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1. Abstract
This paper evaluates the dependenies between Service area restriction requirements and selection of a current TAI when a 5GSat cell broadcasts multiple TAIs belonging to equivalent PLMNs. A contradiction is observed which is suggested to be accepted and documented in the specification.


2. Discussion
2.1 Background

In the work to introduce satellite access support in 5GS fuctionality has been introduced for a satellite cell to support multiple TAs. The legacy principle of a network assigned Registration area still applies, and such RA can contain up to 16 TAs. As the properties of TAs can differ, e.g. forbidden/non-forbidden and service area restricted vs non-service area restricted, in combination with the UE unawareness of the TA of its actual location, the UE is specified to consider restictions based on the properties of all TAs in the RA.

When the above requirements are combined with the flexibility of assigning the RA and the UE selection of a current TA based on the AS provided list of TAIs cases occur in which the UE will be more restricted from service than the 5GS NR satellite specific requirements imply.


2.2 Analysis of requirements applicable to 5GS NR satellite access.

2.2.1 Requirements.

In stage 2 (23.501, clauses 5.4.11.7 and 5.4.11.8) the UE is specified to consider restictions based on the properties of all TAs in the RA:

A UE that is registered with a PLMN may access a radio cell and does not need to perform a Mobility Registration Update procedure as long as at least one supported TAC for the RPLMN or equivalent to the RPLMN is part of the UE Registration Area. 

The UE considers it is in a Forbidden Area if the only received TAI is forbidden, or if all received TAIs are forbidden and is not within a Forbidden Area in the case that at least one broadcast TAI is not forbidden.

The UE and AMF consider the UE to be in a Non-Allowed Area if none of the broadcast TAIs is Allowed. The UE and AMF consider the UE to be in an Allowed Area if at least one broadcast TAI is allowed.


Observation 1:	The UE shall consider itself to be in an Allowed Area if at least one of the TAs that is broadcast by the satellite NG-RAN cell is Allowed and part of the Registration Area.


Part of the flexibility allowed for the TAs supported by a Satellite NG-RAN cell is that TAs can belong to different PLMNs. Following the requirements to support multiple TAs for a Satellite NG-RAN cell specified by RAN, multiple PLMNs will be represented in a similar way as for shared networks in legacy specification, and as a result at cell change or change of the TAs supported by a Satellite cell the TA(s) belonging to the registered PLMN will be prioritized. Thus if the UE is registered to a PLMN only the TAs belonging to this PLMN will be indicated by AS to NAS. If none of the broadcast TAs belong to the registered PLMN, AS will indicate the PLMNs supported by the Satellite cell for NAS to select one of these, and AS subsequently indicates the TAs supported by the selected PLMN to NAS.

Observation 2:	When multiple TAIs are broadcast by a NG-RAN cell AS will only present the TACs of the registered PLMN od selected PLMN to UE NAS.


This behavior is also reflected in the definition of current TA in 23.501:

[bookmark: _Hlk96588863]Current TAI: A TAI of a selected PLMN broadcast in the cell on which the UE is camping. If the cell is a satellite NG-RAN cell broadcasting multiple TAIs of the selected PLMN, the UE NAS layer selects the TAI from these multiple  TAIs as specified in subclause 4.23.x.
NOTE 2:	The selected PLMN can either be the registered PLMN or a PLMN selected according to PLMN selection rules as specified in 3GPP TS 23.122 [5].



When the AMF assigns a Registration Area to the UE, at idle mode mobility the UE can move between the TAs of the RA and the properties of the current TA will apply for what the UE can and is allowed to initiate. If the network assigned a non-Allowed Area that consists of a subset of the TAs of the RA, the UE is more limited in what it can initiate in the non-Allowed part of the RA compared to the Allowed part of the RA. An allowed flexibility is that the AMF may allocate a Registration Area to the UE that consists of TAs belonging to different equivalent PLMNs.

Observation 3:	As in legacy, a RA assigned to the UE at Satellite NG-RAN access can consist of several PLMNs (ePLMNs).

Observation 4:	As idle mode mobility within the RA, the UE will apply Service area restrictions following the properites of the TA of the current cell (Allowed or non-Allowed).


