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1 Introduction

In previous RAN4 meetings, the work item “Low cost & enhanced coverage MTC UE for LTE” was discussed. And a way forward [1] was agreed to use the longer measurement period (e.g. 400ms) for LC-MTC. But the measurement sampling rate needs to be further investigated since the denser sampling rate (e.g. 10samples/400ms) may potentially avoid RSRP/RSRQ performance requirements relax for LC-MTC [1]. 
Therefore this contribution, the link level simulation results for RSRP and RSRQ of LC-MTC with the following two measurement sampling rates are provided.
· 5 samples / 400ms

· 10 samples / 400ms

2 Simulation Assumptions

The proposed simulation assumptions for studying the intra-frequency RSRP/RSRQ performance for low-cost MTC with 1 RX are based on earlier RAN4 work in Rel-8, with the only difference in the number of receivers at the UE.

Table 1: Simulation parameters for RSRP/RSRQ measurement accuracy studies [2]
	Parameters
	Value
	Comments

	Frame structure type
	1
	FDD

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	400 ms
	

	Measurement sampling rate
	5sampels, 10samples
	Implementation dependent (NOTE 1)

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1
	

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency: ETU and EPA
	70 Hz and 5 Hz
	

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-6 dB for RSRP

-3 dB for RSRQ
	AWGN noise 

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results


3 Simulation Results

The simulation results of RSRP/RSRQ measurement accuracy for low cost MTC with 1Rx at the reference SNR points (e.g. -6dB for RSRP, -3dB for RSRQ) are given below. 
Table 1. Simulation results of RSRP measurement

	Measurement sampling rate
	Propagation
	SNR(dB)
	50%
	
	5%
	95%
	Absolute accuracy(dB)
	Relative accuracy(dB)

	5samples

/200ms
	AWGN
	-6
	-0.41
	
	-1.48
	0.6
	[-1.48,0.6]
	[-1.07,1.01]

	
	EPA5
	-6
	-0.28
	
	-1.44
	1.04
	[-1.44,1.04]
	[-1.16,1.32]

	
	ETU70
	-6
	-1.32
	
	-2.51
	-0.01
	[-2.51,-0.01]
	[-1.19,1.31]

	5samples

/400ms
	AWGN
	-6
	-0.37
	
	-1.48
	0.65
	[-1.48,0.65]
	[-1.11,1.02]

	
	EPA5
	-6
	-0.27
	
	-1.44
	1.02
	[-1.44,1.02]
	[-1.16,1.30]

	
	ETU70
	-6
	-1.33
	
	-2.57
	0.03
	[-2.57,0.03]
	[-1.24,1.36]

	10samples

/400ms
	AWGN
	-6
	-0.37
	
	-1.0
	0.25
	[-1.0,0.25]
	[-0.63,0.62]

	
	EPA5
	-6
	-0.29
	
	-1.0
	0.52
	[-1.0,0.52]
	[-0.71,0.81]

	
	ETU70
	-6
	-1.33
	
	-2.0
	-0.45
	[-2.0,-0.45]
	[-0.67,0.88]


Table 2 Simulation results of RSRQ measurement

	Measurement sampling rate
	Propagation
	SNR(dB)
	50%
	
	5%
	95%
	Absolute accuracy(dB)
	Relative accuracy(dB)

	5samples

/200ms
	AWGN
	-3
	-0.19
	
	-0.97
	0.58
	[-0.97,0.58]
	[-0.78,0.77]

	
	EPA5
	-3
	-0.14
	
	-0.97
	0.78
	[-0.97,0.78]
	[-0.83,0.92]

	
	ETU70
	-3
	-0.93
	
	-1.85
	0.1
	[-1.85,0.1]
	[-0.92,1.03]

	5samples

/400ms
	AWGN
	-3
	-0.19
	
	-0.95
	0.52
	[-0.95,0.52]
	[-0.76,0.71]

	
	EPA5
	-3
	-0.17
	
	-1.0
	0.79
	[-1.0,0.79]
	[-0.83,0.96]

	
	ETU70
	-3
	-0.94
	
	-1.83
	0.11
	[-1.83,0.11]
	[-0.89,1.05]

	10samples

/400ms
	AWGN
	-3
	-0.19
	
	-0.68
	0.27
	[-0.68,0.27]
	[-0.49,0.46]

	
	EPA5
	-3
	-0.15
	
	-0.69
	0.39
	[-0.69,0.39]
	[-0.54,0.54]

	
	ETU70
	-3
	-0.91
	
	-1.57
	-0.29
	[-1.57,-0.29]
	[-0.66,0.62]


Observation 1: The measurement performance with 10samples/400ms measurement sampling rate is about 0.5dB better than these with 5samples/400ms. Therefore for LC-MTC neither of these two measurement sampling rates (10samples/400ms and 5samples/400ms) can completely compensate the RRM performance degradation due to 1Rx which is about 1dB [1]. That is RSRP/RSRQ measurement requirements of LC-MTC with 1Rx are still need about 0.5dB relax even with 10samples/400ms measurement sampling rate.

On the other hand, the power consumption is very critical for LC-MTC. If the measurement sampling rate is doubled from 5samples/400ms to 10samples/400ms, the power consumption of measurement will be increased significantly especially in RRC IDLE state. Thus from the implementation perspective, measurement sampling rate of 5samples/400ms is suggested as the baseline assumption for LC-MTC RSRP and RSRQ measurement.   

Proposal 1: For LC-MTC, the measurement sampling rates of either 10samples/400ms or 5samples/400ms cannot compensate RRM performance degradation due to 1Rx. On the contrary, 10samples/400ms measurement sampling rate will increase power consumption of LC-MTC UE significantly. Therefore 5samples/400ms measurement sampling rate is more preferable. 
Observation 2: For low cost MTC with 1Rx and 400ms measurement period assumption, it is also easy to satisfy the current RSRP and RSRQ measurement accuracy requirements for 2Rx cases[4] with additional [1]dB relaxation. For instance, in case of AWGN the simulation results of RSRP absolute and relative accuracy at -6dB reference point are [-1.48,0.6]dB and [-0.78,0.77]dB respectively which are much less than the requirements in [4] (e.g. (6dB for absolute accuracy and (3dB for relative accuracy when Ês/Iot > -6dB for normal condition ).
Proposal 2: To simplify RAN4 testing, the current RSRP and RSRQ requirements in [4] is feasible for LC-MTC with [1]dB relaxation. 

4 Conclusion
In this contribution, we present the link level simulation results of RSRP/RSRQ under low cost MTC with 10samples/400ms and 5samples/400ms measurement sampling rates.  

According to the simulation results and observations we have the following proposal:
Proposal 1: For LC-MTC, the measurement sampling rates of either 10samples/400ms or 5samples/400ms cannot compensate RRM performance degradation due to 1Rx. On the contrary, 10samples/400ms measurement sampling rate will increase power consumption of LC-MTC UE significantly. Therefore 5samples/400ms measurement sampling rate is more preferable. 
Proposal 2: To simplify RAN4 testing, the current RSRP and RSRQ requirements in [4] is feasible for LC-MTC with [1]dB relaxation. 
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