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1 Introduction

LC-MTC UE RSRP/RSRQ requirements were investigated in previous meetings (e.g., [1-8]). In RAN4 #71 RRM AH, the simulation was focused on the comparison of 1 sample/80ms for 400ms with 1 sample/40ms for 200ms. Based on the simulation results, a WF was agreed that 
	Items 
	Relaxation from R8 accuracy requirements for 1 sample/[80]ms  for [400]ms measurement period  (see Note 1) 

	Absolute RSRP for Ec/Iot ≥ -6dB 
	[1]dB 

	Absolute RSRP for Ec/Iot ≥ -6dB Min Io =-70dBm/BWchannel and Max Io=-50dBm/BWchannel 
	[1]dB 

	Relative RSRP for Ec/Iot ≥ -3dB 
	[1]dB 

	Relative RSRP for Ec/Iot ≥ -6dB 
	[1]dB 

	Absolute RSRQ for Ec/Iot ≥ -3dB 
	[1]dB 

	Absolute RSRQ for Ec/Iot ≥ -6dB 
	[1]dB 


Note 1: Companies are encouraged to evaluate the option to have 1 sample/40ms for [400]ms to check whether the relaxation in the table above is needed. 

As shown in the WF, due to the fact that option of 1 sample/40ms for 400ms was not evaluated in previous meetings, a note was include the WF to encourage the companies to evaluate it to see if above 1dB relaxation is indeed needed. In this paper, we provide the simulation results for 1 sample/40ms with the measurement period of  400ms.
2 Simulation Assumptions

The simulation assumptions in this paper were defined in the following table as agreed in previous simulations [2].
Table 1: Simulation parameters for RSRP/RSRQ measurement accuracy studies

	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
	

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1  or 2
	

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

	Propagation conditions
	AWGN, ETU70 and EPA5
	

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	[-6, -3, 0] dB
	AWGN noise 


In this paper, the focus is to compare the difference in RSRP/RSRQ measurement accuracies between 
· (legacy UE) RSRP/RSRQ link simulation results for 2 Rx over L1 measurement period = 200 ms with measurement sampling rate = 1 sample / 40 ms, and 
· (LTC UE) RSRP/RSRQ link simulation results for 1 Rx over L1 measurement period = 400 ms with measurement sampling rate = 1 sample / 40 ms
3 Simulation Results
3.1 RSRP simulation results
In [11], the absolute RSRP simulation results for AWGN, EPA5 and ETU70 for legacy UE with 2Rx, FDD, 200ms, 1 sample/40ms were provided in Table 1 of [11]. For easy comparison, the results in Table 1 of [11] are copied as follows.
Table  1.  Absolute RSRP Accuracy (2Rx, FDD, 200ms, 1 sample/40ms)
	Propagation 
Model
	Ec/Iot 
(dB)
	5%
	50%
	95%
	95%-5%
	Absolute RSRP

	AWGN
	-6
	-0.38
	0.54
	1.26
	1.64
	1.26

	
	-3
	-0.23
	0.36
	0.92
	1.16
	0.92

	
	0
	-0.24
	0.21
	0.64
	0.89
	0.64

	ETU70
	-6
	-0.36
	0.52
	1.26
	1.62
	1.26

	
	-3
	-0.29
	0.32
	0.91
	1.20
	0.91

	
	0
	-0.21
	0.22
	0.62
	0.83
	0.62

	EPA5
	-6
	-0.41
	0.49
	1.26
	1.67
	1.26

	
	-3
	-0.23
	0.35
	0.92
	1.15
	0.92

	
	0
	-0.22
	0.21
	0.63
	0.85
	0.63


In the following Table 2, the absolute RSRP simulation results for AWGN, EPA5 and ETU70 with (1Rx, FDD, 400ms, 1 sample/40ms) are provided, as well as the differences between the results in Table 1 and Table 2.  

