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1. Introduction
At RAN3#114-e, it was agreed to add some text to stage 2 that covers the possibility that the RAN may request release of a UE, if it detects that the UE is currently in a location not served by its current AMF/PLMN, and if it has no means to trigger inter-PLMN handover.

There was a discussion on whether a new cause value was needed, and if so why. This document revisits the issue and considers the handling of cross-border aspects in SA2 and RAN3 specifications and their consistency. Based on this discussion,  it is concluded that the AMF should be aware of the reason for the release, and a proposal is made to add a new cause value specifically for this use case. 
2. Discussion

2.1 Review of recent SA2 specification text for country verification
It is useful to check the most recently agreed text in SA2 [1] related to this topic. This contains a number of important clarifications.
	In order to ensure that the regulatory requirements are met, the network may be configured to enforce that the selected PLMN is allowed to operate in the country of the UE location by verifying the UE location during Mobility Management and Session Management procedures. In this case, when the AMF receives a NGAP message containing User Location Information for a UE using NR satellite access, the AMF may decide to verify the UE location. If the AMF determines based on the Selected PLMN ID and ULI (including Cell ID) received from the gNB that it is not allowed to operate at the present UE location the AMF should reject any NAS request with a suitable Cause value and, if known in AMF, inform the UE of the country of the UE location. If the UE is already registered to the network when the AMF determines that it is not allowed to operate at the present UE location, the AMF may initiate deregistration of the UE. The AMF should not reject the request or deregister the UE unless it has sufficiently accurate UE location information to determine that the UE is located in a country in which the PLMN is not allowed to operate.


Within the same CR, it is also stated:

	In the deregistration message to the UE, the AMF shall include a suitable Cause value and, if known in AMF, it may inform the UE of the country of the UE location. For UE processing of the cause value indicating that the PLMN is not allowed to operate in the country of the UE location and the possibly associated country indication, see TS 23.122 [17] and TS 24.501 [47].


We should add that CT1 has in the meantime agreed related NAS aspects enabling for example the AMF to set thresholds (in terms of distance travelled or time elapsed) before the UE will attempt to register with the same PLMN again.

Also in TS 23.501 (6.3.5) there is an optional requirement for the RAN to select an AMF (at NNSF) serving a PLMN corresponding to the UE’s current location, and this requirement is underpinned by the baseline CR for TS 38.410 .

In 23.502, there are also statements in 4.2.2 that, upon receiving a Registration Reject with the country in which the UE is located, the UE shall attempt to register to a PLMN that is allowed to operate at the UE location. Similar behaviour may happen with deregistration.

Finally there is a note in section 4.9.1.1 of TS 23.502, which suggest that “the NG-RAN node may need to cause the AMF to change to an AMF serving the UE's new country”, which underpins part of the baseline CR for TS 38.300.

2.2 Consistency with stage 2 baseline CR text 

The above text is very clear that the AMF uses the ULI as a trigger to initiate verification of the UE location, and several actions can follow, potentially terminating in de-registration of the UE. Such de-registration can also provide information to the UE that impacts PLMN selection.
Observation 1: The AMF may use ULI as a trigger to initiate verification of the UE’s location; and eventually this may lead to de-registration of the UE.
Note that this may occur at initial access, or after any other transaction where ULI is provided.

At the last meeting, a note was added in the baseline for TS 38.300 [2] that supports this case by stating that “pre-configuration of mapped cell identifiers may be used to indicate areas outside the serving PLMN’s country”. This supports the SA2 functionality using the possibility that a special value is used to indicate the condition that the UE is outside the normal coverage area (since it is unlikely that a given PLMN will be configured with mapped cells or TAs from outside its coverage area).

Observation 2: The possibility to indicate that the UE is outside the PLMN’s area is fully supported in the baseline for TS 38.300.

As mentioned in the previous section, RAN3’s stage 2 baselines [2] also cover related aspects including
· NNSF based on UE’s location

· NG handover to enable AMF/PLMN change in connected mode

Observation 3: Functionality in stage 2 (RAN3 and SA2) is provided for NNSF based on UE’s location, and NG handover for PLMN/AMF change; both aspects seem to be consistent.
However we note that the possibility for the RAN to trigger release based on UE’s location is not required in SA2 specifications, although it somewhat follows from the scenario where inter-PLMN handover is not possible.

