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1. Introduction
At RAN3#113-e, one final issue related to border crossing was flagged, specifically that current text on connected mode handover assumes the possibility of mobility to the new PLMN. However this may not always be possible. This document discusses this issue and provides a related text proposal.
2. Discussion

2.1 Review of specification text agreed so far for country specific routing

It is useful to check the current status in stage 2 specifications and stage 3 baselines before considering the implications of the connected mode scenario.

In TS 23.501, we have the following summarized behaviour (from 5.4.11)

· AMF may, based on ULI and selected PLMN, reject a UE request and inform the UE of the country of UE location

· AMF may initiate UE location procedure if it is not aware of the UE location with sufficient accuracy (and either reject the procedure or later deregister once UE location is known)

· In case of handover, the AMF may reject or later deregister UE, also on UE location grounds
· A UE should use awareness of its own location to select a PLMN that is allowed to operate in the country of the UE’s location.

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 [1].
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 in the baseline for TS 38.300 [2], there is also an optional requirement for the gNB to initiate a handover to change the AMF (to one that serves the PLMN allowed in the UE location). This is linked to a note in section 4.9.1.1 of TS 23.502.
2.2 Open issue

From the discussion in RAN3#113-e, the open issue is captured in the chair’s notes as follows:

Continue to discuss whether and how to address the use case “UE moves across the country (within the same cell) and not support the new PLMN of the country”
Now checking the above status, the scenario seems to be as follows

1) The UE is in connected, in country A, and served by PLMN A1. The current cell covers sections of both country A and country B
2) The UE moves into country B, and the network is configured not to enable UEs to be served by PLMN A1 in country B (to within some reasonable margin of error, similar at least to TN propagation case, and also to avoid ping-pong).

3) The RAN cannot initiate inter-PLMN handover (e.g. from PLMN A1 to PLMN B1, via inter-AMF handover) as this is not supported (i.e. PLMN B1 is NOT in the list of UE equivalent PLMNs in the RAN)

The above scenario could be fairly common around country borders. Note that in the idle mode mobility case, the problem is solved by a combination of NNSF, location request by the AMF, and appropriate deregistration / rejection, with associated UE behaviour (not of all of which need to be present in a particular case).

Observation 1: The scenario of inter-country mobility in connected mode seems plausible, including the possibility that RAN is not configured to allow handover to the new PLMN.

Observation 2: The same issue can arise in idle mode mobility but seems to be detected either by RAN (resulting in appropriate NNSF), or by the AMF (using ULI or triggering LCS).

In the connected mode scenario, there also seem to be at least two options (depending on whether the RAN is pro-active, or action is taken by the AMF):

Option A: RAN pro-actively releases the UE to idle. UE attempts access, but either via NNSF or AMF action, it is eventually de-registered, and reselects to PLMN B1.

Option B: AMF serving PLMN A1 checks UE location (e.g. prompted by ULI, or simply takes ULI as the UE location) and also rejects or de-registers, and UE re-selects to PLMN B1.

We can see that both options are possible, and in fact option B is a sub-set of Option A (both options rely on AMF action at NAS level). However option B on its own is not fully reliable, because in connected mode the CN is unlikely to initiate any action unless triggered e.g. by ULI; however, unless the CN has requested location reporting, the initiation of any action by the CN cannot be predicted as it depends on uplink control plane activity.

Observation 3: AMF detection of cross-border mobility in connected mode is feasible but depends on ULI reporting which is not always deterministic.

With that, a robust approach would enable both options A and B, i.e. the RAN should be allowed to release pro-actively based on UE location.

Proposal 1: RAN should be allowed to release pro-actively based on UE location.

In addition, there is an assumption in the SA2 specification that the AMF can determine - based on the Selected PLMN ID and ULI (including Cell ID) received from the gNB - that the UE is attempting to access a PLMN that is not allowed to operate at the present UE location. 

If not using ULI as a trigger, the AMF would need to initiate LCS procedures at every access, which is clearly rather inefficient. However, this implies that the ULI information (e.g. cell identifier) indicates an area outside of the service area of the PLMN.
This could be done in several ways:

· Define mapped cells or TAs outside of the country area of the PLMN

· Define some special value of cell identifier or tracking area or both for the same purpose

· Include an indicator (outside normal service area of PLMN)

Out of these, the first two options are effectively equivalent as they are implemented by configuration (i.e., the second option is a special case of the first where a single mapped cell or TA is assigned to the full area outside the country). Therefore, it seems reasonable to assume that configuration is used to convey the out-of-country location (either via one or multiple configured IDs). 
Proposal 2: It shall be possible for the RAN to inform the AMF via ULI that the UE is operating outside of the normal PLMN service area.
A text proposal is provided at the end of this document (section 5).
Proposal 3: 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 and proposals:

Observation 1: The scenario of inter-country mobility in connected mode seems plausible, including the possibility that RAN is not configured to allow handover to the new PLMN.

Observation 2: The same issue can arise in idle mode mobility but seems to be detected either by RAN (resulting in appropriate NNSF), or by the AMF (using ULI or triggering LCS).

Observation 3: AMF detection of cross-border mobility in connected mode is feasible but depends on ULI reporting which is not always deterministic.

Proposal 1: RAN should be allowed to release pro-actively based on UE location.

Proposal 2: It shall be possible for the RAN to inform the AMF via ULI that the UE is operating outside of the normal PLMN service area.
Proposal 3: Agree the text proposal provided in this document.
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5. Text Proposal
16.x.5 Signalling [FFS] 
The Cell Identity used in following cases corresponds to a mapped cell ID, irrespective of the orbit of the NTN payload or the types of service links supported. 

-
The Cell Identity indicated by the gNB to the Core Network as part of the User Location Information (as defined in TS 38.413 [26]);

-
The Cell Identity used for Paging Optimization in NG interface (as defined in TS 38.413 [26]);

-
The Cell Identity used for Area of Interest (as defined in TS 38.413 [26]);

-
The Cell Identity used for PWS (as defined in TS 38.413 [26]).
The Cell Identity included within the target identification of the handover messages (as defined in TS 38.413 [26] and TS 38.423 [x]) allows identifying the correct target cell.
The Cell Identities used in the RAN Paging Area during Xn RAN paging (as defined in TS 38.423 [x]) allow the identification of the correct target cells for RAN paging.
NOTE:
The Cell Identity used for RAN Paging is assumed to typically represent a Uu Cell ID.
Editor’s note:
It is FFS whether the RAN Paging Area as signalled over Xn includes a mapped cell ID, or a Uu cell ID.

Editor’s note:
 from rapporteur if the text stay as it is, the reference for TS 38.423 should be introduced in TS 38.300

The mapping between Cell Identities and geographical areas is configured in the RAN and Core Network. 

NG-RAN is responsible for constructing the mapped cell ID based on the UE location information received from the UE. The mapping may be pre-configured (e.g., up to operator’s policy) or up to implementation.
The information provided to the Core Network within the UE location information may be used by the AMF to determine whether  the serving PLMN is allowed to serve the UE in the current location in scenarios where such detection is required. Pre-configuration e.g. of special TAC or mapped cell identifiers may be used to support this functionality.
16.x.6
AMF (Re-)Selection by gNB
The gNB implements the NAS Node Selection Function specified in TS 38.410 [16].
For a RRC_CONNECTED UE, when the gNB is configured to ensure that the UE is using an AMF that serves the country in which the UE is located.
If the gNB detects that the UE is in a different country to that served by the serving AMF, it should either perform an NG handover to change to an appropriate AMF or release the UE to idle mode.
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