN node proposes to perform forwarding of downlink data, the source NG-RAN node shall include the DL Forwarding IE set to "DL forwarding proposed" within the Data Forwarding and Offloading Info from source NG-RAN node IE in the PDU Session Resources To Be Setup List IE in the HANDOVER REQUEST message. The source NG-RAN node shall include the DL Forwarding IE set to "DL forwarding proposed" for all the QoS flows mapped to a DRB, if it requests a DAPS handover for that DRB. 

For each PDU session, if the Original S-NSSAI IE included in the HANDOVER REQUEST message the target NG-RAN node shall consider that the S-NSSAI of the PDU session has been remapped in the core network from the original S-NSSAI as specified in TS 23.501 [9].
Not modified
9.2.1.1
PDU Session Resources To Be Setup List

This IE contains PDU session resource related information used at UE context transfer between NG-RAN nodes.

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

	PDU Session Resources To Be Setup List
	
	1
	
	
	–
	

	>PDU Session Resources To Be Setup Item
	
	1 .. <maxnoof PDU sessions >
	
	
	–
	

	>>PDU Session ID
	M
	
	9.2.3.18
	
	–
	

	>>S-NSSAI
	M
	
	9.2.3.21
	
	–
	

	>>PDU Session Resource Aggregate Maximum Bitrate
	O
	
	PDU Session Aggregate Maximum Bit Rate

9.2.3.69
	This IE shall be present when at least one Non-GBR QoS Flow has been setup.
	–
	

	>>UL NG-U UP TNL Information at UPF 
	M
	
	UP Transport Layer Information 9.2.3.30
	UPF endpoint of the NG-U transport bearer. For delivery of UL PDUs
	–
	

	>>Source DL NG-U TNL Information
	O
	
	UP Transport Layer Information 9.2.3.30
	Indicates the possibility to keep the NG-U GTP-U tunnel termination point at the target NG-RAN node.
	–
	

	>>Security Indication
	O
	
	9.2.3.52
	
	–
	

	>>PDU Session Type
	M
	
	9.2.3.19
	
	–
	

	>>Network Instance
	O
	
	9.2.3.85
	This IE is ignored if the Common Network Instance IE is present.
	–
	

	>>QoS Flows To Be Setup List
	
	1
	
	
	–
	

	>>>QoS Flows To Be Setup Item
	
	1 .. <maxnoofQoSFlows>
	
	
	–
	

	>>>>QoS Flow Identifier
	M
	
	9.2.3.10
	
	–
	

	>>>>QoS Flow Level QoS Parameters 
	M
	
	9.2.3.5
	
	–
	

	>>>>E-RAB ID
	O
	
	INTEGER (0..15, …)
	
	–
	

	>>>>TSC Traffic Characteristics
	O
	
	9.2.3.114
	
	YES
	ignore

	>>>>Redundant QoS Flow Indicator
	O
	
	9.2.3.118
	
	YES
	ignore

	>>Data Forwarding and Offloading Info from source NG-RAN node
	O
	
	9.2.1.17
	
	–
	

	>>Additional UL NG-U UP TNL Information at UPF List
	O
	
	Additional UP Transport Layer Information 9.2.1.32
	Additional UPF endpoint of the NG-U transport bearer. For delivery of UL PDUs
	YES
	ignore

	>> Common Network Instance
	O
	
	9.2.3.92
	
	YES
	ignore

	>>Redundant UL NG-U UP TNL Information at UPF 
	O
	
	UP Transport Layer Information 9.2.3.30
	UPF endpoint of the NG-U transport bearer. For delivery of UL PDUs for the redundant transmission
	YES
	ignore

	>>Additional Redundant UL NG-U UP TNL Information at UPF List
	O
	
	Additional UP Transport Layer Information 9.2.1.32
	Additional Redundant UPF endpoint of the NG-U transport bearer. For delivery of UL PDUs
	YES
	ignore