Of course this does not imply that the functionality is invalid, but we should be careful that the operation is consistent with other similar actions in the AMF.

Observation 4: Differently from other cases, there is no explicit SA2 requirement for UE-location based RAN-initiated context release; care is needed to make sure that this procedure is consistent with other handling in the AMF.

2.3 Discussion of RAN-triggered Context Release 

The key point of the quoted text in section 2.1 is that AS signalling triggers CN actions eventually leading to NAS de-registration. As a result, the UE reselect to a suitable PLMN.
However the RAN-initiated context release procedure does not necessarily trigger any NAS procedure:

· The AMF does not necessarily understand why the release is requested; also there is no ULI

· Hence the AMF does not initiate location procedures for the UE
· Therefore the AMF does NOT initiate de-registration, nor does it provide any NAS-level guidance to the UE

· As a result, the UE may simply attempt access on the same PLMN, at which point the RAN may either kick in NNSF to  a non-serving AMF, or the ULI may trigger location verification in the AMF

· In the worst case, it is even possible that the ULI is not sufficiently accurate at the new access, hence it may take some time until the AMF finally decides to de-register the UE (or in the very worst case, the RAN requests release again, and the process repeats itself…)

It seems obvious that it would be preferable to nudge the AMF to either initiate de-registration or at least acquire the location of the UE.
Observation 5: RAN-initiated context release could in the worst-case result in recurring access attempts on the same PLMN followed by recurring releases; it is preferable to trigger NAS-level actions by the AMF.

It should also be noticed that, if the AMF is aware that the reason for release is related to the UE’s location, it may attempt to verify it first before de-registration and release. The overall procedure at stage 2 level would therefore be quite different from context release due to e.g. radio conditions.
How to trigger NAS-level action by the AMF can be further discussed.
1) Use of an appropriate cause value: this is what is stated in stage 2 currently, but in fact there is no such value that would trigger the desired behaviour, plus cause values are rarely used in RAN3 specifications to trigger particular behaviour

2) Include ULI in the Context Release Request message.

3) Trigger an existing message that includes ULI
Option #3 is very contrived, and there are no suitable messages (PATH SWITCH REQUEST is probably the most feasible, and even that seems rather artificial). Option #2 is possible, but the logic in the AMF might well lead it to initiate release without analysis of the ULI. Then it seems that option #1 is the only realistic option.
Observation 6: The definition of a new cause value can be used to trigger (optionally) the NAS level behaviour in the AMF.

And therefore,

Proposal 1: Define a new cause value to ensure that the AMF is alerted to the specific release reason, thus potentially triggering actions before release (i.e. UE location determination and de-registration).
A text proposal is provided at the end of this document for such new cause value. Note that some alignment might be needed also in TS 38.300 (referring to it specifically), and possibly also TS 23.501 (to point out that the AMF actions in [1] may be triggered by a release request).
Proposal 2: Agree the text proposal provided in this document.

3. Conclusions

This document examined remaining issues relating to cross-border mobility in connected mode and made the following observations:

Observation 1: The AMF may use ULI as a trigger to initiate verification of the UE’s location; and eventually this may lead to de-registration of the UE.

Observation 2: The possibility to indicate that the UE is outside the PLMN’s area is fully supported in the baseline for TS 38.300.

Observation 3: Functionality in stage 2 (RAN3 and SA2) is provided for NNSF based on UE’s location, and NG handover for PLMN/AMF change; both aspects seem to be consistent.
Observation 4: Differently from other cases, there is no explicit SA2 requirement for UE-location based RAN-initiated context release; care is needed to make sure that this procedure is consistent with other handling in the AMF.
Observation 5: RAN-initiated context release could in the worst-case result in recurring access attempts on the same PLMN followed by recurring releases; it is preferable to trigger NAS-level actions by the AMF.
Observation 6: The definition of a new cause value can be used to trigger (optionally) the NAS level behaviour in the AMF.

