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1
Introduction
One key objective of the Rel-14 Work Item is on mobility enhancements for eNB-IoT devices:
Mobility and service continuity enhancements

Enhancement(s) to connected mode mobility in order to improve service continuity and avoid NAS recovery for both CP and UP solutions without the increasing of UE power consumption. [RAN2, RAN3, RAN4].

Other than including mobility procedures for CP and UP solution, there is also a need to enhance RLM due to changing of coverage as a result of mobility. In RAN4#82, RAN 4 discussed potential enhancements to the RLM procedures in Rel-14 eNB-IoT/FeMTC and has sent RAN 2 LSs related to this in [1] [2].
In this contribution, it discusses the RAN 2 impact for including the RLM enhancement and reporting for MTC and NB-IoT.
2
Discussion

2.1
RLM enhancement and its RAN 2 impact
When managing UEs in CE, the network’s challenge to efficiently allocate uplink and downlink resources, understanding that there is a trade-off between high latency/low data rate and repetition/coverage levels.  For eNB-IoT UEs discussions have identified alternative traffic models, where the UE is expected to remain in extended coverage operation in connected mode performing uplink, downlink, or bidirectional operation.  Under such conditions, the network is challenged to allocate uplink and downlink resources under slowly varying propagation conditions to the UE.

Hence, RAN 4 has proposed a potential enhancements to the RLM procedures as described in the RAN 4 LS [1] [2] to be applied to both CP and UP solutions in eNB-IoT based on the mobility enhancement work item scope and feMTC:

Two new triggers of events related to RLM are introduced: 
Event # 1: UE reports early Qout, i.e. UE report event Qout offset by X and 

Event # 2: UE reports early Qin, i.e. UE report event Qin offset by Y

Note that X and Y are considered fixed values defined in 36.133 with values and units of X and Y been FFS.
Event #1 can help in preemptively indicate that its coverage level is getting worse and the network can adjust the NPDCCH repetition accordingly to increase the coverage while Event #2 can be defined for UE to pre-emptively indicate that its coverage level is improving. Therefore Event #2 can possibly help save network resources for UEs that are already in good coverage.
Moreover RAN 4 pointed that the Events can include optional information about: excess repetitions of NPDCCH, recommended aggregation level of NPDCCH, and recommended repetition level for NPDCCH. 
The definition of the events and the performing of the measurements are assumed to be defined in RAN 4 specification (e.g. TS 36.133).
Based on this, the RAN 2 impact of the RLM enhancement is as follow:

1. Configuration of the UE for the RLM enhancement
2. How to report the events and the optional information in the reporting?
Based on [1] [2], our understanding is that the same RLM enhancement configuration and reporting mechanism should be used for both feMTC and eNB-IoT.

Proposal#1: The RLM enhancement configuration and reporting mechanism should be aligned for both feMTC and eNB-IoT (minimizing differences unless it were required). 

2.2
Configuration of the UE for the RLM enhancement and reporting

Only Rel-14 UEs supporting the RLM enhancement and reporting are configured with the enhancement. This is done by the normal way of UE providing the UE capability and the eNB configures the UE to perform the RLM enhancement and reporting. Reported event can also include optional information. However, our understanding is that these optional information may or may not be supported by a UE. If so, there is a need to indicate support of each of these information in the capability signalling.
Proposal#2: RLM enhancement and reporting are part of UE capability signalling. Each of the optional information is indicated via capability signalling.
The Rel-14 UEs supporting the RLM enhancement and reporting can be configured either via:

1. Measurement configuration (i.e. measConfig and reporting via Measurement Report)
2. Other configuration (i.e. otherConfig and reporting via UEAssistanceInformation message)
For NB-IoT UE, both configuration approaches are not possible as neither of them are defined as part of legacy RRC messages: RRCConnectionSetup (which is needed for a NB-IoT UE that only supports CP CIoT EPS Optimisation as this UE does not support RRCConnectionReconfiguration message), RRCConnectionResume or RRCConnectionReconfiguration messages. Also in both configurations, a NB-IoT UE is not supposed to send Measurement Report and UEAssistanceInformation when AS security is not activated. Hence, to use either of the configuration approach, there is a need to include measConfig/otherConfig in the NB-IOT messages (it is slightly less of an issue for eMTC case as measConfig is already in RRCConnectionResume and measConfig/otherConfig is already in RRCConnectionReconfiguration) and also to allow Measurement Report or UEAssistanceInformation to be sent by the UE even when AS security is not activated for the UE configured only with CP CIoT EPS Optimisation.
On the other hand, we see one advantage of Approach 2 (i.e. using otherConfig), it is a simple configuration that can be used as we do not see the need of configuring the measObject (i.e. the primary serving frequency) and reportingCriteria (for each of the events) for the RLM reporting. Thus we have a slight preference to use Approach 2 for the RLM reporting.

Proposal#3: UE supporting RLM enhancement and reporting is configured to perform RLM enhancement and reporting via otherConfig for both feMTC and NB-IoT. For NB-IOT, the otherConfig IE has to also be included in RRCConnectionSetup-NB, RRCConnectionResume-NB and RRCConnectionReconfiguration-NB. For eMTC, it has to be included in RRCConnectionResume.
2.3
Reporting of the events and the optional information

When the event occurs, the UE needs to report the occurrence of the event to the eNB so that it can use the appropriate N-PDCCH Rmax and ensure reliable radio link quality. As mentioned in Section 2.2, the existing RRC message UEAssistanceInformation can be used for the RLM reporting. It is to note that a NB-IoT UE that only supports CP CIoT EPS Optimisation would sent this message without AS security.
Hence, it is proposed that:

Proposal#4: The event reporting for RLM enhancement is performed via RRC UEAssistanceInformation message for both feMTC and NB-IoT. 

For CP solution, the UE capability will be known before RRRCConnectionSetup message is sent. It is possible that such RLM reporting can be reported in the RRCConnectionSetupComplete message. In the case of UP solution, the RLM reporting can also be reported in the RRCConnectionResumeComplete message. In both cases, it can save on the UE having to send a separate message in UEAssistanceInformation message.
Proposal#5: Discuss whether the RLM event can be sent in the RRCConnectionSetupComplete in the case of CP solution and RRCConnectionResumeComplete in the UP solution.  

The CRs for Proposals #2 to #4 are in [3] for NB-IoT and [4] for eMTC. 
3
Conclusions

It is requested that RAN 2 discuss and agreed on the following proposals:
Proposal#1: The RLM enhancement configuration and reporting mechanism should be aligned for both feMTC and eNB-IoT (minimizing differences unless it were required). 

Proposal#2: RLM enhancement and reporting are part of UE capability signalling. Each of the optional information is indicated via capability signalling.

Proposal#3: UE supporting RLM enhancement and reporting is configured to perform RLM enhancement and reporting via otherConfig for both feMTC and NB-IoT. For NB-IOT, the otherConfig IE has to also be included in RRCConnectionSetup-NB, RRCConnectionResume-NB and RRCConnectionReconfiguration-NB. For eMTC, it has to be included in RRCConnectionResume.

Proposal#4: The event reporting for RLM enhancement is performed via RRC UEAssistanceInformation message for both feMTC and NB-IoT. 

Proposal#5: Discuss whether the RLM event can be sent in the RRCConnectionSetupComplete in the case of CP solution and RRCConnectionResumeComplete in the UP solution.  
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