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1. Introduction
In ran1 #88bis, the following agreement has been reached for narrowband measurement accuracy improvement:

· At least NSSS is used additionally to NRS for in-band, guard-band, standalone.
· FFS details of related signaling

· Additional candidates can be NPSS, NPBCH, NPRS, PRS (in-band), CRS (in-band),  physical signal that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH (if standardized) and the performance improvements should be evaluated until RAN1#89

· Among the additional candidates, companies are recommended to prioritise CRS (in-band)

· FFS if the existing signal(s)/channel(s) used additionally to NRS can be different in the serving cell to a neighbour cell

· FFS for RRC_connected mode where at least the NPDCCH could be helpful for narrowband measurement accuracy improvement

· FFS details of how UE is informed of differing EPRE between signals

In this contribution, we evaluate the performance of narrowband measurement accuracy for NB-IoT.. 
2. Discussion of time window of coherent combining
The general simulation assumption for RRM measurement is attached in the Annex. In addition, some more simulation assumptions should be further clarified when comparing the simulation results among different candidate solutions. For example, as presented in the following, the minimum number of subframes containing NRS and NSSS per L1 measurement period used by UE for NRSRP/NRSRQ measurement is tightly related with RRM performance improvement.
Minimum number of subframes containing NRS per L1 measurement period used by the UE for NRSRP/NRSRQ measurements: 

For L1 period of 400 ms: X1 subframes containing NRS and X2 subframes containing NSSS 
For L1 period of 800 ms: Y1 subframes containing NRS and Y2 subframes containing NSSS
Time window over which coherent combining is done is to be disclosed by the companies for comparison purpose
In the following simulation, for NRS+NSSS method, subframe#0,4,9 in the even frame and subframe#0, 9 in the following frame are used for coherent combing of RSRP/RSRQ measurement. For NRS only method at subframe#0, 4 in the even frame and subframe#0, 9 in the following frame are used for coherent combing of RSRP/RSRQ measurement.
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Figure 1. The available subframe containing the NRS & NPSS/NSSS 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 3. 
3. Simulation results
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Figure1. NRSRP measurement for extreme coverage, SNR=-16.6dB
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Figure2. NRSRQ measurement for extreme coverage, SNR=-16.6dB
Enhanced coverage mode (NSSS+NRS) :
Table 1: Delta RSRP [Sample Duration:5 ms, Sample Period: 20ms, Measurement Periodicity=800ms]
	Delta RSRP
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

	Channel
	SNR(dB)
	
	
	
	

	TU1
	-16.6dB
	5.3441
	  6.9368
	0.7963
	6.9368


Note: the measurement subframe within measurement periodicity 800ms is 200ms
Table 2: Delta RSRQ [Sample Duration:5ms, Sample Period: 20ms, Measurement Periodicity=800ms]
	Delta RSRQ
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

	Channel
	SNR(dB)
	
	
	
	

	TU1
	-16.6dB
	5.3232
	6.8901
	0.7963
	6.8901


Note: the measurement subframe within measurement periodicity 800ms is 200ms. 

Enhanced coverage mode (NRS only) :
Table 1: Delta RSRP [Sample Duration:5 ms, Sample Period: 20ms, Measurement Periodicity=800ms]
	Delta RSRP
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

	Channel
	SNR(dB)
	
	
	
	

	TU1
	-16.6dB
	6.8703
	8.9420
	1.0358
	8.9420


Note: the measurement subframe within measurement periodicity 800ms is 160ms
Table 2: Delta RSRQ [Sample Duration:5ms, Sample Period: 20ms, Measurement Periodicity=800ms]
	Delta RSRQ
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

	Channel
	SNR(dB)
	
	
	
	

	TU1
	-16.6dB
	6.8759
	8.9280
	1.0261
	8.9280


Note: the measurement subframe within measurement periodicity 800ms is 160ms. 
Based on the simulation results shown in the Figure1 and Figure2, the detailed simulation results are summarized in the following table where 5% and 95% point of CDF curve is generally adopted in the RAN4 evaluation work. According to the simulation results, it can easily found that absolute NRSRP/NRSRQ measurement accuracy could be improved around 2dB in the extreme coverage scenario when using the NRS+NSS method compared with NRS only method, therefore NSSS+NRS method is preferable for NB-IoT RRM enhancement. 
Observation:  Absolute NRSRP/NRSRQ measurement accuracy could be improved around 2dB in the extreme coverage scenario when using NSSS+NRS method compared with NRS only method, therefore NSSS+NRS method is preferable for NB-IoT RRM enhancement. 
4. Conclusions
In this proposal, the initial simulation results for RSRP/RSRQ measurement are provided for further analysis. 
Observation: Absolute NRSRP/NRSRQ measurement accuracy could be improved around 2dB in the extreme coverage scenario when using NSSS+NRS method compared with NRS only method, therefore NSSS+NRS method is preferable for NB-IoT RRM enhancement. 
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6. Annex
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 enhancement

	Channel model 
	TU

	Doppler spread 
	1 Hz

	Antenna configuration
	1Tx for stand-alone, 2Tx for for in-band

1Rx

	Frequency error
	±50 Hz 

	NB-IoT carrier type
	Anchor carrier

	*NRS presence
	*Before a UE obtains operationModeInfo, refers to section 10.2.6 of TS 36.211

	Measurement bandwidth
	180kHz

	EPRE of different signals compared to EPRE of NRS
	[0,3,-3] dB for NSSS, NPSS, NPRS, PRS

for others, refers to section 16.2.2 of TS 36.213

	MCL
	164 dB

	**SNR of NRS
	Assuming 5 dB noise figure,

-4.6 dB for stand-alone, -12.6 dB for in-band
Assuming 9 dB noise figure,

-8.6 dB for stand-alone, -16.6 dB for in-band

	Measurement period
	400, 800 ms

	Others not addressed
	Report with the simulation results


*Informs the assumption of existing NRS based RRM measurement 

**The noise figure difference compared to rel-13 does not affect the 164 dB MCL of NB-IoT in Rel-13