Resulting in the following proposals:

Proposal 1: Define a new cause value to ensure that the AMF is alerted to the specific release reason, thus potentially triggering actions before release (i.e. UE location determination and de-registration).

Proposal 2: Agree the text proposal provided in this document.
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5. Text Proposal

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)
	

	>Transport Layer
	
	
	
	

	>>Transport Layer Cause
	M
	
	ENUMERATED
(Transport resource unavailable,

Unspecified,
…)
	

	>NAS
	
	
	
	

	>>NAS Cause
	M
	
	ENUMERATED

(Normal release,

Authentication failure,

Deregister,
Unspecified, 

…,

PLMN area reason)
	

	>Protocol
	
	
	
	

	>>Protocol Cause
	M
	
	ENUMERATED
(Transfer syntax error,
Abstract syntax error (reject),
Abstract syntax error (ignore and notify),
Message not compatible with receiver state,

Semantic error,

Abstract syntax error (falsely constructed message),

Unspecified,

…)
	

	>Miscellaneous
	
	
	
	

	>>Miscellaneous Cause
	M
	
	ENUMERATED
(Control processing overload, 

Not enough user plane processing resources,
Hardware failure,
O&M intervention,
Unknown PLMN or SNPN,

Unspecified, 

…)
	


The meaning of the different cause values is described in the following tables. In general, "not supported" cause values indicate that the related capability is missing. On the other hand, "not available" cause values indicate that the related capability is present, but insufficient resources were available to perform the requested action.

	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.

	Partial handover
	Provides a reason for the handover cancellation. The HANDOVER COMMAND message from AMF contained PDU Session Resource to Release List IE or QoS flow to Release List and the source NG-RAN node estimated service continuity for the UE would be better by not proceeding with handover towards this particular target NG-RAN node.

	Handover failure in target 5GC/ NG-RAN node or target system
	The handover failed due to a failure in target 5GC/NG-RAN node or target system.

	Handover target not allowed
	Handover to the indicated target cell is not allowed for the UE in question.

	TNGRELOCoverall expiry
	The reason for the action is expiry of timer TNGRELOCoverall.

	TNGRELOCprep expiry
	Handover Preparation procedure is cancelled when timer TNGRELOCprep expires.

	Cell not available
	The concerned cell is not available.

	Unknown target ID
	Handover rejected because the target ID is not known to the AMF.

	No radio resources available in target cell
	Load on target cell is too high.

	Unknown local UE NGAP ID
	The action failed because the receiving node does not recognise the local UE NGAP ID.

	Inconsistent remote UE NGAP ID
	The action failed because the receiving node considers that the received remote UE NGAP ID is inconsistent.

	Handover desirable for radio reasons
	The reason for requesting handover is radio related.

	Time critical handover
	Handover is requested for time critical reason i.e., this cause value is reserved to represent all critical cases where the connection is likely to be dropped if handover is not performed.

	Resource optimisation handover
	The reason for requesting handover is to improve the load distribution with the neighbour cells.

	Reduce load in serving cell
	Load on serving cell needs to be reduced. When applied to handover preparation, it indicates the handover is triggered due to load balancing.

	User inactivity
	The action is requested due to user inactivity on all PDU sessions, e.g., NG is requested to be released in order to optimise the radio resources.

	Radio connection with UE lost
	The action is requested due to losing the radio connection to the UE.

	Radio resources not available
	No requested radio resources are available.

	Invalid QoS combination
	The action was failed because of invalid QoS combination.

	Failure in the radio interface procedure
	Radio interface procedure has failed.

	Interaction with other procedure
	The action is due to an ongoing interaction with another procedure.

	Unknown PDU Session ID
	The action failed because the PDU Session ID is unknown in the NG-RAN node.

	Unknown QoS Flow ID
	The action failed because the QoS Flow ID is unknown in the NG-RAN node.

	Multiple PDU Session ID instances
	The action failed because multiple instance of the same PDU Session had been provided to/from the NG-RAN node.

