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1 Introduction

User plane optimisation for NB-IoT is being discussed in various working across.  During the email discussion [NBAH#03], there was a suggestion to provide the list of bearer id as part of resume procedure to synchronise the network and UE in case there is a mismatch.  This topic was not discussed in RAN2 so far.

Another point for discussion is the handling of a signalling only connection establishment when UE is suspended.  This could be for example for a TAU or periodic TAU.  There are several options on how to handle this connection. 

The discussion is also applicable for non-NB-IoT.  This document discusses both these topics in detail.
2 Discussion

Bearer synchronisation in Suspend/Resume

During the email discussion [NBAH#03], one of the fields mentioned for inclusion in the Resume request message was the bearer list. RAN2 has not been discussed this yet, however SA2 agreed a CR which states:

The UE triggers the RRC Connection Resume procedure including information needed by the eNodeB to access the UE’s stored AS context, see TS 36.300 [5]. The E-UTRAN performs security checks. The eNodeB provides the UE with the list of the resumed radio bearers. EPS bearer state synchronization is performed between the UE and the network, i.e. the UE shall locally remove any EPS bearer for which no radio bearer is setup and which is not a Control Plane EPS bearer. If the radio bearer for a default EPS bearer is not established, the UE shall locally deactivate all EPS bearers associated to that default EPS bearer.

However, our understanding is that there was no much discussion around this point in SA2 and it seems to be an extension of the legacy mechanism that exists during RRC Idle [23.401]:

When the UE is in ECM‑IDLE state, the UE and the network may be unsynchronized, i.e. the UE and the network may have different sets of established EPS bearers. When the UE and the MME enter the ECM‑CONNECTED state, the set of EPS Bearers is synchronized between the UE and network. 
In the context of User plane optimisation, it is useful to discuss the motivation for such a bearer state synchronization and impact on RAN specification from this.

Reasons for de-synchronisation

Normally, when there is a need for S1 configuration update, the UE will be brought out of suspended state to reconfigure the UE. The same is normally applicable for bearer release and the network and UE will follow the procedure for releasing the bearers.   Only in exceptional cases such as UE being unreachable where such signalling could not be done, will autonomous release be applicable leading to a de-synchronisation. Further, the normal bearer release is triggered during some activity from the UE which implies the UE is in active communication and not in suspended state, with some few exceptions, such as, the error handling timers. 

Observation #1: De-synchronisation of the bearer list is an exceptional scenario and does not happen often.
Another scenario mentioned is the Admission control in eNB at the time of resumption. LTE bearers are shared resources and resumption does not automatically result in usage of resources. And as these bearers are suspended, they are not likely (though not ruled out) to be GBR bearers.  Further, there is likely to be data in only one bearer at the time and releasing another bearer that does not carry traffic will cause unnecessary bad user experience.  It is considering these reasons why LTE did not introduce partial preservation concept that exists in UMTS (where only the bearer with data is setup when UE comes out of Idle). If at all it is necessary, regular signalling can be used to release the bearer and there is no need to introduce an optimisation for this rare case.

Observation #2: Similar to not supporting Partial preservation, there is not much benefit in optimising releasing the bearer during resumption for Call admission control.  

The other scenario could be where UE may need to autonomously release the bearer.  Again, as with any other UL signalling or data traffic, UE initiated release should under normal circumstances bring the UE out of suspended state and follow normal procedures.  An exception could be when UE is out of coverage. The current NAS procedures already cover this case as a trigger for TAU:
when the UE deactivated EPS bearer context(s) locally while in EMM-REGISTERED.NO-CELL-AVAILABLE, and then returns to EMM-REGISTERED.NORMAL-SERVICE

This is hence addressed at NAS layer and changing this handling to AS layer will not only introduce additional complexity into AS specs but also impact NAS specs. 
Observation #3: De-synchronisation due to UE autonomous release of the bearer is already covered by NAS specification today.  Introducing additional RAN level functionality for this will also impact NAS specs.
Impact on RAN specification:
Introducing such a mechanism in RAN specification will require additional signalling to provide the list of bearers as part of suspend and resume procedure.  Additionally, to introduce some form of Call Admission Control (CAC) to allow eNB to release the bearer, it would be necessary for eNB to know which DRB has data.  This would additionally need to be signalled.  Note that even if we introduced BSR reporting as part of Resume, it will still not uniquely identify which bearer has data and additional signalling would be needed for this purpose.  The UL message 3 that would need to carry all this information is size critical.  It may not be possible to include all of these and even if it could, information in this message should have sufficient benefits. 
Observation #4:  Additional signalling in every Resume message and specification would be needed to support bearer synchronisation.
Observation #5: The main intention of this procedure is to reduce the volume of signalling and it seems counterproductive to introduce additional fields in every suspend/resume message to handle these cases.
If we don’t support such optimisations, it would imply that if there is a change in configuration for any reason that would result in a de-synchronisation of bearer (or any other configuration), the network clears the entire stored context.  This will then result in a normal RRC connection request (i.e., legacy service request).
Similarly, in the rare cases where UE has to take autonomous action such as to release a bearer, it shall delete the stored context.  This will then trigger a normal legacy Connection next time.
Based on these observations, we have the following proposal:
Proposal #1: it is proposed not to introduce RAN level bearer synchronisation and bearer list during suspend and resume procedure; and if so, inform SA2.  
Handling of NAS signalling when UE is suspended

When the UE is in suspended state, network and UE store the last used UE AS configuration.  When there is a need to exchange data with the UE, the connection is resumed and the previously stored configuration restored. Such restoration will re-establish all of the configuration from the stored context including the DRBs. The above discussion addressed the scenario for user data in DRB.  If the UE has only signalling to send (such as periodic TAU), needs further discussion.

One simplest solutions is to always perform resume procedure irrespective of whether UE has data or signalling.  This will always bring the UE and network to an unambiguous state.  However, this will result on the establishment of the DRBs even for a periodic TAU.  From the radio perspective, this would have been quite acceptable since there is  really no signalling involved for the resumption and subsequent suspension of the DRBs. But this also requires the setup of  bearers over S1 which involves signalling over the network interfaces and this could be seen as wasteful.
Other options are possible. For example to set up all the stored configuration except the radioResourceConfigDedicated related to DRBs configured by DRB-ToAddMod.  Or one can consider the radio DRB to be resumed but not set up the S1 radio bearers.  Another option could be to use another configuration for the signalling only connection while leaving the suspended configuration untouched. While these solutions could reduce signalling and some of them may seem reasonable in sunny day scenario, the real complexity comes in when considering rainy day scenarios, collision cases.   For example, how to handle DL data arrival when the UE is in the middle of a TAU without DRBs.  
Another option is to use a regular connection establishment for TAU.  The stored context will be deleted during this procedure both in the network and in the UE.  Since these (periodic) TAU is infrequent, this may also be sufficient.
It is hence proposed that the simple solution be adopted to always go through full resume or a regular connection whenever the UE establishes the signalling only connection for (periodic) TAU.
Proposal #2:  Full context resume or a regular connection is always used whenever the UE needs to establish a connection for signalling only connection for (periodic) TAU.
3 Conclusion and proposals

The document discussed the need for the bearer list for RAN level bearer synchronisation and the handling of signalling only connection such as periodic TAU when UE is suspended.  The following proposals are made.
Proposal #1: it is proposed not to introduce RAN level bearer synchronisation and the bearer list during suspend and resume procedure; and if so, inform SA2.  

Proposal #2:  Full context resume or a regular connection is always used whenever the UE needs to establish a connection for signalling only connection for (periodic) TAU.