In 24.501 clause 4.23.5, it is specified how the UE selects a current TAI when the Satellite NG-RAN cell supports multiple TAIs. To support the stage 2 requirement to consider being in an Allowed Area if any of the broadcast TAs is allowed, the following is specified:


1)	if there is a TAI which belongs to the list of "allowed tracking area" (if any) and does not belong to the list of "non-allowed tracking areas" (if any), the UE shall select a TAI which belongs to the list of "allowed tracking area" (if any) and does not belong to the list of "non-allowed tracking areas" (if any). In this case, if there are multiple TAIs which belong to the list of "allowed tracking area" (if any) and does not belong to the list of "non-allowed tracking areas" (if any), then the UE shall consider each of these TAIs equal and select a TAI in an implementation-specific way (e.g. taking into account LADN service area information).
[bookmark: _Hlk95255298]2)	if there is no TAI which belongs to the list of "allowed tracking area" (if any) and does not belong to the list of "non-allowed tracking areas" (if any) or neither the list of "allowed tracking area" nor the list of "non-allowed tracking areas" is available, then the UE shall consider each of these TAIs equal and select a TAI in an implementation-specific way (e.g. taking into account LADN service area information).

Thus, if all TAs of the Satellite NG-RAN cell belong to the non-Allowed Area, the UE selects one of these as current cell and considers itslef to be in a non-Allowed Area.



2.2.2 Use case 1.

When combining the above observed requirements and functionality, it can be identified that there can be contradicting requirements. The following examples deployment show such cases.


Case 1

1) PLMN1 and PLMN2 are equivalent PLMNs
2) All TAs of PLMN2 are non-Allowed
3) All TAs of PLMN1 are Allowed
4) The UE is registered to PLMN2
5) The AMF allocated a RA containing TAs from both PLMN1 and PLMN2
6) Satellite NG-RAN cells move across earth from PLMN2 to PLMN1
7) The UE is located in a PLMN2 TA near the border to PLMN 1

In the above case, the Satellite NG-RAN cell coming from PLMN2 will broadcast only TAs from PLMN2 until moving into PLMN1 area. At least one PLMN2 TA will be broadcast until the cell moved completely into PLMN1 area. For the UE this means that as long as only PLMN2 TAs are being broadcast, the UE considers itself in the non-Allowed Area in is restricted for service. When the cell starts to broadcast PLMN1 TA(s), it means that at least one broadcast TA is Allowed and the UE shall following stage 2 requirements consider itself in an Allowed Area and not restricted for sevice. However, as the UE is registered to PLMN2, AS will only present TAs of PLMN2 to NAS and only a TA of PLMN2 can be selected current TA. Thus, the consequence in this case is that the UE will remain in a non-Allowed Area even if Allowed Area TAs are broadcast of the NG-RAN cell parts of the time.
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Even if the way to apply Service area restrictions results in more restricted service than what stage 2 requirements for Satellite access imply, it is aligned to a legacy deployment with a single TAC per PLMN where the UE is would determine to be in a non-Allowed area as long as it is located in a PLMN2 TA. Therefore, the consequence if the example deployment is suggested to be acceptable and not justify any change in functionality for Satellite NG-RAN access with multiple broadcast TAI.

Observation 5	Use case 1 results in more restrictive service access than what stage 2 requirements imply for Satellite NG-RAN access and multiple broadcast TAIs, but in the same Service area restriction as in a legacy deplyment without multiple broadcast TAIs.



2.2.3 Use case 2.
In a second use case, the deployment remains the same, but the UE has now moved to a position in a PLMN1 TA as shown below.
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For the selection of a current cell and the UE NAS to determine Service area restrictions, the situation remains the same and as long as the Satellite NG-RAN cell broadcasts at least one PLMN2 TA, the UE NAS is only presented with PLMN2 TAs for TA selection. Even if the UE is actually located in a PLMN1 TA, part of the Allowed area, the UE will still consider itself located in the non-Allowed part of the RA as its registered PLMN is PLMN2. Only when no PLMN2 TA is broadcast by the cell, the UE NAS will able to select PLMN1 and PLMN1 TAs will be presented to NAS by AS.