	Multiple QoS Flow ID instances
	The action failed because multiple instances of the same QoS flow had been provided to the NG-RAN node.

	Encryption and/or integrity protection algorithms not supported
	The NG-RAN node is unable to support any of the encryption and/or integrity protection algorithms supported by the UE.

	NG intra-system handover triggered
	The action is due to a NG intra-system handover that has been triggered.

	NG inter-system handover triggered
	The action is due to a NG inter-system handover that has been triggered.

	Xn handover triggered
	The action is due to an Xn handover that has been triggered.

	Not supported 5QI value
	The QoS flow setup failed because the requested 5QI is not supported.

	UE context transfer
	The action is due to a UE resumes from the NG-RAN node different from the one which sent the UE into RRC_INACTIVE state.

	IMS voice EPS fallback or RAT fallback triggered
	The setup of QoS flow is failed due to EPS fallback or RAT fallback for IMS voice using handover or redirection.

	UP integrity protection not possible
	The PDU session cannot be accepted according to the required user plane integrity protection policy.

	UP confidentiality protection not possible
	The PDU session cannot be accepted according to the required user plane confidentiality protection policy.

	Slice(s) not supported
	Slice(s) not supported.

	UE in RRC_INACTIVE state not reachable
	The action is requested due to RAN paging failure.

	Redirection
	The release is requested due to inter-system redirection or intra-system redirection.

	Resources not available for the slice(s)
	The requested resources are not available for the slice(s).

	UE maximum integrity protected data rate reason
	The request is not accepted in order to comply with the maximum data rate for integrity protection supported by the UE.

	Release due to CN-detected mobility
	The context release is requested by the AMF because the UE is already served by another CN node (same or different system), or another NG interface of the same CN node.

	N26 interface not available
	The action failed due to a temporary failure of the N26 interface.

	Release due to pre-emption
	Release is initiated due to pre-emption.

	Multiple Location Reporting Reference ID Instances
	The action failed because multiple areas of interest are set with the same Location Reporting Reference ID.

	RSN not available for the UP
	The redundant user plane resources indicated by RSN are not available.

	NPN access denied
	Access was denied, or release is requested, for NPN reasons.

	CAG only access denied
	Access was denied because the cell is a non-CAG cell and UE is only allowed to access CAG cells.

	Insufficient UE Capabilities
	The procedure can’t proceed due to insufficient UE capabilities.


	Transport Layer cause
	Meaning

	Transport resource unavailable
	The required transport resources are not available.

	Unspecified
	Sent when none of the above cause values applies but still the cause is Transport Network Layer related.


	NAS cause
	Meaning

	Normal release
	The release is normal.

	Authentication failure
	The action is due to authentication failure.

	Deregister
	The action is due to deregister.

	Unspecified
	Sent when none of the above cause values applies but still the cause is NAS related.

	PLMN area reason
	The release is requested because the UE’s location is outside the nominal coverage area of the PLMN (for NTN).


	Protocol cause
	Meaning

	Transfer syntax error
	The received message included a transfer syntax error.

	Abstract syntax error (reject)
	The received message included an abstract syntax error and the concerning criticality indicated "reject".

	Abstract syntax error (ignore and notify)
	The received message included an abstract syntax error and the concerning criticality indicated "ignore and notify".

	Message not compatible with receiver state
	The received message was not compatible with the receiver state.

	Semantic error
	The received message included a semantic error.

	Abstract syntax error (falsely constructed message)
	The received message contained IEs or IE groups in wrong order or with too many occurrences.

	Unspecified
	Sent when none of the above cause values applies but still the cause is Protocol related.


	Miscellaneous cause
	Meaning

	Control processing overload
	Control processing overload.

	Not enough user plane processing resources
	Not enough resources are available related to user plane processing.

	Hardware failure
	Action related to hardware failure.

	O&M intervention
	The action is due to O&M intervention.

	Unknown PLMN or SNPN
	The AMF does not identify any PLMN or SNPN provided by the NG-RAN node.

	Unspecified failure
	Sent when none of the above cause values applies and the cause is not related to any of the categories Radio Network Layer, Transport Network Layer, NAS or Protocol.
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