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1.
Introduction
In RAN2#103bis meeting, RAN2 sent LS [1] on agreements regarding UE behaviour in RRC_INACTIVE while going out-of-service to CT1 and SA2. CT1 provides answer as follows in reply LS [2]

	The RAN2 LS indicated the following agreements:

Agreements 

1
If the UE enters "Any cell selection" the UE remains in RRC_INACTIVE

2
If the UE camps on an acceptable cell (i.e. “Camped on any cell” state) the UE remains in RRC_INACTIVE, and then goes to IDLE when RNAU update timer expires or until the UE NAS initiates signalling.
CT1 notes that aligning with the above agreements would mean considerable CT1 specification impacts with a very limited benefits, for the following reasons:

The UE can move to any cell selection state only in the following situations:

1) If the current PLMN is part of the forbidden PLMNs list; or

2) If the current TAI is in of one of the 5GS forbidden tracking areas list.

Case 1) above can only occur if the UE moves out of the registered PLMN and equivalent PLMN list, and in this case the UE will anyways move out of RRC_INACTIVE state as per current CT1 specification in TS 24.501 subclause 5.3.1.4. Thus above RAN2 agreement cannot be applied in this case.

For case 2) above to occur, the UE will have to move out of the current registered TAI list and enter a TAI in one of the 5GS forbidden tracking areas list while also belonging to the registered PLMN which is a very rare case. Furthermore, in this rare case maintaining the UE in RRC_INACTIVE state is helpful only if the UE moves back to its registered TAI list before the RNAU update timer expires otherwise UE will move to IDLE mode.

Additionally, since RRC _INACTIVE is part of 5GMM-CONNECTED mode in CT1 specification, and that in any cell state the UE is in limited service state at NAS, the RAN2 agreements above would also require the UE to be in 5GMM-CONNECTED mode while simultaneously be in limited service state, which is currently not supported by the 5G NAS state machine.

Thus CT1 would strongly prefer that when the UE enters “Any cell selection” and when the UE camps on an acceptable cell, the UE moves to idle mode immediately.


CT1 sent reply LS with rasing concern on supporting “any cell selection” and “Camped on Any Cell state” in RRC_INACTIVE, so in this discussion paper, we provide our further consideration on the concerns point of CT1.
2.
Discussion
The current TS24.501 section 5.3.1.4 describes that if the UE selects a new PLMN which is not an equivalent PLMN to the registered PLMN, the UE transits to from 5GMM-CONNECTED mode with RRC inactive indication to 5GMM-IDLE. Thus, if the AS layer operates according to agreement of RAN2, the state mismatch occurs between the AS layer and the NAS layer.

Observation 1. The current specification of the NAS layer when the UE enters “Any Cell Selection state” is conflicted with the agreement of RAN2.

However, even if the UE moves to RRC_IDLE like preference by CT1, the network could not know whether the UE enters “Camped on Any Cell state” and moves to RRC_IDLE or not, because the UE could not transmit any signalling except emergency call on acceptable cell. Therefore, the state mismatch between the network and the UE is still occurred.

Observation 2. Even if the UE moves to RRC_IDLE like preference by CT1, the RRC state and the NAS layer state between the network and the UE will still be different.
If the UE in RRC_INACTIVE transits from “Camped Normally state” to “Any Cell Selection state”, there may be three possible scenario for the UE as below:

Scenario 1. UE could not find any cell available at the moment, the UE stays in “Any Cell Selection state”.

Scenario 2. UE finds an acceptable cell in “Any Cell Selection state”, the UE transits to “Camped on Any Cell state”.

Scenario 3. UE finds a suitable cell in “Any Cell Selection state”, the UE transits to “Camped Normally state”.

In Scenario 1, regardless of transitioning to RRC_IDLE or staying RRC_INACTIVE, the UE is not reachable for mobile terminated data or signalling by the network and the UE could not transmit or receive any data or signalling. Thus, in Scenario 1, there seems no benefit of supporting “Any Cell Selection state” and “Camped on Any Cell state” in RRC_INACTIVE. 
Observation 3. If the UE stays in “Any Cell Selection state”, i.e., in out-of-coverage, the UE is not reachable and the UE could not transmit or receive any data or signalling regardless of transitioning to RRC_IDLE or staying RRC_INACTIVE. 

