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1 Introduction

It is argued in [1] and [2] that RRC mode mismatch may happen where standard-compliant eMTC/NB-IoT UE remains in RRC Connected mode while the network considers that the UE is in RRC Idle mode. Such a mode mismatch, if it happens, is serious because the UE becomes unreachable for a long time. The purpose of this contribution is to analyse the reasons behind the identified mismatch problem and propose some solutions.
2 Discussion
In general, RRC mode mismatch between eNB and UE cannot be completely avoided because the mode transition commands are signaled over the air and therefore they are subject to uncertainties. In the end, the only certain thing the network and UE can rely on is the normative specification text.
2.1 Handling of temporary downlink quality degradations
Currently RRC protocol specifies conditions and triggers when the UE shall transition to RRC Idle mode in order to resolve error cases. If the UE frequently initiates uplink transmissions, which is normally the case e.g. for smart phones, RRC mode mismatch problems are relatively easily resolved. In typical network node implementations, the eNB starts a timer to monitor UE inactivity after the transmission of RRC Connection Release message and upon the expiry of the timer the eNB may locally release the UE context if it has not received any acknowledment. Subsequently the eNB also assumes that the UE transitions to RRC Idle mode because sooner or later such a mode transition will happen anyway because that is the specified UE behavior. The assumption seems to be usable even if the response to RRC Connection Release message is missing even though a response would always be desirable to receive.

A problem arises, since eMTC/NB-IoT UEs are not expected to generate uplink traffic more often than once per week or month. Given that the eNB behaves as described above, RRC mode mismatch may happen if the RRC Connection Release message is lost due to temporary downlink quality degradations. As already mentioned in [2], there are no specified actions, behaviors or triggers to allow the UE to initiate transition to RRC Idle mode. If the eNB assumes that the UE transitions to Idle mode upon the expiry of inactivity timer, the UE becomes unreachable and it may get stuck in RRC Connected mode for an unnecessarily long time (i.e. until it generates uplink traffic again).

It can be argued that the above-described RRC mode mismatch problem is to some extent caused by the underlying eNB behavior. The standard does not specify any mechanisms for the UE to initiate transitions to RRC Idle mode and therefore there are no justifications for the eNB to assume that the UE behaves so. It is furthermore unclear why the eNB would locally release the UE context upon the expiry of inactivity timer and assume that the mismatch problem will be resolved next time when the UE initiates uplink transmissions because it is well-known that uplink activities are very infrequent for these device categories. There does not seem to be good technical justification for using such a behavior in this specific case even though the behavior is, of course, permitted.
Observation 1 The mode mismatch problem is to some extent caused by the assumption that the eNB handles eMTC/NB-IoT UEs in the same manner as it handles other UEs.
It can be motivated that the eNB behavior should be (re)designed in order to handle this specific use case properly. If eMTC/NB-IoT UE does not acknowledge the reception of RRC Connection Release message, it is likely that the message is lost due to temporary downlink quality degradation and hence the UE is still in RRC Connected mode because there is no specified behavior where the UE transitions to RRC Idle mode without network interactions. It is therefore also motivated to keep the UE context after the expiry of the inactivity timer rather than to release the context as soon as possible because by keeping the context it is potentially possible for the eNB to reach the UE again which is clearly not possible if the context is released. 
One possible implementation is to maintain the context even if the UE has been inactive for a long time and repeat transmissions of RRC Connection Release message until the UE responds because it is expected that the downlink quality eventually recovers. If the downlink quality degradation is not temporary, it should not really matter whether the mode mismatch problem is resolved or not because communication seems to be impossible anyway.
Observation 2 The mode mismatch problem caused by temporary downlink quality degradations can be alleviated if the eNB maintains the UE context and repeats RRC Connection Release message transmissions even if the UE has been inactive for a long time.
Usually neither eNB behaviour nor eNB internal timers such as the (alleged) inactivity timer are standardized. The above-described behaviour should mainly be seen as one possible solution example. It is therefore proposed to note the observation and leave the detailed solution, e.g. the number and interval of repetitions etc., up to eNB implementation.
Proposal 1 Note the observation 2 and leave the detailed solution up to eNB implementation.
2.2 Handling of other error cases
Even though repetitions are expected to help temporary downlink quality degradations and thereby make mode mismatches less likely, they cannot resolve all error cases. At some point of time, it is necessary for the eNB to stop repetitions because the UE may e.g. run out of battery or the UE may be restarted or even disposed. A more serious mismatch problem occurs if the eNB abruptly looses the UE context while the UE is in RRC Connected mode. This may happen if the eNB is spontaneously restarted to recover from a fatal (internal) error or critical resources are abruptly pre-empted in order to support e.g. incoming high-priority or emergency calls. In real implementations, some kind of timer mechanism is needed to recover from these extremely rare but still possible error cases.

In principle, the timer could be left up to implementation but it can also be argued that it should be useful for the UE to know how long it is meaningful to wait until it may receive RRC Connection Release messages. Similarly, it should be useful for the eNB to know how long it makes sense to repeat transmissions of RRC Connection Release messages and when the UE is not expected to respond anymore. Otherwise resources are wasted. This suggests standardization of a timer mechanism where the UE and the eNB know the instant of time when the UE is not expected to be in RRC Connected mode anymore.
The above-mentioned timer mechanism should not be seen as an alternative solution to already specified RRC Connection release procedures from complexity reasons. In addition, it is desirable to avoid duplication of functionalities from the standardization point of view. Therefore the timer mechanism should allow value settings that are long enough in order to give time for the network to recover from temporary downlink quality degradations by using already specified RRC signalling.
Proposal 2 Introduce a timer mechanism where the UE transitions to RRC Idle mode after long time of inactivity in order to resolve abnormal and rare error cases.
If the proposal is agreeable, it should be discussed how the timer should be specified. Usually configurable timers are preferable due their flexibility. On the other hand, it may be useful to allow implementation of this timer already in earlier frozen Releases. In general, ASN.1 changes should be avoided in frozen Releases and therefore a fixed value should probably be used at least in frozen Releases. Some more analysis is probably needed.
3 Conclusion

In section 2 we made the following observations:
Observation 1
The mode mismatch problem is to some extent caused by the assumption that the eNB handles eMTC/NB-IoT UEs in the same manner as it handles other UEs.
Observation 2
The mode mismatch problem caused by temporary downlink quality degradations can be alleviated if the eNB maintains the UE context and repeats RRC Connection Release message transmissions even if the UE has been inactive for a long time.


Based on the discussion in section 2 we propose the following:
Proposal 1
Note the observation 2 and leave the detailed solution up to eNB implementation.
Proposal 2
Introduce a timer mechanism where the UE transitions to RRC Idle mode after long time of inactivity in order to resolve abnormal and rare error cases.
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