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1 Introduction

At RAN2#91bis it was agreed to have RRC_IDLE and RRC_CONNECTED states as baseline state model for NB-IoT. To that end procedures for connection establishment, connection release and radio link failure handling are also needed. Support for RRC connection reestablishment was FFS. RRC connection reconfiguration was also discussed at RAN2#91bis, but no conclusion was reached.

Furthermore, procedures for connection suspend and resume have not been discussed pending SA2 conclusion on solution for S1 architecture enhancement for IoT. SA2#111 concluded that support for DoNAS and RRC connection suspend and resume shall be specified in Rel-13. This contribution discusses and proposes way forward for RRC Connection Control, particularly w r t procedures for:

· RRC Connection establishment/release

· RRC Connection Suspend/Resume

· RRC Connection Reconfiguration

· RRC Connection reestablishment
2 RRC Connection Control

The NB-IoT state model currently defines two states, RRC_IDLE and RRC_CONNECTED (Figure 1)
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Figure 1: Baseline state model for NB-IoT

The RRC CONNECTED state is characterized by an RRC Connection established between the UE and an eNB. The UE’s Uu interface is supervised by the eNB and data can be transmitted and/or received. In RRC IDLE state there is no RRC Connection, the UE’s Uu is not supervised by an eNB and no data transfer occurs.

This state model enables more efficient operation as it allows adaptation of Uu configuration based on deployment, use case, service and traffic characteristics, etc. This is particularly beneficial when more than a single message needs to be signalled and when response signalling is expected, e.g., at attach, for acknowledged delivery, for software transfer, etc. Also many simple/single application/single service devices benefit from having Over-The-Air (OTA) reconfiguration/update possibility. The longer the life time, the more valuable to have reconfiguration/update possibility, OTA software update, etc. Efficient operation is important not only from a capacity point of view but also for battery life.

A configurable Uu also increases versatility of a chipset implementation which contributes to an economic scale.

RRC Connections can also facilitate shielding of EPC from undesired signalling; legitimate as well as malicious. With connection suspend and resume functionality most initial access signalling can be eliminated and since non-initial signalling is ‘authenticated’ by means valid AS security, unauthenticated signalling that the EPC is facing is significantly reduced.

Below follows a discussion of a number of RRC procedures needed to facilitate the state model and operation of the Uu interface. The baseline is LTE RRC procedures. Some adaptations/enhancements are also considered.

2.1 RRC Connection Establishment/Release
Procedures for establishing and releasing an RRC Connection are required to facilitate the state model and the state transitions between RRC_IDLE and RRC_CONNECTED. A procedure for releasing the RRC Connection and transition from RRC_CONNECTED to RRC_IDLE is also needed as a safe guard for handling unexpected errors. 
LTE RRC connection establishment and release procedures are considered the baseline.
Proposal 1 LTE RRC Connection Establishment and RRC Connection Release procedures are supported.
For DoNAS it is suggested that ULInformationTransfer can be multiplexed with RRCConnectionRequest if the granted transport block size permits.
Proposal 2 ULInformationTransfer can be multiplexed with RRCConnectionRequest if the granted transport block size permits.

Connection release can be used to facilitate redirection for load balancing, service differentiation, etc. The need for RRC connection release with redirection was discussed during RAN2#91bis, but no agreement was reached. In case priority based cell re-selection is not supported in NB-IOT there is a need for release with redirection for load control purposes. 
Proposal 3 RRC connection release with RedirectedCarrierInfo to LTE frequencies is supported in NB-IOT. 

For DoNAS it can be considered if it should be possible to release the connection already with msg4 in case no further transmission/reception is expected. It is unclear however how the radio layer can know whether more transmission/reception is expected or not.
2.2 Initial security activation

AS security is essential for ensuring confidentiality of signaling and UP based data and for ensuring integrity of signaling; e.g., measurement reports and redirection information.

Proposal 4 Support for AS security and Initial security activation procedure is required.
2.3 RRC Connection Suspend/Resume
The possibility to suspend an established RRC connection and resume it later from a stored context in UE and eNB significantly reduces signalling over both Uu and S1 interfaces as redoing the steps of NAS service request, acquisition of UE capabilities, Uu configuration, establishment of radio bearers etc. can be avoided. RRC connection suspend and resume functionality is discussed in more detail in [1]. SA2 has concluded that support for RRC connection resume functionality is needed in Rel-13. 

