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1 Introduction

It is argued in [1] and [2] that Radio Resource Control (RRC) mode mismatch may happen where standard-compliant UE remains in RRC Connected mode while the network considers that the same UE is in RRC Idle mode. Such a mode mismatch, if it happens, is serious because the UE becomes unreachable. The purpose of this contribution is to analyse the reasons behind the identified mismatch problem and compare some solution alternatives.
2 Discussion
The general principle of 3GPP radio interfaces is that the network controls transition of RRC modes, i.e. the network admits and rejects RRC connection requests as well as releases RRC connections by sending RRC Connection Release messages. In addition, RRC protocol specifies conditions and triggers when the UE shall transition to RRC Idle mode to resolve error cases.
A mode mismatch problem may occur if the RRC Connection Release message is lost due to temporary downlink degradations. If so happens, the UE remains in RRC Connected mode while the network considers that the UE is in RRC Idle mode. Consequently, typical network implementations repeat transmissions of RRC Connection Release message until the UE responds because it is reasonable to expect that downlink quality eventually recovers. If the downlink quality degradation is not temporary, the mode mismatch problem is irrelevant because communication seems to be impossible anyway.
Observation 1 The mode mismatch problem caused by temporary downlink quality degradations is alleviated if the eNB repeats RRC Connection Release message transmissions.
It should be emphasized that successful reception of RRC Connection message is always desirable because the message conveys important information, e.g. connection release cause value and Idle mode mobility control information. The RRC Connection message has also been extended during several Releases, e.g. to include RRC resume information, and hence there are networks functions that assume that the UE receives the message before transition to RRC Idle mode.
RRCConnectionRelease-r8-IEs ::=

SEQUENCE {


releaseCause





ReleaseCause,


redirectedCarrierInfo



RedirectedCarrierInfo



OPTIONAL,
-- Need ON


idleModeMobilityControlInfo


IdleModeMobilityControlInfo


OPTIONAL,
-- Need OP


nonCriticalExtension



RRCConnectionRelease-v890-IEs

OPTIONAL

}
So, apart from the identified RRC mode mismatch problem, abrupt loss of RRC connection release message may have an adverse impact on radio network functions such as load balancing. It is therefore important to deliver the message to all UEs, if possible, before they transition to RRC Idle mode.
Observation 2 It is important to try to successfully deliver RRC Connection Release message to all UEs before they transition to RRC Idle mode.

Even though repetitions are expected to help temporary downlink quality degradations, they cannot resolve all error cases. At some point of time, it is necessary for the eNB to stop repetitions because the UE may be e.g. out of battery, restarted or even disposed. It is also possible that the eNB abruptly looses the UE context while the UE is in RRC Connected mode. This may happen if the node spontaneously restarts to recover from a fatal error or if resources are pre-empted to support incoming high-priority or emergency calls. It is therefore motivated to look for other types of solutions to recover from these error cases.
2.1 Solution Alternatives

Option 1: Timer 

One possible solution is to start an inactivity timer in the UE and upon the expiry of the timer allow the UE to transition to RRC Idle mode. In that way, the UE becomes reachable after awhile.
Advantages

· The mode mismatch problem is resolved in a reliable manner

· Many implementations most likely already have this kind of timer mechanism in one or another way and therefore this solution is expected to have very modest impact on implementations.
Disadvantages

· If the timer is set to a short value, the timer may expire too anxiously, i.e. the UE may transition to RRC Idle mode without reception of RRC Connection Release message even though the message could have been possible to receive. Consequently, the UE may loose important information that is conveyed by the message and accordingly the timer mechanism may adversely interact with existing functionality (such as load balancing and RRC resume).
Option 2: Signalling Connection Release Indication

As proposed in [2], the timer mechanism could be applied for the transmission of a new message. Upon the expiry of the timer, the UE could send a signalling connection release indication message to request for release of RRC connection. In contrast to the earlier timer solution, the UE does not release RRC connection until it receives the RRC connection release message from the eNB.
Advantages

· The intention is to ensure that the RRC connection release message is always received before the UE transitions to Idle mode.
Disadvantages
· If explicit signalling of RRC connection release messages is expected to be unreliable, it is unlikely that the signalling connection release indication message and subsequent RRC connection release message is more reliable. If the signalling connection release indication message is lost, the RRC mode mismatch problem remains unsolved. Hence there is a complexity impact but the gains are not obvious because the problem is not necessarily resolved.
· The feature is optional for the UE but it becomes mandatory for all networks to implement handling of signalling connection release requests if there are UEs on the field that implements the feature.

Option 3: Radio Link Failure

A possible variant of the signalling connection release indication solution is that the UE triggers Radio Link Failure (RLF) upon the expiry of the timer or if it otherwise suspects RRC mode mismatch, e.g. if the UE has not received anything from the network for a long time. 
Advantages

· The mode mismatch problem is resolved in a reliable manner by reusing existing procedures.

· It is possible to build observability counters for these error events.
Disadvantage

· If explicit signalling of RRC connection release messages is expected to be unreliable, it is unlikely that RLF reporting is more reliable. Hence there is a complexity impact but the gains are not obvious.

· The feature is optional for the UE but it becomes mandatory for all networks to implement handling of the new RLF report if there are UEs on the field that implements the feature.

2.2 Recommendation
The comparison of different solution options with respect to their advantages and disadvantages suggests to adopt the timer based solution because it has obvious benefits and the disadvantages are easily resolved. A proper setting of the timer to a sufficiently long value should be enough to ensure that the timer mechanism does not adversely interact with existing functions.
Proposal 1 Introduce a timer mechanism where the UE transitions to RRC Idle mode after long time of data inactivity.
If the proposal is agreeable, it should be discussed how the timer could be captured in the specification. It seems reasonable to leave the timer setting up to the UE implementation because the timer is an UE internal timer in the same manner as the (so-called) RRC inactivity timer at the network side. eNB’s internal timers are not standardized either. It is also difficult to imagine any reasons for standardized requirements because the behaviour upon the expiry of an internal implementation-specific timer barely needs conformance tests. A clarification of RRC release procedure should be sufficient to ensure that UEs do not become unreachable.
Proposal 2 Clarify RRC specification such that the RRC Connection Release procedure is also triggered upon determining that the network has failed to signal the release of RRC connection
A draft CR is shown in R2-166672 [3].
3 Conclusion

In section 2 we made the following observations:
Observation 1
The mode mismatch problem caused by temporary downlink quality degradations is alleviated if the eNB repeats RRC Connection Release message transmissions.
Observation 2
It is important to try to successfully deliver RRC Connection Release message to all UEs before they transition to RRC Idle mode.


Based on the discussion in section 2 we propose the following:
Proposal 1
Introduce a timer mechanism where the UE transitions to RRC Idle mode after long time of data inactivity.
Proposal 2
Clarify RRC specification such that the RRC Connection Release procedure is also triggered upon determining that the network has failed to signal the release of RRC connection
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