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1 Introduction
Rel-13 WI on further MTC enhancements [1] has been discussed in several RAN4 meetings, and the focus is on the RRM measurement performance, and the corresponding implications to RAN1 and RAN2 design.

In last meeting, RAN4 has studied RRM measurement accuracy under enhanced coverage using different techniques to further improve the accuracy. Based on the simulation results in [2], RAN4 reached the conclusions regarding the RRM measurement for Rel-13 low complexity UEs as captured in [3]. 
In this paper, based on our simulation results in [4-5] we will discuss how to define the measurement performance requirements for enhanced coverage.
2 Discussion

Measurement technique

From a comparison between the perfromacne with Rel-8 measurement technique [5] and coherent combining technique [4], our results show that coherent averaging of  CRS REs among two consecutive subframes (in total 96 REs) can help the accuracy a lot in low SINR, due to the suppression of noise which is the limiting factor of the achievable performance. 
However, the same comparison also shows that coherent combining techinique gives much worse performance than Rel-8 meausrement technique in normal SINR and varying channel like ETU, or EVA with normal mobility, as the channel itself is averaged out.

It is desirable to define the performance requirements based on the measurement technique that can provide best performance, but this will assume/require UE to be able to adjust the measurement technique according to the radio condition it is in (e.g. reduce the length of coherent averaging when SINR increases). In our view, there could be a chicken-egg problem, as UE can judge its radio condition only when it has a measurement.
Observation 1: It is not clear if UE can adjust the measurement technique according to its radio condition, and whether this can be assumed in the performance specification. 

Measurement period

One of considerations in defining performance requirements for enhanced coverage is the power saving in terms of reduced measurement activity. Similarly, in Rel-12 Cat-0 requirements are defined as 400ms assuming 80ms sampling interval. We think the the same assumption should be re-used in Rel-13.
Our results in [4] show that doubling the number of measurement samples from 5 to 10 can give around 3dB better accuracy in low SINR range. As the UE in enhanced coverage is most likely to be in low mobility, while on the other hand the measurement accuracy is important for PRACH coverage enhancement level selection or cell (re)selection, we think measurement period can be relaxed as a tradeoff for better accuracy performance. 
Proposal 1: Measurement period for UE in enhanced coverage is doubled compared to Cat-0 UE requirements, and the sampling interval is assumed as 80ms. 

Measurement Accuracy

Based on the observation on simulation results from companies [2], current accuracy requirement can be met when SINR level is below current side condition of -6dB but above a certain threshold, if the right measurement technique is used. A tentative common observation of the threshold is -12dB, but we are open to discuss the exact value. Given this observation, we think it is straightforward to re-use the current accuracy requirement for enhanced coverage but with SINR side condition extended from -6dB to [-12]dB. 

From the simulation results, performance with SINR<[-12]dB can also be collected; however, the implication of relaxed accuracy has not been evaluated in RAN4 or other WGs. For example, cell (re)selection is assumed to work well under current accuracy reuqirement, but it is not clear if this basic mobility process can work with a relaxed accuracy level. Another example is UE’s determination of its covergage enhancement level, and it’s not clear to what extent the reliability would degrade and what the consequence with a relaxed accuracy level is. Therefore, we think the implications of defining relaxed accuracy requirements for SINR<[-12]dB is still unclear.
Proposal 2: Re-use the current accuracy requirement of Cat-0 for enhanced coverage with SINR side condition extended to [-12]dB. 
Observation 2: The implications of defining relaxed accuracy requirements for SINR<[-12]dB is still unclear.
Accuracy performance for different Rx numbers (1Rx and 2Rx) is also simulated [4]. Although in our results some gain can be observed with 2Rx over 1Rx, we noticed that some other companies found similar performance with 2 or 1Rx. Also, in our understanding network is not expected to configure different maximum coverage enhancement levels for 2Rx and 1Rx UE, so there seems no need to define separate accuracy requirements for 2Rx and 1Rx. Since 1Rx performance is expected to be worse than 2Rx, the reuqirments should be based on simulation results for 1Rx.
Proposal 3: Define one set of accuracy requirements for 2Rx and 1Rx based on 1Rx simulation results. 

Accuracy performance for different mobility levels (low mobility AWGN/EPA1/ETU1 and normal mobility EPA5/ETU70) is also simulated [4]. Our results show similar performance in low and normal mobility channels if right measurement technique is used. Also, in real world UE cannot tell if it’s with low or normal mobility channel. Therefore, we do not see a need to define separate accuracy requirements for low and normal mobility channels. Since low mobility is the typical user scenario for enhanced coverage, the reuqirments should be based on simulation results for low mobility.

Proposal 4: Define one set of accuracy requirements for low and normal mobility channels based on low mobility simulation results. 
3 Conclusions 

In this paper, based on the performance evaluation work done by RAN4 in the previous meetings, we provided our views on how to define the measurement performance requirements in the 36.133 specification for enhanced coverage. We discussed the assumption for measurement techinique, and also the principle for measurement period and measurement accuracy. 
Specifically, we have the following observations and proposals.

Observation 1: It is not clear if UE can adjust the measurement technique according to its radio condition, and whether this can be assumed in the performance specification. 

Proposal 1: Measurement period for UE in enhanced coverage is doubled compared to Cat-0 UE requirements, and the sampling interval is assumed as 80ms. 

Proposal 2: Re-use the current accuracy requirement of Cat-0 for enhanced coverage with SINR side condition extended to [-12]dB. 

Observation 2: The implications of defining relaxed accuracy requirements for SINR<[-12]dB is still unclear.
Proposal 3: Define one set of accuracy requirements for 2Rx and 1Rx based on 1Rx simulation results. 

Proposal 4: Define one set of accuracy requirements for low and normal mobility channels based on low mobility simulation results. 
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