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Introduction
In the last Hangzhou meeting, RAN2/RAN3 agreed to put FFS for the RAN paging failure handling in relation to how to define the RAN-initiated paging failure and the periodic RAN Location Area Update (RLAU) procedure. This contribution provides further details on this issue and proposes the corresponding Stage-2 Text Proposal for TS 38.300 [1].
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Discussion

In the RAN2#98 email discussion [98#54], the RAN3 agreement "upon RAN paging failure, the last serving NG-RAN node shall release the NG connection of the UE" was updated to be captured as "FFS whether upon RAN paging failure, the last serving NG-RAN node shall release the NG connection of the UE". The motivation was that it should be discussed in relation to the RAN paging failure and the periodic RAN Location Area Update (RLAU) procedure, which was agreed on RAN2#98 meeting.
In our understanding, periodic RLAU procedure is defined (1) to guarantee UE's reachability (at least with the frequency of the periodic RLAU timer); (2) to avoid UE state mismatch scenarios; and (3) to avoid extended out of coverage scenarios and implicit detach. Namely, while this periodic RLAU timer is running, the UE will consider itself as in INACTIVE state.  Therefore if RAN paging messages were lost e.g. because the UE is temporarily out of coverage or for other reason, gNB can rely that the UE will perform periodic RLAU and gNB will only consider UE out of coverage if UE does not send periodic RLAU.

Observation 1: Periodic RLAU procedure is defined (1) to guarantee UE's reachability (at least with the frequency of the periodic RLAU timer); (2) to avoid UE state mismatch scenarios; and (3) to avoid extended out of coverage scenarios and implicit detach.

As a result, if gNB releases NG connection due to a RAN paging failure before the expiry of this periodic RLAU timer, this may lead to a UE state mismatch because the UE will still think itself as in INACTIVE state while the RRC being released in the network side (i.e., CM-IDLE in AMF). Such UE state mismatch caused by the early NG connection release before the expiry of the RLAU timer may not be desirable as it may happen frequently (may become a normal scenario) [2].

One can claim that the UE state mismatch itself is not a problem as a UE in INACTIVE state monitors both RAN-initiated and CN-initiated paging, and also performs the periodic RLAU procedure. However, note that 3GPP principle has been avoiding to create state mismatch as a normal scenario due to the unpredictable behaviors or scenarios that this may lead to.

Observation 2: A UE state mismatch may become a normal scenario if gNB releases NG connection due to a RAN paging failure before the expiry of the periodic RLAU timer.
On the other hand, if the early NG connection release before the expiry of the RLAU timer is allowed, then a question may arise why periodic RLAU timer is indeed needed on RAN level, considering that periodic TAU timer is already defined in NAS. In fact, Periodic TAU can easily be extended to Connected mode rather than introduce a new similar mechanism in RAN as RLAU.

Observation 3: If we allow early NG connection release before the expiry of the RLAU timer, then it is questionable whether periodic RLAU timer is needed, considering that periodic TAU timer is already defined in NAS and can easily be extended to Connected mode.
So, there are unclear aspects in regards to the RAN paging failure handling and the periodic RLAU procedure. Although the handling of the DL NAS PDU or DL data can be progressed as similar to the light connection [3] (e.g. forward back any non-delivered NAS PDU with NAS NON DELIVERY INDICATION), this is also tied to the NG connection release from the procedural perspective and how gNB should behave upon a RAN paging failure. Progressing on this aspect on our own may result in revisiting or reverting our agreements in the future. We believe that it would be good to wait for SA2 to progress and provide clear guidance in regards to the RAN paging failure handling and the periodic RLAU procedure.

Proposal 1: RAN3 to wait for SA2 to progress regarding the RAN paging failure handling.
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Conclusions and proposals

In the present contribution we make the following observations:

Observation 1: Periodic RLAU procedure is defined (1) to guarantee UE's reachability (at least with the frequency of the periodic RLAU timer); (2) to avoid UE state mismatch scenarios; and (3) to avoid extended out of coverage scenarios and implicit detach.

Observation 2: A UE state mismatch may become a normal scenario if gNB releases NG connection due to a RAN paging failure before the expiry of the periodic RLAU timer.
Observation 3: If we allow early NG connection release before the expiry of the RLAU timer, then it is questionable whether periodic RLAU timer is needed, considering that periodic TAU timer is already defined in NAS and can easily be extended to Connected mode.
Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: RAN3 to wait for SA2 to progress regarding the RAN paging failure handling.
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