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1
Introduction
RAN2#96 made following agreements on light connection:
Agreements

1
As a baseline, idle mode features covered by TS 36.304 are applicable for UEs in RRC_CONNECTED with light RRC connection.

2
Working assumption: The following features are applicable for lightly connected UEs:


(a) PLMN selection (including Background search for High Priority PLMN), (b) Cell reselection to CSG, (d) Logged MDT and (f) DRX handling.

2.1
I-eDRX and PSM mode are not used for light connected UEs

3
To allow eNB prioritization based on the cause values of MO data, MO signaling, and MT access. FFS other values e.g. PAU (paging area update).

4
When RRC resume fails, the UE should enter RRC idle and notify higher layer about the failure.
5
To use resumeID for a UE in light connection to uniquely identify the UE and its "anchor eNB".
As highlighted above the assumption is that UE goes to idle when the resume procedure fails. There are, however, different scenarios where the failure could happen. SA2 and CT1 WGs have also discussed the core network (CN) impacts in SA2#118bis and CT1#101bis meetings. CT1 had a recommendation that UE should leave RRC connected when receiving reject to the resume request which is aligned with the RAN2 assumption.
In this contribution, we are elaborating some details related to the procedures in the resume failure scenarios.
2
Discussion
A reject (RRCConnectionReject -message) to resume request may happen for different reasons:
· UE context cannot be fetched from the anchor eNB, e.g. no X2 connection 
· UE context no longer existing in the network side; e.g. release due to MME load balancing
· Possible mismatch between states at the UE and CN; e.g. after RAN paging failure when UE was out-of-coverage

· Periodical PAU (FFS whether specified) failure: If the UE fails to perform periodical PAU at the time when it was configured to be done e.g. due to OoC, UE may re-try connection resume when the serving cell is found again (the procedure in this case is FFS, see also [9])

PAU may fail also due to poor radio conditions and the resume procedure fails. PAU is initiated with RACH procedure where the failure may happen during the msg1-4 transmissions.
2.1
Additional procedures for connection resume failure
Regarding the rejection for the connection resumptions, in the first three cases the RAN2 agreement seems sufficient: UE releases the RRC connection and informs NAS about moving to idle. In these cases the UE context is no longer existing in the network and UE may locally move to idle.

For the failure of periodical PAU the recovery procedure is still open. If the UE (re-)tries the connection resumption after missing the periodical PAU, the procedure will apparently fail as the network have released the connection due to missing periodical PAU. While re-attempting the PAU (which eventually fails) the UE is identified and its location will become known to the network. However, if the UE had re-selected a cell outside its TA, UE NAS shall initiate TAU as in legacy operation.

Observation 1: After missed periodical PAU, UE may attempt connection resume in case TA has not changed. Otherwise UE NAS will initiate TAU (legacy behaviour).

The UE may initiate the location update using connection setup instead of connection resume. This would be the case when assuming a missed periodical PAU would trigger connection release on the network side. In case the TA has not changed, a NAS recovery would be sufficient the network about UE being again reachable. When a cell in another TA has been (re-)selected, a TAU procedure shall be initiated.
Observation 2: After missed periodical PAU, UE could initiate connection setup procedure and NAS recovery to inform network its location (and being reachable again) in case TA has not changed. In case TA has changed, TAU shall be triggered (legacy operation).
Basically, both options discussed above would be feasible. However, more logical choice could be the initiate connection setup after a missed periodical PAU assuming the connection and UE context have been released in the network side.
Proposal 1: UE shall update its location after missed periodical PAU using the connection setup procedure. TAU shall be performed if TA has changed.
A resumption failure due to poor radio connection, as stated above, may happen during the RACH procedure. In case the failure happens with the msg4 transmission, the network already can identify the UE and the connection may be released. In the other cases, the UE identity is not yet known by the network and LC may continue from the network point of view. In such case UE may also re-initiate the PAU.
Observation 3: If PAU attempt fails during the RACH procedure before the contention resolution, the UE can stay in light connection and re-initiate PAU. Otherwise UE goes idle.
If the re-attempts of the connection resumption were allowed, there should be a mechanism to limit the attempts, either with a timer or a counter.

Proposal 2: RAN2 is asked to consider allowing resume re-attempts if the failure happens during the RACH procedure before the contention resolution.
2.2
Staying in light connection
In the running 36.331 CR it is proposed to indicate in the RRCConnectionReject -message whether the UE shall remain in light connection and keep the stored context. In case the connection resume was initiated for PAU when moving beyond the configured RAN paging area, this indication apparently should not be present because the reject message do not include the RAN paging area configuration for the new area. This can be left for eNB implementation to take care of the correct message contents in all scenarios.
Observation 4: When the connection resume is initiated by PAU, i.e. UE moving to a new RAN paging area, possible resume reject would not include indication to stay in light connection and retaining the context. This could be left for eNB implementation to take care of.
An alternative to the approach above would be to handle the indication at the UE also in case where the reject was received for PAU attempts. AS could inform NAS about incomplete light connection configuration which would trigger NAS recovery (?) after which RAN may decide either to move the UE to idle or to light connection including the RAN paging area configuration.

Observation 5: Alternative to Obs. 4, indication to remain in light connection could be handled by informing NAS to trigger appropriate actions.
Our view is that, for simplicity, we can rely on sensible implementation of RAN to avoid such ambiguous situation.

Proposal 3: It is left up to RAN implementation not to indicate continuation of light connection when rejecting a PAU attempt.
3
Conclusions
In this paper, we have analysed various failure scenarios and what should be the UE behaviour and suitable procedures to recover. We ended up with following observations and proposals:
Observation 1: After missed periodical PAU, UE may attempt connection resume in case TA has not changed. Otherwise UE NAS will initiate TAU (legacy behaviour).

Observation 2: After missed periodical PAU, UE could initiate connection setup procedure and NAS recovery to inform network its location (and being reachable again) in case TA has not changed. In case TA has changed, TAU shall be triggered (legacy operation).
Observation 3: If PAU attempt fails during the RACH procedure before the contention resolution, the UE can stay in light connection and re-initiate PAU. Otherwise UE goes idle.
Observation 4: When the connection resume is initiated by PAU, i.e. UE moving to a new RAN paging area, possible resume reject would not include indication to stay in light connection and retaining the context. This could be left for eNB implementation to take care of.

Observation 5: Alternative to Obs. 4, indication to remain in light connection could be handled by informing NAS to trigger appropriate actions.

Proposal 1: UE shall update its location after missed periodical PAU using the connection setup procedure. TAU shall be performed if TA has changed.

Proposal 2: RAN2 is asked to consider allowing resume re-attempts if the failure happens during the RACH procedure before the contention resolution.
Proposal 3: It is left up to RAN implementation not to indicate continuation of light connection when rejecting a PAU attempt.
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