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1 Introduction
In eMTC/FeMTC the UE receives MPDCCH over narrow band (i.e. 6 RBs). Therefore the CRS based signal quality for RLM should also be evaluated by the UE within the narrow band of MPDCCH. Currently this is not clearly stated in the RLM requirements for UE category M1. In this paper we address this issue and suggest that this should be clarified in TS 36.133.
2 Signal Quality Estimation for RLM in eMTC/FeMTC
Section 7.19 defines the RLM requirements for UE category M1. For all the duplex modes the requirement for estimating the signal quality is specified in corresponding sub-clauses of 7.19 as follows:
The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout_Cat M1 and Qin_Cat M1 for the purpose of monitoring downlink radio link quality of the PCell.

The above sentence does not specify the part of cell bandwidth over which the UE shall estimate the signal quality for RLM purpose (OOS and IS detections).

Typically UE category M1 will operate in a cell with bandwidth larger than 1.4 MHz e.g. 10 MHz and as large as 20 MHz. But UE category M1 uses MPDCCH bandwidth of 6 RBs. The MPDCCH hypothetical BLER is determined by the UE based on the estimated signal quality. The UE should therefore estimate the signal quality based on the CRS over the same BW where the UE is configured with MPDCCH. Otherwise there is risk that the UE may estimate the CRS based quality in some other part of the of bandwidth e.g. in central 6 RBs regardless of the bandwidth of the MPDCCH UE-specific search space. The UE typically uses central 6 RBs within a cell for RRM measurements or at least the UE is allowed to use 6 RBs for the measurements. 
The UE can also be configured with frequency hopping on MPDCCH. Also in this case the UE should estimate the UE should estimate the signal quality over the current bandwidth of the MPDCCH UE-specific search space.

The discrepancy between the bandwidth used for signal quality estimation and bandwidth of the MPDCCH UE-specific search space can severely degrade the RLM performance especially if the cell BW is large. The UE determines the MPDCCH UE-specific search space according to the rules defined in section 9.1.5 of TS 36.213. 

We therefore suggest that the UE behaviour regarding estimation of signal quality for RLM is clarified for UE category M1 to ensure that the UE always estimate the signal quality within the BW of MPDCCH.
· Proposal #1: Clarify in TS 36.133 that the downlink radio link quality shall be estimated by the UE based on the cell-specific reference signal transmitted within the bandwidth of MPDCCH UE-specific search space regardless of whether MPDCCH frequency hopping is enabled or not.
· Proposal #2: The above UE behaviour applied to both UE category M1 and UE category M2. 
3 Summary
In this paper we have identified that it is unclear whether the UE estimates the signal quality for RLM for UE category M1 within or outside the bandwidth of MPDCCH.  To avoid incorrection detection of out of sync and in sync it is important to clarify the UE behaviour in TS 36.133. The following are the main proposals:
· Proposal #1: Clarify in TS 36.133 that the downlink radio link quality shall be estimated by the UE based on the cell-specific reference signal transmitted within the bandwidth of MPDCCH UE-specific search space regardless of whether MPDCCH frequency hopping is enabled or not.

· Proposal #2: The above UE behaviour applied to both UE category M1 and UE category M2. 
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