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1 Introduction
At last RAN4#80bis meeting, enhancements to current RLM procedure for NB-IOT was discussed based on contribution in [1, 3, 4]. In this contribution, we also discuss enhanced RLM for NB-IOT and provide our view on the topic.
2 Discussions 
The NB-IOT UEs can operate under different coverage levels which are also known as normal coverage and enhanced coverage. The minimum SNR for which RAN4 requirements apply are -6 dB for normal coverage and -15 dB for enhanced coverage. Enhanced coverage operation is achieved by introducing repetitions in both uplink and downlink channels. The measurement accuracy requirement depends on coverage area. The normal coverage RRM measurement accuracy requirements are a bit tighter than the enhanced coverage measurement accuracy requirements wherein improved measurement techniques are used.  The resources (e.g. repetition level, aggregation level, power boosting level, etc.) are allocated differently for the different coverage modes. In enhanced coverage significantly more resource might be needed in order to support operation down to – 15 dB SNR which is not the case in normal coverage. Therefore the core requirements also depends on the actual coverage area. 

The problem arises when the NRS based measurement which are subject to high-bias are used for evaluating the RLM. The exact accuracy levels have not been settled in RAN4. But the accuracy levels of NRS based measurements are degraded quite a lot compared to e.g. Rel-8 LTE CRS based measurements.
The Qin and Qout SNR thresholds are configured by the network and it will depend on at least following network configured transmission parameters: repetition level (Rmax), aggregation level (Lmax), power boosting (if any), DCI format etc. 
In [1] two new types of events were proposed: event M1 and event M2. Event M1 is triggered when the downlink signal quality falls below a threshold Early_Qout_M1 and event M2 is triggered when the downlink signal quality falls above a threshold Early_Qin_M2. We think such improvements as proposed in [1] might be necessary for also improving the RLM performance of NB-IOT UEs. We also agree that this information can help the network to adapt the transmission parameters accordingly as well as the UE by preventing it from declaring RLF prematurely. 
Our proposal is, however, slightly different from the ones proposed in [1] because in our proposal we would like to differentiate this new event type from the coverage level change signalling. It shall be noted that this new type of events are related to RLM and will depend on the configured Qin and Qout thresholds for evaluating the RLM. The new events could be defined as follows:
· Event M1 which is triggered when UE is ‘X’ dB below Qout threshold 
· Event M2 which is triggered when UE is ‘Y’ dB above the Qin threshold 
where ‘X’ and ‘Y’ are configured by the serving network. But RAN4 should discuss the values of ‘X’ and ‘Y’ can be positive and negative. 
The measurement accuracy requirements specified in [2] are only the minimum requirements. However, many of the UEs might be able to achieve much better measurement performance than the minimum requirements which are typically based on worst case. The achievable measurement accuracy will of course depend on UE implementation. In such cases, reporting the actual margin (‘X’ or ‘Y’) from the Qin or Qout can help the network to adapt its transmission parameters based on the reported information, and not based on worst case/minimum requirements. Similarly, when there are large bias in the measurements, and UE is about to declare RLF from e.g. ‘X’ dB, reporting such events to the network can provide some margin for the network to try to recover the link and keeping it in-sync by e.g. adapting the transmission parameters.  
Moreover, along with the reported measurement event UE could also indicate (e.g. explicit indication of repetition level, aggregation level or implicit indication by reporting an index that corresponds to a set of Rmax and Lmax) of the desired set of transmission parameters. The maximum aggregation level for NB-IOT is fixed and is always 2. Thus, reporting the aggregation level may not be necessary.  
This information can help the serving eNodeB further as it can use this information to select appropriate transmission parameters that work best for this particular UE. It is expected that a combination these new events (Event N1 and Event N2 along with UE indication) can bring significant improvement to the RLM performance of NB-IOT3 UEs. 
Thus, based on the discussions above we make the following proposals:

Proposal: Two new events (Event N1 and Event N2) that are triggered when the UE is ‘X’ dB and ‘Y’ dB from the Qout and Qin thresholds respectively are defined for Rel-14 NB-IOT UEs. The events are reported along with some UE indicated information on desired transmission parameters (e.g. repetition level). 
Unlike eMTC, there is currently no measurement reporting support for NB-IOT. This means that a new signalling is needed to allow the new events to be reported. Therefore an LS needs to be sent to RAN2 to request them to define new signalling for the measurements above. 
Indicating the desired repetition level is only a recommended value from the UE side which are sent together with the event report (Event N1/N2). However, it is up to the serving eNodeB to decide and adapt the transmission parameters.

3 Summary
In this contribution we have discussed enhancements to radio link monitoring procedure for release 14 NB-IOT UEs. Based on the discussions, we have made the following proposals:
Proposal: Two new events (Event N1 and Event N2) that are triggered when the UE is ‘X’ dB and ‘Y’ dB from the Qout and Qin thresholds respectively are defined for Rel-14 NB-IOT UEs. The events are reported along with some UE indicated information on desired transmission parameters (e.g. repetition level). 
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