If the UE comes back to suitable cell before the expiration of the RNAU update timer as in Scenario 3, it seems reasonable to maintain RRC_INACTIVE because the network and the UE can still get the benefit of the RRC_INACTIVE without additional behaviour or signalling. We think that RAN2 decided to support “Any Cell Selection state” and “Camped on Any Cell state” in RRC_INACTIVE in that sense.

In general, “Any Cell Selection state” is temporary, and “Camped on Any Cell state” is followed by “Camped Normally state” in most cases. This means that a case which is the UE moves between “Any Cell Selection state” and “Camped Normally state” directly is very rare in real use-case. Thus, if the UE should transit to RRC_IDLE immediately upon entering “Any Cell Selection state”, this seems to be too much action, ignoring benefits for simplifying the specification and UE behaviour.
Observation 4. For a case which is the UE comes back to suitable cell before the expiration of the RNAU update timer, it seems reasonable to maintain RRC_INACTIVE because the network and the UE can still get the benefit of the RRC_INACTIVE without additional behaviour or signalling.
Observation 5. Since “Camped on Any Cell state” is followed by “Camped Normally state” in most cases, if the UE transits to RRC_IDLE immediately upon entering “Any Cell Selection state”, this seems to be too much action with ignoring benefits of RRC_INACTIVE.
However, we understand that CT1 has a strong concern due to impacts on 5G NAS protocol in terms of NAS state transition. Thus, we need to re-consider solutions based on its impact on specification and the UE behaviour. For now, we have three options for this issue.
Option 1. To transit to RRC_IDLE and to 5GMM-IDLE
Option 2. To stay in RRC_INACTIVE and 5GMM-CONNECTED mode with RRC inactive indication
Option 3. The AS layer to stay in RRC_INACTIVE and the upper layer transit to 5GMM-IDLE
If we goes with option 1, there is no impact on TS 24.501. However, the TS 38.331 needs to be changed for state transition, and both the UE and the network could not maintain benefits of RRC_INACTIVE even if the UE is out-of-coverage for a short time and moves back to normal coverage. Considering that a motivation of introducing RRC_INACTIVE in NR and a small coverage due to high frequency in NR, it seems not a best solution, but it is the simplest way anyway.
With option 2, TS 38.331 seems not to be changed much, except a note for ensuring that RNAU is not triggered on acceptable cell, but TS 24.501 has an impact for supporting limited service in 5GMM-CONNECTED mode with RRC inactive indication even though CT1 does not prefer. It can be a beneficial way for initial network deployment that are not dense.
Lastly, with option 3, there will be a state mismatch between the AS layer and the NAS layer until the UE NAS initiates signalling or when RNAU update timer expires. Even if the NAS layer initiates signalling, there seems no issue because the AS layer will transit to RRC_IDLE according to the RAN2 agreement. However, for a case when UE comes back to normal cell which is belonging to the configured RAN notification area, additional handling will be required to change a NAS layer into 5GMM-CONNECTED mode with RRC inactive indication.
Proposal 1. RAN2 need to re-consider solutions based on its impact on specification and the UE behaviour.

3.
Conclusion
In this discussion paper we presented our further consideration on replay LS from CT1 and proposed the following:

Observation 1. The current specification of the NAS layer when the UE enters “Any Cell Selection state” is conflicted with the agreement of RAN2.

Observation 2. Even if the UE moves to RRC_IDLE like preference by CT1, the RRC state and the NAS layer state between the network and the UE will still be different.
Observation 3. If the UE stays in “Any Cell Selection state”, i.e., in out-of-coverage, the UE is not reachable and the UE could not transmit or receive any data or signalling regardless of transitioning to RRC_IDLE or staying RRC_INACTIVE. 

Observation 4. For a case which is the UE comes back to suitable cell before the expiration of the RNAU update timer, it seems reasonable to maintain RRC_INACTIVE because the network and the UE can still get the benefit of the RRC_INACTIVE without additional behaviour or signalling.
Observation 5. Since “Camped on Any Cell state” is followed by “Camped Normally state” in most cases, if the UE transits to RRC_IDLE immediately upon entering “Any Cell Selection state”, this seems to be too much action with ignoring benefits of RRC_INACTIVE.
Proposal 1. RAN2 need to re-consider solutions based on its impact on specification and the UE behaviour.
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