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Discussion and decision
1 Introduction

This contribution discusses details related to resume failure handling while in inactive and expected UE behavior. 
2 Discussion
RAN2 agreed to the following points when discussing trigger conditions for which a UE in RRC_INACTIVE transitions autonomously to IDLE as part of the email discussion report [99#30].
"In the following cases the UE releases the UE context, UE AS informs UE NAS:

(b) Upon failure of resume procedure (including the RAN update case);

FFS Whether this applies in all cases of failure of resume procedure

(d) Upon reselecting to other RAT; 

(e) Upon reception of CN initiating paging;"

In this contribution, we aim to discuss the different failure cases when UE is in RRC_INACTIVE and the corresponding UE behaviour and also provide insight into latest SA2 agreement for resume failure handling. 
2.1 Failure of resume from RRC_INACTIVE
A failure of the resumption procedure could happen due to UE or gNB trigger: 

· Resumption failure triggered by gNB: At the network, there can be two main reasons for resumption failure while UE is in RRC_INACTIVE state. 
· a) If the UE accesses a gNB and the gNB does not find a valid UE Context, then the gNB performs fall-back mechanism, as agreed in RAN2#99 meeting, with the establishment of a new RRC connection instead of resumption of the previous RRC connection (similar to Rel-13 UP CIoT). 
· b) If the network cannot successfully reach the UE with the RAN paging procedure, the gNB may either maintain the N2 connection or perform the AN release procedure (moving the UE to idle and CN paging procedure) depending on the pending downlink data (user plane data or NAS PDU respectively) [1]. 
· Resumption failure triggered by UE: This was discussed in a high level during RAN#99 and it was agreed that a UE should autonomously move into RRC_IDLE. However, we think that it is important to further discuss the UE behaviour while clarifying what a resume failure means. 
To our understanding, a failure of the resume procedure for an INACTIVE UE includes a failure due to either message 3 cannot be sent successfully, or message 4 was not received in time. 

In NR, while in RRC_CONNECTED, the UE declares Radio Link Failure (RLF) when one of the following criteria are met:
-    Expiry of a timer started after indication of radio problems from the physical layer (if radio problems are recovered before the timer is expired, the UE stops the timer);
-    Random access procedure failure;

-    RLC failure.
In current LTE, when the UE performs the initial access (resume, re-establishment, initial setup, HO), a timer is started to monitor the procedure and the RLF conditions similar to above are ignored when this timer is running (e.g. T300).   
As we do not see the motivation to have different solution than LTE’s timer based solution, we could reuse the LTE mechanism i.e. when the UE sends the MSG3, it starts a timer T3xx, and when the timer expires before receiving MSG4, the UE will announce resumption failure.

Proposal 1. Introduce a timer T3xx for resumption from INACTIVE procedure.

The characteristics of this timer would be:
· The timer T3xx is started when the UE initiates the transmission of MSG 3;
· The timer T3xx is stopped when the UE receives the MSG4;

· The UE will announce resumption failure if the timer T3xx expires before reception of MSG4;
· During the T3xx running, RLF is not announced (RACH failure, RLC failure, L1 OOS failure)
In LTE, if cell reselection is performed when the timer is running, the UE will treat it as failure and inform upper layers about the failure to establish the RRC connection or failure to resume the RRC connection with suspend indication, and let NAS perform recovery procedure. The main reason is that the UE needs to clear RLC/MAC status, and let NAS try again which would be much simpler and also it does not harm the performance. 
For NR inactive state, the main difference is that UE context is maintained in the RAN, and resume procedure is still faster than NAS recovery procedure. We may consider whether we only rely on timer, i.e. when the UE selects a new cell, the UE just clears MAC/RLC status and re-triggers resume procedure in the new cell. It is thus FFS whether the cell reselection during resume procedure is considered a resume failure.
Based on above discussion, the resumption failure will happen for the following conditions:

· Timer T3xx expiry;

· Cell reselection during resume procedure (FFS);

· Reception of CN paging in inactive state.
Proposal 2. The conditions for resume failure consist of:
· Timer T3xx expiry;

· Cell reselection during resume procedure (FFS);

· Reception of CN paging in inactive state 
In TS 23.501, SA2 has defined that the UE will enter IDLE and perform NAS recovery as per the following:

“

In addition, a UE in CM-CONNECTED state with RRC Inactive state shall enter CM-IDLE mode and initiates the NAS recovery procedure in the following cases:

-
If RRC resume procedure fails,


If the UE receives Core Network paging,

-
If the periodic RAN Notification Area Update timer expires and the UE cannot successfully resume the RRC connection.