The signalling reduction and efficiency benefits with RRC connection suspend/resume functionality are applicable to LTE in general; not only to NB-IoT or MTC. 

Observation 1 Benefits of RRC connection suspend/resume functionality are applicable to LTE in general.

Proposal 5 LTE RRC Connections can be suspended and resumed.
Similar to connection release (discussed in clause 2.1), connection suspend can be used to facilitate redirection for load balancing, service differentiation, etc. The need for RRC connection release with redirection was discussed during RAN2#91bis, but no agreement was reached. In case priority based cell re-selection is not supported in NB-IOT there is a need for redirection for load control purposes. 

Proposal 6 RRC connection suspend with RedirectedCarrierInfo to LTE frequencies is supported in NB-IOT. 

Considering that AS security and DRB can be resumed based on stored context, DRB can be multiplexed with connection resume request if the granted transport block size permits.

Proposal 7 DRB can be multiplexed with connection resume request if the granted transport block size permits.

It can be considered if it should be possible to suspend the connection already with msg4 in case no further transmission/reception is expected. It is unclear however how the radio layer can know whether more transmission/reception is expected or not.

2.4 RRC Connection Reconfiguration

The need for RRC Connection Reconfiguration was discussed at RAN2#91bis but no conclusion was reached. 

Long-lived connections are an effective means to reduce signaling compared to shorter connections with more frequent state transitions. Reduction is achieved both in terms of signaling towards the EPC and in terms of signaling between UE and eNB; e.g. configuration. Long-lived connections avoids having to repeat configuration and/or having to rely on suboptimal default configuration. 
For very infrequent very short-lived connections there may be limited need for reconfiguration. For long-lived connections, however, reconfiguration support further reduces the signaling overhead since one can avoid sending the UE to IDLE to force establishment of a new connection only to reconfigure it. Without reconfiguration support cycling through IDLE would seem to be the only option. In case reconfiguration is needed in the context of DL data transfer, IDLE mode cycling also delays DL data delivery because of IDLE mode DRX (which for NB-IoT use cases are expected to be very long) and need for paging.

Need for reconfiguration may arise for different reasons, e.g., cell load may have changed, traffic pattern may have changed or UE may have changed cells. In case of cell change (resume and reestablishment cases), the new cell may use a different configuration (e.g., physical layer). Traffic pattern may change due to event, time or other dependencies in services/applications and Uu the configuration (e.g., DRX) may need to be adjusted accordingly.

In case of RRC connection reestablishment, connection reconfiguration is also needed as it is used for triggering resumption of DRBs.

As RRCConnectionSetup includes also dedicated radio resource configuration and there is little or no additional pain for reconfiguration, support for reconfiguration should be maintained.
Proposal 8 RRC Connection Reconfiguration is supported.

2.5 RRC Connection Reestablishment
Without automatic connection reestablishment in L23 a potential reestablishment is left to higher layers. This is likely to involve more signalling, i.e. cause more signalling overhead, and also be less power efficient for the device.

In NB-IoT, network controlled connected mode mobility is not supported. Hence non-stationary UEs may experience radio link problems more frequently. In case reestablishment is not supported this will result in increased signaling due to more frequent IDLE to CONNECTED state transitions. 
Connection reestablishment is also needed for avoiding unnecessary signaling due to temporary problems, e.g., in poor coverage. This affects also stationary UEs. In fact, a stationary UE in poor coverage is likely to have recurring problems.
Proposal 9 RRC Connection Reestablishment is supported.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
LTE RRC Connection Establishment and RRC Connection Release procedures are supported.
Proposal 2
ULInformationTransfer can be multiplexed with RRCConnectionRequest if the granted transport block size permits.
Proposal 3
RRC connection release with RedirectedCarrierInfo to LTE frequencies is supported in NB-IOT.
Proposal 4
Support for AS security and Initial security activation procedure is required.
Proposal 5
LTE RRC Connections can be suspended and resumed.
Proposal 6
RRC connection suspend with RedirectedCarrierInfo to LTE frequencies is supported in NB-IOT.
Proposal 7
DRB can be multiplexed with connection resume request if the granted transport block size permits.
Proposal 8
RRC Connection Reconfiguration is supported.
Proposal 9
RRC Connection Reestablishment is supported.
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