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1 Introduction
For UEs in enhanced coverage, it has been agreed that multiple coverage levels (e.g., 3 coverage levels corresponding to 5/10/15 dB coverage enhancement respectively) can be supported. However, how the UE and the eNB determine the required coverage enhancement level is FFS. One approach is based on RSRP measurement, but the RSRP measurement in low SNR region may not be accurate.
In this contribution, we firstly evaluate the RSRP measurement performance using CRS. Then we propose an enhanced RSRP measurement scheme for UEs in enhanced coverage.  
2 Discussion

It has been agreed in RAN1 #79 meeting that the target MCL is 155.7 dB, which corresponds to SNR=-14.3 dB for PDSCH for FDD according to TR36.888. Therefore, in order to evaluate the RRM measurement performance, in the simulation we set SNR= -15dB. Furthermore, SNR=-20dB is also tested.   

First of all, we evaluate the RSRP measurement performance using CRS. Note that 100 measurement samples are averaged for every measurement and the detailed simulation assumptions are listed in Table 1 in the Appendix. Figure 1 shows the simulation results. It can be seen that for SNR=-15dB, the RSRP measurement error is around 7.5dB. For SNR=-20dB, the RSRP measurement error is around 12.5 dB. For 15 dB coverage enhancement, the coverage enhancement granularity for 3 coverage levels is 5dB; therefore such large measurement errors mean that the UE and the eNB can’t rely on the RSRP measurement to select the correct enhanced coverage level. So, based on the simulation result, it can be observed that CRS based RSRP measurement is not sufficient for UEs in enhanced coverage. 
Observation 1: CRS based RSRP measurement is not sufficient for UEs in enhanced coverage.
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Figure 1: RSRP measurement performance of CRS for CE UE

In order to enhance the measurement accuracy, a much longer and denser reference signals can be considered. For example, if all the REs in the 6 PRBs in one subframe are used for the reference signal, the length of this signal is 1008 (6*12*14). Since much more REs can be used, much better measurement performance than that of CRS can be expected. In order to control the overhead of the reference signals, longer measurement period (e.g. 200ms) can be configured. 

We further evaluate the RSRP measurement performance of the proposed measurement reference signal, RSRP measurement is based single reference signal occasion and the detailed simulation assumptions are listed in Table 2 in the Appendix. As shown in figure 2, it can be seen that for SNR=-15dB, the RSRP measurement error is basically within 
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2.5 dB. For SNR=-20dB, the RSRP measurement error is basically within 
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5 dB. Therefore, the RSRP measurement performance of the proposed measurement reference signal can fulfill the requirement of UEs in enhanced coverage. So, we propose that a longer and denser reference signal shall be considered as the measurement reference signal for UEs in enhanced coverage.
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Figure 2: RSRP measurement performance of the proposed RS for CE UE

Proposal 1: A longer and denser reference signal shall be considered as the measurement reference signal for UEs in enhanced coverage.
3 Conclusions

In this contribution, we evaluate the RSRP measurement performance of CRS and a proposed measurement reference signal for UEs in enhanced coverage.  Based on the simulation results, we have the following observation and proposal.
Observation 1: CRS based RSRP measurement is not sufficient for UEs in enhanced coverage.

Proposal 1: A longer and denser reference signal shall be considered as the measurement reference signal for UEs in enhanced coverage.
4 Appendix
Table 1: Link level simulation assumptions for RSRP measurement using CRS
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 RB
	

	Minimum RSRP L1 measurement period
	2000ms
	

	Measurement samples (in time) per gap
	1
	1 ms sample per gap

	Measurement samples interval
	20 ms
	

	Transmit antenna
	1
	

	Receive antennas
	1
	

	Channel
	AWGN
	


Table 2: Link level simulation assumptions for RSRP measurement using enhanced reference signal
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 RB
	

	Minimum RSRP L1 measurement period
	200ms
	

	Measurement samples (in time) per gap
	1
	1 ms sample per gap

	Measurement samples interval
	200 ms
	

	Transmit antenna
	1
	

	Receive antennas
	1
	

	Channel
	AWGN
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