-
in any other failure scenario that cannot be resolved in RRC Inactive mode and requires the UE to move to CM-IDLE mode.

“

As previously mentioned, during RAN2#99 meeting, it was agreed that a failure of resume procedure triggers a UE in RRC_INACTIVE to always move into RRC_IDLE autonomously. We suggest that RAN2 further discuss this point aiming to minimize the cases when the state of the UE is not aligned between UE and network. Furthermore, as agreed in SA2 per above, upon resume procedure failure, it would be beneficial for the UE to inform the NAS to perform recovery to avoid misalignment between UE and network. 
Proposal 3. A UE in RRC_INACTIVE transitions into RRC_IDLE and performs NAS recovery procedure upon resume failure as defined by: 

· Timer T3xx expiry;
· Cell reselection during resume procedure (FFS);
· Reception of CN paging in inactive state.
2.2 Handling out of service (including any cell state)
RAN2 needs to discuss the expected behaviour of a UE in RRC_INACTIVE when being temporarily in the camped on any cell state, or out of service. During the email discussion [98#30], it was pointed that RAN2 should not discuss this topic until CT1 concluded the PLMN selection supported for UE in RRC_INACTIVE. On this topic, CT1 confirmed the support of PLMN selection, as shown below in the reference taken from CT1 TR 24.890:
Unless stated otherwise, the UE behavior in 5GMM-CONNECTED mode with RRC INACTIVE indication follows the UE behavior in 5GMM-CONNECTED, except that:

· the UE shall apply the mobility restrictions; and

· the UE shall perform the PLMN selection procedures

as in 5GMM-IDLE mode.
Observation 1. CT1 has agreed that a UE in RRC_INACTIVE performs PLMN selection procedures. 

The following options were discussed for expected behaviour of a UE in RRC_INACTIVE when being temporarily camped on any cell state, or out of service: 

option a) UE in RRC_INACTIVE moves immediately into RRC_IDLE.

option b) UE in RRC_INACTIVE keeps current state until periodic RNAU timer expires.

For this discussion, our understanding is that the UE should be kept in RRC_INACTIVE during the temporary out of coverage in order to keep the UE and network in-synch without generating unnecessarily signaling (option b). If a UE were to move into RRC_IDLE immediately after camping on any cell state (option a) and it only temporarily went out of coverage, the UE and network would have a mismatch of the UE's state as soon as the UE was back in coverage. Therefore, it is preferable to avoid option a.
Proposal 4. A UE in RRC_INACTIVE keeps its current RRC state when being temporarily camped on any cell state or out of service, at least until expiry of periodic RNAU timer. 

3 Conclusion

The observation captured is the following:
Observation 1.
CT1 has agreed that a UE in RRC_INACTIVE performs PLMN selection procedures.

The proposals captured are the following:
Proposal 1.
Introduce a timer T3xx for resumption from INACTIVE procedure.
The characteristics of this timer would be:
-
The timer T3xx is started when the UE initiates the transmission of MSG 3;
-
The timer T3xx is stopped when the UE receives the MSG4;
-
The UE will announce resumption failure if the timer T3xx expires before reception of MSG4;
-
During the T3xx running, RLF is not announced (RACH failure, RLC failure, L1 OOS failure)
Proposal 2.
The conditions for resume failure consist of:

· Timer T3xx expiry;

· Cell reselection during resume procedure (FFS);

· Reception of CN paging in inactive state.
Proposal 3.
A UE in RRC_INACTIVE transitions into RRC_IDLE and performs NAS recovery procedure upon resume failure as defined by:
-
Timer T3xx expiry;
-
Cell reselection during resume procedure (FFS);
-
Reception of CN paging in inactive state.
Proposal 4.
A UE in RRC_INACTIVE keeps its current RRC state when being temporarily camped on any cell state or out of service, at least until expiry of periodic RNAU timer.
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