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1 Introduction
The Rel-13 WI on further MTC enhancements [1] is currently under investigation in RAN1. On RRM measurement, two LSs were sent by RAN1#80 meeting [2][3].
In [2], RAN1 is asking 
RAN4 to provide feedback on RSRP and RSRQ measurement performance for Rel-13 low complexity UEs in normal coverage and enhanced coverage. 
In this paper, we will provide initial link level simulation results for the RRM measurement in enhanced coverage.  
2 Discussion
2.1 Simulation assumptions 
This is the first time the WI is discussed in RAN4 RRM/Demod session, and there is no agreed simulation assumptions to evaluate the performance of RRM measurement in enhanced coverage. 
The worst case for the RRM measurement is when 1 Rx is used and with the maximum MCL of 155.7dB. In [4] we derive the SNR condition for serving cell measurement as -14.2dB with 15dB coverage enhancement. The SNR side condition may be even worse considering the neighbor cell measurement, but as it has not been discussed in RAN4 we will focus on serving cell measurement in this paper.
We also simulate the -9.2dB SNR condition which corresponds to 10dB coverage enhancement, and -6/-3dB which are used as side conditions fro current requirements for reference. The sampling period is 80ms as for Cat-0 UE in Rel-12, and the measurement period is 400ms as baseline. In addition, considering that extending the measurement period is the most straightforward way to improve the accuracy, we also simulate measurement period of 800ms and 1600ms while keeping the same sampling rate.
For other parameter settings, we are re-using the agreed simulation assumptions for Rel-12 study. The whole simulation assumptions are summarized in Table 1.
Table 1 Simulation assumptions for RRM measurement in enhanced coverage
	Parameters
	Value

	SNR 
	{-14.2, -9.2, -6, -3} dB 

	Measurement Bandwidth 
	6 RBs

	Number of Tx Antennas 
	1 

	Number of Rx Antennas 
	1

	Measurement Period 
	400ms, 800ms, 1600ms 

	Sampling Period
	80ms 

	L3 filtering 
	Disable 

	DRX
	OFF

	Propagation Condition
	AWGN, EPA5, ETU70 

	CP Length
	Normal




2.2 Simulation results
The CDF curves of the delta RSRP/RSRQ (the difference between the measured value and the nominal value which is estimated with perfect channel information) are derived from the simulation, and the 5%-, 50%- and 95%-tile of the curves are summarized in Table 2 to Table 3.
Table 2 Simulation results of Delta RSRP with 400ms measurement period 
	Channel model
	SNR (dB)
	5%-tile
	50%-tile
	95%-tile

	AWGN
	-3
	-1.2329        
	0.1039
	1.1512

	
	-6
	-2.8969    
	0.1086    
	1.8225

	
	-9.2
	-4.1728    
	0.6757    
	3.2611

	
	-14.2
	-2.3850    
	3.2422    
	6.5975   

	EPA5
	-3
	-1.6056    
	0.0963    
	1.4847

	
	-6
	-2.9619    
	0.1745    
	2.4806   

	
	-9.2
	-3.7647    
	1.0226      
	4.2321

	
	-14.2
	-1.7422   
	3.9768    
	8.8768

	ETU70
	-3
	-1.4682    
	0.0577      
	1.3217

	
	-6
	-2.5977    
	0.2496    
	2.3332   

	
	-9.2
	-4.2205    
	0.8540    
	3.6038

	
	-14.2
	-2.2504    
	3.7058    
	7.3914


Table 3 Simulation results of Delta RSRQ with 400ms measurement period 
	Channel model
	SNR (dB)
	5%-tile
	50%-tile
	95%-tile

	AWGN
	-3
	-0.8612    
	0.4434    
	1.4631

	
	-6
	-2.6901    
	0.3123    
	2.0388

	
	-9.2
	-4.0287    
	0.7920    
	3.3567

	
	-14.2
	-2.3586    
	3.2734    
	6.5921

	EPA5
	-3
	-1.3616    
	0.4541    
	1.7194

	
	-6
	-2.7618    
	0.4035    
	2.5981

	
	-9.2
	-3.6370    
	1.1294    
	4.2563

	
	-14.2
	-1.6935    
	4.0182    
	8.9359

	ETU70
	-3
	-1.1735   
	0.4137    
	1.5765

	
	-6
	-2.4236    
	0.4720    
	2.4771

	
	-9.2
	-4.1833    
	0.9838    
	3.6692

	
	-14.2
	-2.2069    
	3.7473    
	7.4473



From the tables above, it can be seen that the accuracy of the RSRP/RSRQ measurement is significantly degraded with low SNR condition. For example, if we use the max(5%, 95%) across all channel models to derive the requirement, the RSRP performance requirement would be ±12.9dB including a 4dB RF margin.
Observation 1: The accuracy of the RSRP/RSRQ measurement in enhanced coverage is significantly degraded due to low SNR condition.
Simulation results are summarized through Table 4 to Table 7 for RSRP/RSRQ with 800/1600ms measurement period.
Table 4 Simulation results of Delta RSRP with 800ms measurement period 
	Channel model
	SNR (dB)
	5%-tile
	50%-tile
	95%-tile

