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Abstract: This paper discusses and proposes a way forward for enabling location validity associated with entries of Allowed CAG list.
1. Discussion
A CAG ID on the Allowed CAG list could be associated with location validity, such as a list of TAIs. The location validity then basically implies in which tracking areas the UE is allowed to use this CAG ID.
In the below setup: 
The Allowed CAG list for the UE in the subscription data is CAG ID 1, associated with TA2.
There are CAG cells in TA1/TA2/TA3 supporting CAG ID 1, called “CAG-1-cell” in the rest of this document.
The expected behaviour would be as described below:
1. The UE is allowed to access CAG-1-cell in TA2.
2. The UE is not allowed to access CAG-1-cell in TA1, neither in TA3.
[image: ]
Similar as what is agreed regarding the time validity condition handling in SA2: 
· The UE is aware of the location validity information.
· The NG-RAN is not aware of the location validity condition.
Two alternatives for AMF to provide Allowed CAG list to NG-RAN:
Alternative 1: AMF provides CAG IDs in MRL without validity information to NG-RAN, based on the UE’s location ULI provided by NG-RAN:
-	If the UE’s current TA is part of the location validity, AMF provides the corresponding CAG ID to NG-RAN. 
-	If the UE’s current TA is not part of the location validity, AMF does not provide the CAG ID to NG-RAN.
For expected behaviour 1, when UE’s starting point ULI is outside of the location validity, the NG-RAN will not get the Allowed CAG ID, thus not possible to trigger connected mode mobility from outside into the TAs that is part of the location validity. The UE needs to have the starting point ULI inside the location validity (e.g. buy the ticket when inside the valid TAs, where the UE is updated by UCU and NG-RAN is updated as well via Downlink NAS Transport message regarding Allowed CAG). Or the UE performs CM-IDLE to CM-CONNECTED transition when entering the valid TAs.
Observation 1:
The UE is not able to be directed by connected mode mobility from invalid TAs into valid TAs in all cases when MRL does not contain the location validity information.
For expected behaviour 2, since it is the NG-RAN that performs the CAG access control during CM-CONNECTED mode mobility and transition from RRC-Inactive to RRC-Connected based on the MRL received from AMF, without knowing the location validity condition, the access control done by NG-RAN can only be based on CAG ID. It means, the NG-RAN in TA2 will allow the UE to connected mode mobility to TA1/TA3, if there are CAG-1-cell in TA1/TA3. But as the UE’s ULI is no longer TA2, the CAG ID 1 will no longer be part of the Allowed CAG list in MRL (assuming AMF always updates NG-RAN with MRL when validity changes), so that NG-RAN can take actions only at the next UE connected mode mobility or next transition from RRC-Inactive to RRC-Connected (if there is any).
In current spec, AMF only performs CAG access control during CM-IDLE to CM-CONNECTED and connected mobility from EPS, so in this case AMF is not able to perform access control, due to lack of knowledge of the supported CAG ID in the new serving cell in TA1/TA3 (the input for AMF to perform CAG access control in this case is combination of CAG ID and TAI). 
Observation 2:
The UE is not strictly forbidden when outside the valid TAs (i.e. the UE can be directed by connected mode to the CAG cell in an invalid TA).
If new functionality is needed on AMF to perform CAG access control when UE is in CM-CONNECTED state, there are a few options with/without RAN impact:
· AMF simply releases the UE when UE’s ULI is not TA2. There might be unnecessary service interruption if UE is allowed due to other combination of CAG ID and TA1/TA3. No RAN impacts.
· AMF is made aware of the supported CAG ID of the current serving cell by NG-RAN when UE is in CM-CONNECTED, and releases UE if the combination of CAG ID and TAI (of the ULI) is not valid. RAN impact is needed.

Alternative 2: AMF provides CAG IDs in MRL without validity information to NG-RAN, based on the NG-RAN supported TAI during NG-AP setup:
· If the NG-RAN supported TAs are part of the location validity, AMF provides the corresponding CAG ID to NG-RAN.
· If the NG-RAN supported TAs are not part of the location validity, AMF does not provide the corresponding CAG ID to NG-RAN.
For expected behaviour 1, as the NG-RAN may get the correct Allowed CAG list even the UE is not yet inside the valid TAs, it is possible to enable the connected mode mobility from invalid TA to valid TA. But it is not guaranteed, as the UE may start in an invalid TA anyway, depends on how the network is deployment and TA is allocated. On the other hand, the UE can start to access the CAG cell when located in the invalid TAs. In the VMR use case, if the bus has not yet arrived the station where people get on, it may not be harm to provide the current serving NG-RAN already with the Allowed CAG list, even the TA of the UE’s ULI is not yet valid, as the target CAG cell is still on the bus not arriving. 
For expected behaviour 2, as the NG-RAN supported TA range may be larger than the valid TA, the UE may be allowed to continue the access in a larger area, comparing to the case AMF provides MRL based on UE’s ULI with functions in current spec.
The new function on AMF (as described earlier) can still be equally used compared to the case when AMF provides MRL based on UE’s ULI. Once the UE is released, as the UE is aware of the CAG validity information, it will not come back if the UE’s current TA is not valid anymore.
Conclusion:
As long as the use case does not require stringent CAG access control based on location validity, RAN impact can be avoided to support location validity condition.

2. Conclusion and Proposal
Progress the following:
· Alternative 2 for AMF to provide Allowed CAG list without validity information to NG-RAN, based on the NG-RAN supported TAIs; and
-	AMF releases the UE if any location validity has changed to invalid (TA in the UE’s ULI), based on operator’s policy.
The corresponding changes are available in S2-2304091.
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