	>>Redundant Common Network Instance
	O
	
	Common Network Instance

9.2.3.92
	
	YES
	ignore

	>>Redundant PDU Session Information
	O
	
	9.2.3.112
	
	YES
	ignore

	>>MBS Session Associated Information
	O
	
	9.2.1.37
	
	YES
	ignore

	>>Original S-NSSAI
	O
	
	9.2.3.21
	
	YES
	ignore


Not modified
9.3.5
Information Element definitions

-- ASN1START

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

--

-- Information Element Definitions

--

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

XnAP-IEs {

itu-t (0) identified-organization (4) etsi (0) mobileDomain (0)

ngran-access (22) modules (3) xnap (2) version1 (1) xnap-IEs (2) }

DEFINITIONS AUTOMATIC TAGS ::=

BEGIN
Not modified

id-CoverageModificationCause,

id-UERLFReportContainerLTEExtension,

id-ExcessPacketDelayThresholdConfiguration,


id-Full-and-Short-I-RNTI-Profile-List,

id-QosFlowMappingIndication,

id-Original-S-NSSAI,

maxEARFCN,


maxnoofAllowedAreas,

Not modified
-- **************************************************************

--

-- PDU Session Resources To Be Setup List

--

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

PDUSessionResourcesToBeSetup-List ::= SEQUENCE (SIZE(1..maxnoofPDUSessions)) OF PDUSessionResourcesToBeSetup-Item
PDUSessionResourcesToBeSetup-Item ::= SEQUENCE {


pduSessionId




PDUSession-ID,


s-NSSAI






S-NSSAI,

pduSessionAMBR




PDUSessionAggregateMaximumBitRate












OPTIONAL,

uL-NG-U-TNLatUPF



UPTransportLayerInformation,


source-DL-NG-U-TNL-Information  UPTransportLayerInformation














OPTIONAL,

securityIndication



SecurityIndication
















OPTIONAL,


pduSessionType




PDUSessionType,


pduSessionNetworkInstance

PDUSessionNetworkInstance














OPTIONAL,


qosFlowsToBeSetup-List


QoSFlowsToBeSetup-List,


dataforwardinginfofromSource
DataforwardingandOffloadingInfofromSource










OPTIONAL,

iE-Extensions




ProtocolExtensionContainer { {PDUSessionResourcesToBeSetup-Item-ExtIEs} } 
OPTIONAL,


...

}

PDUSessionResourcesToBeSetup-Item-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {

{ ID id-Additional-UL-NG-U-TNLatUPF-List


CRITICALITY ignore
EXTENSION Additional-UL-NG-U-TNLatUPF-List 

PRESENCE optional}|

{ ID id-PDUSessionCommonNetworkInstance



CRITICALITY ignore
EXTENSION PDUSessionCommonNetworkInstance

PRESENCE optional}|
{ ID id-Redundant-UL-NG-U-TNLatUPF




CRITICALITY
ignore
EXTENSION UPTransportLayerInformation



PRESENCE optional}|

{ ID id-Additional-Redundant-UL-NG-U-TNLatUPF-List
CRITICALITY ignore
EXTENSION Additional-UL-NG-U-TNLatUPF-List  
PRESENCE optional}|

{ ID id-RedundantCommonNetworkInstance



CRITICALITY ignore
EXTENSION PDUSessionCommonNetworkInstance

PRESENCE optional}|

{ ID id-RedundantPDUSessionInformation



CRITICALITY ignore
EXTENSION RedundantPDUSessionInformation


PRESENCE optional}|

{ ID id-MBS-SessionAssociatedInformation


CRITICALITY ignore
EXTENSION MBS-SessionAssociatedInformation

PRESENCE optional}|


{ ID id-Original-S-NSSAI


CRITICALITY ignore
EXTENSION S-NSSAI

PRESENCE optional},


...

}

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

Not modified
9.3.7
Constant definitions

-- ASN1START

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

--

-- Constant definitions

--

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

XnAP-Constants {

itu-t (0) identified-organization (4) etsi (0) mobileDomain (0)

ngran-Access (22) modules (3) xnap (2) version1 (1) xnap-Constants (4) }

DEFINITIONS AUTOMATIC TAGS ::=

BEGIN
Not modified
id-UERLFReportContainerLTEExtension









ProtocolIE-ID ::= 370
id-ExcessPacketDelayThresholdConfiguration








ProtocolIE-ID ::= 371

id-HashedUEIdentityIndexValue











ProtocolIE-ID ::= 372

id-QosFlowMappingIndication












ProtocolIE-ID ::= 373

id-Full-and-Short-I-RNTI-Profile-List









ProtocolIE-ID ::= 374
id-Original-S-NSSAI













ProtocolIE-ID ::= xxx
END

-- ASN1STOP
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