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1. Introduction
In the RAN4#79AH meeting, WF on NB-IOT RRM measurement [1] was agreed to conduct the simulation and define the corresponding RSRP/RSRQ requirement. In this contribution, we provide the updated simulation results of NB-IoT RRM measurement for further analysis. 
2. Simulation assumptions
The simulation assumptions are referred to the way forward in [1] and simulation assumptions are listed in Table 1. 
Table 1.Simulation assumptions for RRM measurement 
	Parameters 
	Value 
	Comments 

	Measurement bandwidth 
	1 resource blocks 
	Both RSRP and RSRQ measured over 1 RB 

	System bandwidth 
	1 resource blocks 
	

	L1 measurement period 
	400 ms, 800 ms 
	Even further increased measurement period can be considered to evaluate the measurement performance 

	Sample duration 
	1ms, 3ms, 6ms, 10ms 
	Even further increased sampling period can be considered to evaluate the measurement performance 

	Measurement sampling rate 
	Once every 40ms  or  80 ms 
	Sample period: 40ms or 80ms 

	L3 filtering 
	Disabled 
	

	DRX 
	OFF 
	

	Antenna configuration 
	1TX, 1RX 
	

	Mobility 
	Stationary UEs, 
	

	Channel model 
	AWGN, ETU 1Hz, EPA 1Hz 
	Models stationary device 

	Measurement type 
	NB-RS only based 
	

	CP length 
	Normal 
	

	Carrier frequency 
	2 GHz 
	

	Ec/Iot 
	-20 dB, …, 10 dB 
	AWGN noise 

	Frequency error modelling 
	+/-50 Hz 
	With respect to reference cell 


3. Discussion of time window of coherent combining
During the RAN4#79AH meeting, the NRSRP/NRSRQ accuracy requirements are extensively discussed and some companies still have concerns on the basic simulation assumption, especially for time window of coherent combing and available subframes for RRM measurement. During the last meeting, we reached the following agreement:

Minimum number of subframes containing NRS per L1 measurement period used by the UE for NRSRP/NRSRQ measurements: 

For L1 period of 400 ms: 10, 30 and 50 subframes containing NRS 

For L1 period of 800 ms: 20, 60 and 100 subframes containing NRS 

Time window over which coherent combining is done is to be disclosed by the companies for alignment purpose
Here, we want to clarify that channel estimation method and RSRP estimation method will also have the impacts on the measurement performance of NRSRP and NRSRQ other than time window for coherent combining and available RRM measurement subframes. However for the legacy RRM measurement, we consider the channel estimation method and RSRP estimation method is up to UE’s implementation and we only focus on the number of available the RRM measurement suframes. Therefore we only illustrate the time window for coherent combining 
Method 1: Subframe#9 in odd frame and Subframe#0 and Subframe#4 in the following frame could be used for coherent combing as shown in Figure 1; 
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Figure 1. The available subframe containing the NRS in the in-band NB-IoT case

According to the agreed simulation assumptions and the time window for coherent combing, we get the following simulation results as listed in Section 4. 
4. Simulation results
Normal coverage mode:
Table 2: Delta RSRP [Sample Duration:3ms, Sample Period: 130ms; Measurement Periodicity=400ms]
	Delta RSRP
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

	Channel
	SNR(dB)
	
	
	
	

	AWGN
	-6
	-1.1469 
	3.0061 
	2.0765 
	3.0061

	EPA1
	-6
	-1.8116 
	4.0283 
	2.9200 
	4.0283 

	ETU1
	-6
	-2.1862 
	3.5319 
	2.8591 
	3.5319 


     Note: the measurement subframe within measurement periodicity 400ms is 9ms; 
Table 3: Delta RSRQ [Sample Duration:3ms, Sample Period: 130ms, Measurement Periodicity=400ms]
	Delta RSRQ
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

	Channel
	SNR(dB)
	
	
	
	

	AWGN
	-6
	-1.1454 
	3.0048 
	2.0765 
	-1.1454 

	EPA1
	-6
	-1.5494 
	4.0527 
	2.9200 
	4.0527 

	ETU1
	-6
	-1.8641 
	3.7117 
	2.8591 
	3.7117 


Note: the measurement subframe within measurement periodicity 400ms is 9ms;
Table 4: Delta RSRP [Sample Duration:3ms, Sample Period: 40ms; Measurement Periodicity=400ms]
	Delta RSRP
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

	Channel
	SNR(dB)
	
	
	
	

