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Introduction

The RAN work item on Enhancements of NR RAN Slicing has been agreed in [1]. 
This paper provides our analysis on the remaining open points related to Partially Allowed NSSAI.

It provides some draft TPs for baseline CR TS 38.300 and TS 38.413.  
Discussion

1. Availability of a slice across the registration area in stage 2
The current TS 38.300 assumes availability of a slice across the UE’s RA.

This is true for an allowed S-NSSAI but not true for a partially allowed S-NSSAI where the slice may not be supported in some TA.

Moreover, in release 18, even if slice support remains per TA, the “availability” itself becomes on per cell granularity considering the cells configured with zero resources in case of non-homogeneous support.

This needs to be reflected in the TS 38.300 and it is proposed to:

· Provide some definition of “slice available” which doesn’t exist today

· Remove the following sentence in section 16.3.1 which is wrong:

It is assumed that the slice availability does not change within the UE's registration area (see TS 23.501 [3]).

Proposal 1: agree the TP below for TS 38.300 to specify/correct slice availability in release 18.

2. Enforcing maximum number of partially Allowed NSSAI in stage 3
SA2 has concluded that the total of Allowed NSSAI + Partially Allowed NSSAI for a UE shall not exceed 8.

At last RAN3#121bis meeting, RAN3 agreed corresponding abnormal condition from the receiver side (i.e. the NG-RAN node) which indirectly specifies the sender side (i.e. the AMF).

At the same time, a UE must have at least one S-NSSAI in the Allowed NSSAI.

As a result, the number of slices in the partially Allowed NSSAI will never exceed 7 (8 minus 1). 

The question arises therefore whether this additional restriction should be addressed in RAN3 specifications?

There are three possible ways to address this:

· Change in asn1 the max nb of partially allowed slices from 8 to 7.

· Add an abnormal condition to specify this new restriction

· Do nothing.
In our view there is no real need to change the asn1 variable maxnbofAllowedNSSAI to 7 because this asn1 variable is an upper bound which is most of time dimensioned with some margin, above used values. Therefore, current setting at value 8 is good enough, even if value 8 will never be used in release 18.

Having yet an abnormal condition seems also over specification: one can consider that it is covered by the restriction added last time about the total allowed + partially allowed slices, given that the minimum number of one allowed S-NSSAI was never specified. 

Proposal 2: No need to address that the maximum number of partially allowed NSSAI shall not exceed 7.

3. Deactivation of User Plane when moving into non-supporting TA (or outside AoS)
SA2 agreed at last SA2 meeting that RAN shall deactivate the UP resources when UE moves into a non-supporting TA, or a cell outside the AoS of the slice: This was agreed in S2-2309694:

For a UE in CM-CONNECTED state, when a PDU Session is established on an S-NSSAI included in the Partially Allowed NSSAI, the User Plane resources are activated and the UE moves to a TA where the S-NSSAI is not supported, the NG-RAN deactivates the User Plane resources as described in the AN initiated modification of a PDU Session in clause 4.3.3.2 in TS 23.502 [3].

Looking at TS 23.502, the section 4.3.3.2 states the following at step 1e:

1e.
(AN initiated modification) (R)AN shall indicate to the SMF when the AN resources onto which a QoS Flow is mapped are released irrespective of whether notification control is configured. (R)AN sends the N2 message (PDU Session ID, N2 SM information) to the AMF. The N2 SM information includes the QFI, User location Information and an indication that the QoS Flow is released. The AMF invokes Nsmf_PDUSession_UpdateSMContext (SM Context ID, N2 SM information).

The N2 Message for UP deactivation cited above in TS 23.502 can be the NGAP PDU Session Notify message or the Path Switch Request. This message already contains a container which is routed to the SMF. See below NGAP encoding:

9.3.4.13
PDU Session Resource Notify Released Transfer

This IE is transparent to the AMF.

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

	Cause
	M
	
	9.3.1.2
	
	-
	

	Secondary RAT Usage Information
	O
	
	9.3.1.114
	
	YES
	ignore


9.3.4.15
Path Switch Request Setup Failed Transfer

This IE is transparent to the AMF.

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

	Cause
	M
	
	9.3.1.2
	


What is missing is a relevant value for the Cause IE indicating to SMF the reason for gNB deactivating the PDU session.

According to SA2, when the UE moves out of AoS and gNB deactivates the PDU session, the SMF should:

· Release completely the PDU session if the slice of the PDU session is allowed (option 1).