The consequences of this scenario seem more severe, as the UE would only consider itself in the Allowed area when no PLMN2 TA are broadcast, even if the UE is located in a PLMN1 TA. This consequence is also not aligned to a legacy deployment scenario as the UE in that case would consider itself in the Allowed area as long as it is located in a PLMN1 TA. Thus, this scenario results in worse service access than legacy even if Satellite NG-RAN access stage 2 requirements rather implies more liberal service access than legacy.

Observation 6	Use case 2 results in more restrictive service access than what stage 2 requirements imply for Satellite NG-RAN access and multiple broadcast TAIs, and also in more restrictive service access than a legacy deplyment without multiple broadcast TAIs.


2.2.4 Solution.
The root cause of the UE NAS not being able to consider itself in the Allowed area in Use case 2 is that AS only presents registered PLMN TACs to UE NAS. For the UE NAS to do the correct evaluation of the Service area following stage 2 requirements, all broadcast PLMN TACs would need to be presented, or a shortlist of the PLMNs part of the RA. Such change would require functional changes in RAN.

Observation 7	For UE NAS to be able to determine Service area restrictions based on all TAI broadcast by the NG-RAN cell also part of the RA would require updates in RAN and CT1 specification.


Even if the deployment that results in Use case 2 is allowed following the standard, i.e.:

· The RA assigned to the UE includes ePLMN; and
· The Allowed vs non-Allowed areas are split between ePLMN,

it is avoidable by configuration, e.g. avoiding ePLMN in an RA when Service area restrictions differ between the ePLMNs. So even if such deployment case in principle is allowed and could even be seen reasonable, it is not clear that it can justify the required functional changes to both RAN and CT1 specification.

Observation 8	Negative and unexpected Service area restrictions when multiple TAIs are broadcast by the NG-RAN cell can be avioded via configuration.


It is therefore proposed that the existing functionality is kept as is, and the negative impact for the describled deployment is accepted. Informal information can be added to the specication can be added to highlight the possible negative impact that may be unexpected.


Proposal 1:	It is proposed to maintain the currently specified functionality at multiple broadcast TAIs where UE NAS selection of current TAI, used to determine Allowed vs non-Allowed area, is limited to registered PLMN TACs or selected PLMN TACs

Proposal 2:	It is proposed to capture possible unexpected impact to Service area restrictions at multiple broadcast TAIs when the RA assigned to the UE consists of more than one PLMN (ePLMNs).


3. Proposal
The following observations and proposals have been made in the discussion part above:

Observation 1:	The UE shall consider itself to be in an Allowed Area if at least one of the TAs that is broadcast by the satellite NG-RAN cell is Allowed and part of the Registration Area.

Observation 2:	When multiple TAIs are broadcast by a NG-RAN cell AS will only present the TACs of the registered PLMN or selected PLMN to UE NAS.

Observation 3:	As in legacy, a RA assigned to the UE at Satellite NG-RAN access can consist of several PLMNs (ePLMNs).

Observation 4:	As idle mode mobility within the RA, the UE will apply Service area restrictions following the properites of the TA of the current cell (Allowed or non-Allowed).

Observation 5	Use case 1 results in more restrictive service access than what stage 2 requirements imply for Satellite NG-RAN access and multiple broadcast TAIs, but in the same Service area restriction as in a legacy deplyment without multiple broadcast TAIs.

Observation 6	Use case 2 results in more restrictive service access than what stage 2 requirements imply for Satellite NG-RAN access and multiple broadcast TAIs, and also in more restrictive service access than a legacy deplyment without multiple broadcast TAIs.

Observation 7	For UE NAS to be able to determine Service area restrictions based on all TAI broadcast by the NG-RAN cell also part of the RA would require updates in RAN and CT1 specification.

Observation 8	Negative and unexpected Service area restrictions when multiple TAIs are broadcast by the NG-RAN cell can be avioded via configuration.


Proposal 1:	It is proposed to maintain the currently specified functionality at multiple broadcast TAIs where UE NAS selection of current TAI, used to determine Allowed vs non-Allowed area, is limited to registered PLMN TACs or selected PLMN TACs

Proposal 2:	It is proposed to capture possible unexpected impact to Service area restrictions at multiple broadcast TAIs when the RA assigned to the UE consists of more than one PLMN (ePLMNs).


A CRs is available in C1-224676, to update the specification following proposal 2.
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