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1 Introduction
Radio link monitoring procedure for NB-IOT have been discussed in RAN4 for the last few meetings, and the simulation assumptions were agreed in [1], and a way forward was also agreed in[2] at last RAN4 #78bis meeting. One of the open issues in the way forward document that was agreed is as FFS is whether to specify different RLM requirements for the different coverage modes:
	· RAN4 is to study whether to specify different RLM requirements for different coverage modes.


In this contribution we provide our view on this topic. 
2 Discussions 
Radio link monitoring performance will depend on several factors, two of the important factors that may affect RLM are coverage mode (UE operating SNR) and the deployment mode. In our companion paper [4], we discuss the relation between the requirements and the coverage mode.  In this paper, we focus on the latter which is the relation between the requirements and the deployment mode. We discuss this by taking a closer look at the NPDCCH design. 

RLM performance will depend on NPDCCH control channel performance. The RAN1 design of NPDCCH clearly distinguishes between the different deployment modes which are explain in detail below.
One main difference is the coding rate for NPDCCH. Unlike legacy LTE ECCE or CCE, the narrowband physical control channel is transmitted on an aggregation of one or two consecutive narrowband control channel elements (NCCES). Each NCCE occupies 6 consecutive subcarriers in subframe. More specifically, NCCE #0 is transmitted on subcarriers 0 through 5 while NCCE #1 is transmitted on subcarriers 6 through 11. The difference is that the starting OFDM symbol for NPDCCH channel depends on the deployment mode. Following RAN1 agreement can be found in [3]:
	The starting OFDM symbol for NPDCCH given by index [image: image1.png]N —



 in the first slot in a subframe [image: image2.png]


 and is determined as follows

-     if higher layer      parameter NBIoT-Operation-mode indicates ‘guardband’, or ‘standalone’ 
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According to RAN1 design above, the starting OFDM symbol is 0 for guard-band and standalone deployed NB-IOT while it depends on the legacy LTE control region for in-band operation. The location of starting OFDM symbol is expected to have an impact on the number OFDM symbols that can be used for transmitting NPDDCH. Moreover some resource elements in the in-band operation are occupied with LTE CRS. This may in turn result in that the coding rate of NPDCCH will depend on the operational mode.
If we assume to transmit the same DCI format (e.g., format N1 used for RLM assumption), it is expected that the coding rate of NPDCCH in the stand-alone/guard-band operation is lower than in-band operation. This means the required SNR for stand-alone/guard-band operations is lower than that for in-band operation to achieve a certain block error rate, e.g., 10% or 2%.

On the other hand, the number of NRS samples is same for in-band and stand-alone/guard-band. If Qin/Qout decision is made based on NRS measurement, we expect the Qin/Qout threshold for stand-alone/guard-band is lower than in-band operation. Therefore we think RLM requirement should be different between stand-alone/guard-band and in-band operation.   
Modification of T310 timer value:

Two BLER targets, namely Qin and Qout are used in the RLM procedure. Qout corresponds to a 10% hypothetical BLER and Qin corresponds to 2% hypothetical BLER of NPDCCH channel. These thresholds are used to determine whether the UE is in-sync or out-of-sync with respect to the serving cell. UE starts the radio link failure timer T310 when N310 consecutive out-of-sync indications are reached, and this timer is stopped when N311 consecutive in-sync indications are reached. Upon expiry of of the T310 timer, UE declares radio link failure (RLF) and turns off the transmitter. 

The possible configurable values for this parameter are:
· t310

ENUMERATED {ms0, ms50, ms100, ms200, ms500, ms1000, ms2000},
The maximum possible configurable value for this timer is 2000 ms. For extended coverage, it is expected that the evaluation time for in-sync and out-of-sync can be much larger than this value. It can be noted that for eMTC enhanced coverage operation, the evaluation time for in-sync is 2000 ms and for out of sync is 4000 ms. NB-IoT evaluation time are expected to be in similar range. Therefore the possible configurable values for T310 timer should be extended to support enhanced coverage.

In brief, it has been observed that some of the physical design parameters of NPDCCH are different for the different deployment modes. This is expected to result in difference performance for the different deployment mode.

Based on the discussions above, we make the following proposals:

· Proposal #1: RAN4 is to specify different RLM requirements based on simulation results for the different deployment modes. 
· Proposal #2: RAN4 is to send LS to RAN2 asking them to extend the possible configurable values for T310 timer for NB-IoT UE operation. 
3 Summary 
In this contribution we discussed the RLM based on the way forward from last meeting. We have identified that some of the physical layer design of NPDCCH will depend on the deployment mode. This is expected to have some impact on the achievable RLM performance. Based on the discussions we have made the following proposals:
· Proposal #1: RAN4 is to specify different RLM requirements based on simulation results for the different deployment modes. 

· Proposal #2: RAN4 is to send LS to RAN2 asking them to extend the possible configurable values for T310 timer for NB-IoT UE operation. 
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