	AWGN
	-6
	-0.3372 
	2.5752 
	1.4562 
	2.5752 

	EPA1
	-6
	-0.1323 
	2.3839 
	1.2581 
	2.3839 

	ETU1
	-6
	-0.0500 
	2.8240 
	1.4370 
	2.8240 


Note: the measurement subframe within measurement periodicity 400ms is 30ms;
Table 5: Delta RSRQ [Sample Duration:3ms, Sample Period: 40ms, Measurement Periodicity=400ms]
	Delta RSRQ
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

	Channel
	SNR(dB)
	
	
	
	

	AWGN
	-6
	-0.3372 
	2.5752 
	1.4562 
	2.5752 

	EPA1
	-6
	0.2524 
	2.7544 
	1.2581 
	2.7544 

	ETU1
	-6
	0.4117 
	3.3545 
	1.4370 
	3.3545 


Note: the measurement subframe within measurement periodicity 400ms is 30ms;
Table 6: Delta RSRP [Sample Duration:3ms, Sample Period: 25ms; Measurement Periodicity=400ms]
	Delta RSRP
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

	Channel
	SNR(dB)
	
	
	
	

	AWGN
	-6
	0.1384 
	2.0165 
	0.9391 
	2.0165

	EPA1
	-6
	0.2774 
	2.1629 
	0.9428 
	2.0165 

	ETU1
	-6
	0.0523 
	1.7820 
	0.8649 
	2.1629 


Note: the measurement subframe within measurement periodicity 400ms is 48ms;
Table 7: Delta RSRQ [Sample Duration:3ms, Sample Period: 25ms, Measurement Periodicity=400ms]
	Delta RSRQ
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

	Channel
	SNR(dB)
	
	
	
	

	AWGN
	-6
	0.1809 
	2.0290 
	0.9391 
	2.0290 

	EPA1
	-6
	0.8330 
	2.7371 
	0.9428 
	2.7371 

	ETU1
	-6
	0.3827 
	2.1415 
	0.8649 
	2.1415 


Note: the measurement subframe within measurement periodicity 400ms is 48ms
Enhanced coverage mode :
Table 8: Delta RSRP [Sample Duration:3 ms, Sample Period: 25ms, Measurement Periodicity=800ms]
	Delta RSRP
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

	Channel
	SNR(dB)
	
	
	
	

	AWGN
	-15
	5.0661 
	8.7012 
	1.8175 
	8.7012 

	EPA1
	-15
	5.6217 
	8.6889 
	1.5336 
	8.6889 

	ETU1
	-15
	6.4430 
	8.8711 
	1.2140 
	8.8711 


Note: the measurement subframe within measurement periodicity 800ms is 96ms
Table 9: Delta RSRQ [Sample Duration:3ms, Sample Period: 25ms, Measurement Periodicity=800ms]
	Delta RSRQ
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

	Channel
	SNR(dB)
	
	
	
	

	AWGN
	-15
	5.0868 
	8.6962 
	1.8175 
	8.6962 

	EPA1
	-15
	5.7667 
	8.7544 
	1.5336 
	8.7544 

	ETU1
	-15
	6.6039 
	8.8919 
	1.2140 
	8.8919 


Note: the measurement subframe within measurement periodicity 800ms is 96ms
According to the agreed simulation assumptions and the time window for coherent combing, we get the following simulation results as listed in Section 4. 
Proposal 1: for normal coverage mode, when measurement period is 400ms, the absolute RSRP accuracy is [(4dB] not including RF margin.

Proposal 2: for normal coverage mode, when measurement period is 400ms, the absolute RSRQ accuracy is [(4dB].
Proposal 3: for enhanced coverage mode, when measurement period is 800ms, the absolute RSRP accuracy is [(9dB] not including RF margin.

Proposal 4: for enhanced coverage mode, when measurement period is 800ms, the absolute RSRQ accuracy is [(9dB].
5. Conclusions
In this proposal, the initial simulation results for RSRP/RSRQ measurement are provided for further analysis. 
Proposal 1: for normal coverage mode, when measurement period is 400ms, the absolute RSRP accuracy is [(4dB] not including RF margin.

Proposal 2: for normal coverage mode, when measurement period is 400ms, the absolute RSRQ accuracy is [(4dB].
Proposal 3: for enhanced coverage mode, when measurement period is 800ms, the absolute RSRP accuracy is [(9dB] not including RF margin.

Proposal 4: for enhanced coverage mode, when measurement period is 800ms, the absolute RSRQ accuracy is [(9dB].
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