	AWGN
	-3
	-0.92716
	0.025985
	0.84802

	
	-6
	-1.7968
	0.087266
	1.4224

	
	-9.2
	-4.2161
	0.27433
	2.3344

	
	-14.2
	-3.1129
	2.2197
	5.4173

	EPA5
	-3
	-1.1565
	0.021492
	0.93082

	
	-6
	-2.1986
	0.17282
	1.872

	
	-9.2
	-2.8459
	0.51602
	2.6841

	
	-14.2
	-3.274
	2.4954
	5.9355

	ETU70
	-3
	-1.1308
	0.006575
	0.83863

	
	-6
	-1.8586
	0.058175
	1.4507

	
	-9.2
	-3.365
	0.41432
	2.7173

	
	-14.2
	-3.2912
	2.4058
	5.7415


Table 5 Simulation results of Delta RSRQ with 800ms measurement period 
	Channel model
	SNR (dB)
	5%-tile
	50%-tile
	95%-tile

	AWGN
	-3
	-0.58676
	0.36283
	1.1813

	
	-6
	-1.6128
	0.28414
	1.6153

	
	-9.2
	-4.1051
	0.35365
	2.4377

	
	-14.2
	-3.0597
	2.2605
	5.4481

	EPA5
	-3
	-0.84602
	0.35536
	1.2048

	
	-6
	-2.0228
	0.38964
	1.9961

	
	-9.2
	-2.7403
	0.62852
	2.7631

	
	-14.2
	-3.2559
	2.5338
	5.9362

	ETU70
	-3
	-0.79492
	0.34205
	1.1269

	
	-6
	-1.6316
	0.26895
	1.6319

	
	-9.2
	-3.2376
	0.53156
	2.787

	
	-14.2
	-3.1963
	2.4305
	5.7359


Table 6 Simulation results of Delta RSRP with 1600ms measurement period 
	Channel model
	SNR (dB)
	5%-tile
	50%-tile
	95%-tile

	AWGN
	-3
	-0.67975
	0.03317
	0.68955

	
	-6
	-1.2657
	0.13917
	1.0522

	
	-9.2
	-2.8708
	-0.05808
	1.8547

	
	-14.2
	-3.8303
	1.5774
	4.2654

	EPA5
	-3
	-0.6628
	0.027432
	0.66687

	
	-6
	-1.2747
	0.057859
	1.1323

	
	-9.2
	-2.5421
	0.15264
	1.9669

	
	-14.2
	-3.9336
	1.7456
	4.6256

	ETU70
	-3
	-0.81509
	0.008751
	0.5526

	
	-6
	-1.1309
	0.028059
	1.0915

	
	-9.2
	-2.4865
	0.19256
	1.8936

	
	-14.2
	-3.6103
	1.5971
	4.5011


Table 7 Simulation results of Delta RSRQ with 1600ms measurement period 
	Channel model
	SNR (dB)
	5%-tile
	50%-tile
	95%-tile

	AWGN
	-3
	-0.3493
	0.36164
	0.99458

	
	-6
	-1.0671
	0.33986
	1.254

	
	-9.2
	-2.773
	0.03964
	1.9563

	
	-14.2
	-3.8168
	1.6301
	4.2897

	EPA5
	-3
	-0.31258
	0.38308
	0.97347

	
	-6
	-1.0974
	0.25082
	1.296

	
	-9.2
	-2.4538
	0.27875
	2.0911

	
	-14.2
	-3.9072
	1.7902
	4.6324

	ETU70
	-3
	-0.4446
	0.35017
	0.88442

	
	-6
	-0.95936
	0.2272
	1.2589

	
	-9.2
	-2.4152
	0.29593
	1.987

	
	-14.2
	-3.5998
	1.6026
	4.5213



It can be seen there is obvious accuracy improvement when the measurement period is extended from 400ms to 800ms. For example, if we use the same methodology to derive the accuracy requirement for -14.2dB SNR, the requirement can be ±9.9dB, i.e. the gain is 3dB. 
However, when the measurement period is extended further to 1600ms, the gain becomes less. Still considering -14.2dB SNR, the accuracy requirement would be ±8.6dB, so the gain is only 1.3dB.
Observation 2: 3dB gain can be achieved by extending the measurement period from 400ms to 800ms, while the gain by further extending measurement period to 1600ms is less.
3 Conclusions 
In this paper, we derived the SNR condition for serving cell measurement, and provided simulation results on the accuracy of the RRM measurement with 1 Rx in enhanced coverage. From the simulation results, we observed that  
Observation 1: The accuracy of the RSRP/RSRQ measurement in enhanced coverage is significantly degraded due to low SNR condition.
Observation 2: 3dB gain can be achieved by extending the measurement period from 400ms to 800ms, while the gain by further extending measurement period to 1600ms is less.
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