· Keep the PDU session as deactivated if the slice of the PDU session is partially allowed (option 2),

However, the SMF has no way to know if an ongoing slice is getting allowed or partially allowed when gNB triggers the PDU session deactivation: this is because it can change over time as UE moves from RA to RA. The simple figure below illustrates the change of a slice from “partially allowed” to “allowed” as the UE moves across different RAs:
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S-NSSAI not supported indication as UE 

was indicated as partially allowed, but 

S-NSSAI is now fully allowed

3. UE is in RA3, retains PDU session 

when oit receives indication s-NSSAI is 

not supported as cause code of a PDU 

session Context Update but S-NSSAI is 

not supported despite it is now 

rejected in RA.

RA1 S-NSSAI 1 Partially 

Allowed
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RA3 
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Figure 1: S-NSSAI changing from Partially Allowed to Allowed slice without SMF awareness
The gNB knows if the slice is allowed or partially allowed, however the current cause value available in NGAP is “slice not supported” which is not enough for SMF to differentiate: currently this cause value is only used for allowed slice and will lead SMF to release the PDU session, therefore for option 1). 
It is therefore necessary to add a new cause value “outside AoS of partially allowed slice ” so that SMF keeps the PDU session deactivated (for option 2).
Proposal 3: add a new NGAP Cause Value cause value “Outside Area of Service of partially allowed Slice”.
Conclusion

This paper has analysed remaining open issues on partially allowed slices and made the following proposals to complete the work item on this part:
Proposal 1: agree the TP for TS 38.300 in annex A to specify/correct slice availability in release 18.

Proposal 2: No need to address that the maximum number of partially allowed NSSAI shall not exceed 7.

Proposal 3: agree the TP for TS 38.413 in annex B adding a new NGAP Cause Value cause value “Outside Area of Service of partially allowed Slice”.
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Annex A TP for TS 38.300 for Partially Allowed

Access control

-
By means of the unified access control (see clause 7.4), operator-defined access categories can be used to enable differentiated handling for different slices. NG-RAN may broadcast barring control information (i.e. a list of barring parameters associated with operator-defined access categories) to minimize the impact of congested slices.

Slice Availability

-
Some slices may be available only in part of the network. A slice is considered available in a cell if it is supported by the TA comprising the cell and the slice is not configured with zero resources, as specified in TS 23.501 [3]. The NG-RAN supported S-NSSAI(s), NSAG(s) and NSAG related information such as NSAG associated Cell Reselection Priority and/or NSAG associated RACH resources are configured by OAM. Awareness in the NG-RAN of the slices supported in the cells of its neighbours may be beneficial for inter-frequency mobility in connected mode. In order to support the NSAG, the NG-RAN provides the AMF with the NSAG information per TA in the appropriate NG interface management procedures, as specified in TS 38.413 [26]. Awareness in the NG-RAN of the NSAG information supported in the list(s) of neighbour cells may be configured by OAM, or exchanged with neighbour NG-RAN nodes.
-
The NG-RAN and the 5GC are responsible to handle a service request for a slice that may or may not be available in a given area. Admission or rejection of access to a slice may depend by factors such as support for the slice, availability of resources, support of the requested service by NG-RAN.
-
The NG-RAN may be signalled with the Partially Allowed NSSAI from the AMF as specified in TS 23.501 [3]. The NG-RAN may decide to use the Partially Allowed NSSAI for mobility decision. 
Not modified
Annex B TP for TS 38.413 for Partially Allowed

9.3.1.2
Cause

The purpose of the Cause IE is to indicate the reason for a particular event for the NGAP protocol.

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

	CHOICE Cause Group
	M
	
	
	

	>Radio Network Layer
	
	
	
	

	>>Radio Network Layer Cause 
	M
	
	ENUMERATED
(Unspecified,

TXnRELOCOverall expiry,

Successful handover,

Release due to NG-RAN generated reason,

Release due to 5GC generated reason,

Handover cancelled,

Partial handover,

Handover failure in target 5GC/NG-RAN node or target system,

Handover target not allowed,

TNGRELOCoverall expiry,

TNGRELOCprep expiry,

Cell not available,

Unknown target ID,

No radio resources available in target cell,

Unknown local UE NGAP ID,

Inconsistent remote UE NGAP ID,

Handover desirable for radio reasons,

Time critical handover,

Resource optimisation handover,

Reduce load in serving cell,

User inactivity,

Radio connection with UE lost,

Radio resources not available,

Invalid QoS combination,

Failure in the radio interface procedure,

Interaction with other procedure,

Unknown PDU Session ID,

Unknown QoS Flow ID,
Multiple PDU Session ID Instances,

Multiple QoS Flow ID Instances,

Encryption and/or integrity protection algorithms not supported,

NG intra-system handover triggered,

NG inter-system handover triggered,

Xn handover triggered,

Not supported 5QI value,
UE context transfer,
IMS voice EPS fallback or RAT fallback triggered,

UP integrity protection not possible,

UP confidentiality protection not possible,

Slice(s) not supported,

UE in RRC_INACTIVE state not reachable,

Redirection,

Resources not available for the slice(s),

UE maximum integrity protected data rate reason,

Release due to CN-detected mobility,
…, N26 interface not available, Release due to pre-emption, Multiple Location Reporting Reference ID Instances, 

RSN not available for the UP,

NPN access denied,

CAG only access denied, Insufficient UE Capabilities, RedCap UE not supported,

Unknown MBS Session ID,

Indicated MBS Session Area Information not served by the gNB,

Inconsistent slice info for the session,

Misaligned association for the multicast and unicast sessions or flows, Outside Area Of Service of partially allowed slice)
	


Not modified
	Radio Network Layer cause
	Meaning

	Unspecified
	Sent for radio network layer cause when none of the specified cause values applies.

