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1 Introduction

In RAN2#101bis meeting, it was agreed that [1]
=>
Revisit discussion of RRC behaviour of UE when the UE enters out of coverage at next meeting.

Accordingly, when an inactive UE enters out of coverage from camped normally state, whether the RRC state of the UE needs to be changed is an open issue. In this contribution, we will discuss the RRC behaviour of an inactive UE when the UE enters out of coverage from camped normally state.
2 Discussion
It is possible that an inactive UE enters out of coverage from camped normally state. In this case, there are two options for the UE behaviour as follows:
· Option 1: the UE moves immediately into idle state.
· Option 2: the UE keeps in inactive for a while.
For option 1, if the inactive UE enters out of coverage just temporarily and it comes back to camped normally state soon, the UE sate between the network and UE will mismatch because the network will not delete the UE context in very short time, i.e. the network takes the UE as in inactive state. This UE state mismatch will lead to RAN-initiated paging failure for the UE, which will triggers CN paging, and thus requires more signalling and delay overhead. Moreover, whether the inactive UE entering out of coverage is temporary or not is hard to be known by the UE in advance. Therefore, when an inactive UE gets out of coverage from camped normally state, the UE should not moves immediately into idle state, i.e., option 2 is more reasonable.
Observation 1: when an inactive UE gets out of coverage from camped normally state, the UE state mismatch between the network and the UE may occur if the UE moves immediately into idle state.
Proposal 1: when an inactive UE gets out of coverage from camped normally state, the UE should not moves immediately into idle state.
For option 2, when an inactive UE enters out of coverage, the duration of keeping in inactive needs to be identified. As is pointed out in [2], when the network may page the inactive UE entering out of coverage, which would not respond to the paging to a large extent. If one or more retries of paging have no response, the network will delete the UE context unilaterally, which means that the UE is taken as in idle state by the network. This also leads to a mismatch of the UE state between the UE and network if the UE still keeps in inactive. In such situation, when the UE comes back to camped normally state and initiates resume procedure, resume failure will happen since the network could not find the UE context. Hence, it is assumed that the duration of keeping in inactive should not be too long.
Observation 2: when an inactive UE gets out of coverage from camped normally state, the UE should not keep in inactive too long.
As to an inactive UE, when the timer for periodic RNA update expires, the UE should initiate the resume procedure. However, since the UE is out of coverage, the resume procedure will fail. Then the UE will move to idle state based on the following agreement:
3: 
If resume procedure (including RNAU procedure) fails, the UE move to RRC_IDLE and indicates to NAS to perform NAS recovery

Note that the network also has the timer for periodic RNA update. Upon expiry of periodic RNAU timer, it is expected that the network may delete the UE context if it does not receive the resume request for periodic RNAU in a while. In other words, the expiry of periodic RNAU timer would not cause UE state mismatch problem.
Observation 3: for an inactive UE that gets out of coverage, the resume procedure triggered by expiry of periodic RNAU timer will fail and thus move the UE into idle state.
Consequently, there are two alternatives of using periodic RNA update procedure as follows:
· Alt 1: when the UE gets out of coverage it could keep in inactive “at least” until expiry of periodic RNAU timer
· Alt 2: when the UE gets out of coverage it could keep in inactive “at most” until expiry of periodic RNAU timer
For Alt 1, there are two possible methods in the following. In the first method, when the UE gets out of coverage it just needs to keeps in inactive. Upon expiry of periodic RNAU timer, the UE will be moved into idle state based on the existing mechanism, which is analysed above. In the second method, a new timer is introduced to control the duration of keeping the current RRC state for an inactive UE when it gets out of coverage. The start condition is that the inactive UE gets out of coverage, and one of the stop conditions is that the inactive UE gets back in coverage. Meanwhile, the value for the new timer is larger than that for the timer of periodic RNA update, and the stop conditions also include “the expiry of periodic RNAU timer”. 
For Alt 2, a new timer is introduced to control the duration of keeping the current RRC state for an inactive UE when it gets out of coverage. The start condition is that the inactive UE gets out of coverage, and one of the stop conditions is that the inactive UE gets back in coverage. The value for the new timer is less than that for the timer of periodic RNA update.
In summary, compared to Alt 2, the advantage of Alt 1 is that a new timer is not required necessarily (when the first method in Alt 1 is used), but the disadvantage of Alt 1 is that the value of periodic RNAU timer may be too long to avoid the UE state mismatch problem caused by paging, which has be discussed before. In addition, it is not easy to determine the value for the new timer for Alt 2, which needs to be studied further.
Proposal 2: when an inactive UE gets out of coverage from camped normally state, the mechanism of keeping inactive state should be discussed further by taking at least periodic RNAU and paging into account.
3 Conclusion
This contribution discusses the RRC behaviour of an inactive UE when the UE enters out of coverage from camped normally state, and gets the following observations and proposals:
Observation 1: when an inactive UE gets out of coverage from camped normally state, the UE state mismatch between the network and the UE may occur if the UE moves immediately into idle state.
Observation 2: when an inactive UE gets out of coverage from camped normally state, the UE should not keep in inactive too long.
Observation 3: for an inactive UE that gets out of coverage, the resume procedure triggered by expiry of periodic RNAU timer will fail and thus move the UE into idle state.
Proposal 1: when an inactive UE gets out of coverage from camped normally state, the UE should not moves immediately into idle state.
Proposal 2: when an inactive UE gets out of coverage from camped normally state, the mechanism of keeping inactive state should be discussed further by taking at least periodic RNAU and paging into account.
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