Table  2.  Absolute RSRP Accuracy (1Rx, FDD, 400ms, 1 sample/40ms)

	Propagation 
Model
	Ec/Iot 
(dB)
	5%
	50%
	95%
	95%-5%
	Absolute RSRP
	Differences between 
Table 1 and Table 2

	AWGN
	-6
	-0.49
	0.11
	0.66
	1.15
	0.66
	-0.60

	
	-3
	-0.38
	0.05
	0.43
	0.80
	0.43
	-0.50

	
	0
	-0.29
	0.03
	0.33
	0.62
	0.33
	-0.31

	ETU70
	-6
	-0.70
	0.30
	1.93
	2.63
	1.93
	0.67

	
	-3
	-0.43
	0.18
	1.20
	1.63
	1.20
	0.29

	
	0
	-0.47
	0.09
	0.78
	1.25
	0.78
	0.16

	EPA5
	-6
	-0.52
	0.25
	1.86
	2.38
	1.86
	0.61

	
	-3
	-0.38
	0.16
	1.23
	1.61
	1.23
	0.31

	
	0
	-0.37
	0.07
	0.78
	1.14
	0.78
	0.15


3.2 RSRQ simulation results
Table 3 shows the absolute RSRQ simulation results for AWGN, EPA5 and ETU70 with two receiving antennas (copied from Table 5 in [11]).
Table 3.  Absolute RSRQ Accuracy (2Rx, FDD, 200ms, 1 sample/40ms)

	Propagation 
Model
	Ec/Iot 
(dB)
	5%
	50%
	95%
	95%-5%
	Absolute RSRP2

	AWGN
	-6
	-0.66
	0.24
	1.41
	2.08
	1.41

	
	-3
	-0.55
	0.17
	0.92
	1.47
	0.92

	
	0
	-0.52
	0.05
	0.70
	1.22
	0.70

	ETU70
	-6
	-0.66
	0.32
	2.06
	2.72
	2.06

	
	-3
	-0.72
	0.12
	1.26
	1.98
	1.26

	
	0
	-0.55
	0.07
	0.78
	1.33
	0.78

	EPA5
	-6
	-0.66
	0.24
	1.49
	2.15
	1.49

	
	-3
	-0.56
	0.15
	1.01
	1.56
	1.01

	
	0
	-0.49
	0.06
	0.66
	1.15
	0.66


Table 4 presents the absolute RSRQ simulation results for AWGN, EPA5 and ETU70 with one receiving antenna, as well as the differences between the results of Table 3 and Table 4.  

Table  4.  Absolute RSRQ Accuracy (1Rx, FDD, 400ms, 1 sample/40ms)
	Propogation 
Model
	Ec/Iot 
(dB)
	5%
	50%
	95%
	95%-5%
	Absolute RSRP2
	Differences between 
Table 3 and Table 4

	AWGN
	-6
	-0.45
	0.11
	0.63
	1.08
	0.63
	-0.79

	
	-3
	-0.38
	0.04
	0.41
	0.79
	0.41
	-0.51

	
	0
	-0.30
	0.01
	0.30
	0.60
	0.30
	-0.40

	ETU70
	-6
	-0.50
	0.28
	1.76
	2.27
	1.76
	-0.30

	
	-3
	-0.44
	0.14
	1.21
	1.65
	1.21
	-0.05

	
	0
	-0.41
	0.09
	0.86
	1.27
	0.86
	0.09

	EPA5
	-6
	-0.49
	0.37
	2.04
	2.53
	2.04
	0.55

	
	-3
	-0.42
	0.19
	1.45
	1.88
	1.45
	0.44

	
	0
	-0.36
	0.08
	0.95
	1.31
	0.95
	0.29


4 Summary 

This paper showed that the RSRP and RSRQ simulation results for (2Rx, 200ms, 1 sample/40ms) and (1Rx, 400ms, 1 sample/40ms). The simulation results are actually very close. The differences are normally smaller than 0.5dB even under the fading channels. If the conclusion is confirmed by the simulation results from other companies, there will  indeed no need to relax the RSRP/RSRQ accuracy requirements for LC-MTC UE due to 1Rx, if the measurement interval is double from 200ms to 400ms with the sampling rate of 1sample/40ms.
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