	TXnRELOCOverall expiry
	The timer guarding the handover that takes place over Xn has abnormally expired.

	Successful handover
	Successful handover.

	Release due to NG-RAN generated reason
	Release is initiated due to NG-RAN generated reason.

	Release due to 5GC generated reason
	Release is initiated due to 5GC generated reason.

	Handover cancelled
	The reason for the action is cancellation of Handover.

	---
	

	Misaligned association for the multicast and unicast sessions or flows
	The action failed because the Associated Unicast QoS Flow ID has already been used, or the Associated Unicast QoS Flow ID is not defined, or the Associated Unicast QoS Flow ID is not released, or multiple MBS QoS flows associated to the same unicast QoS flow, or same multicast session associated to multiple PDU Sessions.

	Outside Area Of Service of partially allowed slice
	The release is due to UE moving outside of the Area of Service of the Slice of the PDU session which is a partially allowed slice.


Not modified
CauseRadioNetwork ::= ENUMERATED {


unspecified,


txnrelocoverall-expiry,


successful-handover,


release-due-to-ngran-generated-reason,


release-due-to-5gc-generated-reason,


handover-cancelled,



partial-handover,



ho-failure-in-target-5GC-ngran-node-or-target-system,


ho-target-not-allowed,


tngrelocoverall-expiry,

tngrelocprep-expiry,


cell-not-available,


unknown-targetID,


no-radio-resources-available-in-target-cell,


unknown-local-UE-NGAP-ID,


inconsistent-remote-UE-NGAP-ID,


handover-desirable-for-radio-reason,


time-critical-handover,


resource-optimisation-handover,


reduce-load-in-serving-cell,


user-inactivity,


radio-connection-with-ue-lost,


radio-resources-not-available,


invalid-qos-combination,


failure-in-radio-interface-procedure,


interaction-with-other-procedure,


unknown-PDU-session-ID,


unkown-qos-flow-ID,


multiple-PDU-session-ID-instances,


multiple-qos-flow-ID-instances,

encryption-and-or-integrity-protection-algorithms-not-supported,

ng-intra-system-handover-triggered,


ng-inter-system-handover-triggered,


xn-handover-triggered,


not-supported-5QI-value,


ue-context-transfer,


ims-voice-eps-fallback-or-rat-fallback-triggered,


up-integrity-protection-not-possible,


up-confidentiality-protection-not-possible,


slice-not-supported,


ue-in-rrc-inactive-state-not-reachable,


redirection,


resources-not-available-for-the-slice,


ue-max-integrity-protected-data-rate-reason,


release-due-to-cn-detected-mobility,


...,


n26-interface-not-available,


release-due-to-pre-emption,


multiple-location-reporting-reference-ID-instances,


rsn-not-available-for-the-up,


npn-access-denied,


cag-only-access-denied,


insufficient-ue-capabilities,

redcap-ue-not-supported,


unknown-MBS-Session-ID,


indicated-MBS-session-area-information-not-served-by-the-gNB,


inconsistent-slice-info-for-the-session,


misaligned-association-for-multicast-unicast,


outside-area-of-service-of-partially-allowed-slice
}

CauseTransport ::= ENUMERATED {


transport-resource-unavailable,


unspecified,


...

}


- 2 -

TA1 
S-NSSAI1 not supported
TA2
S-NSSAI1 supported
TA3
S-NSSAI1 supported
TA4
S-NSSAI1 not supported
1. UE is in RA1, SMF receives indication to do AoI to ensure it can decide on how to deal with PDU session as S-NSSAI is Partially allowed in RA1
2. UE is in RA2, SMF still believe it should retain PDU session if it receives S-NSSAI not supported indication as UE was indicated as partially allowed, but S-NSSAI is now fully allowed
3. UE is in RA3, retains PDU session when oit receives indication s-NSSAI is not supported as cause code of a PDU session Context Update but S-NSSAI is not supported despite it is now rejected in RA.
RA1 S-NSSAI 1 Partially Allowed
RA2 S-NSSAI 1 Allowed
RA3 
S-NSSAI1 Rejected in RA



