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1		Introduction 
In RAN4#78, the following was captured in the WF [2]:
· RAN4 is to study RRM measurement performance using following options:
· Option 1: Measurement based on NB-RS signals
· To be used as simulation baseline only
· Option 2: Measurement based on synchronization signals (e.g. NB-SSS) 
· provided that NB-SSS are available for measurement
· Option 3: Measurement based on combination of NB-RS and NB-SSS
· provided that NB-SSS are available for measurement
· Other options are not precluded
The CDF curves are to be provided for:
· Estimated RSRP
· Estimated RSRQ
· Delta RSRP   = (estimated RSRP – ideal RSRP) 	[dB]  
· Delta RSRQ  = (estimated RSRQ – ideal RSRQ) [dB]

[bookmark: _GoBack]This papers presents RSRP simulation results for NB-IOT based on the agreed simulation assumptions
2	Simulation Assumptions
	Parameters
	Value
	Comments

	Measurement bandwidth
	1 resource blocks
	RSRP measured over 1 RB

	System bandwidth
	1 resource blocks
	

	L1 measurement period
	50ms, 100ms, 200 ms, 400 ms, 800 ms 
	Even further increased measurement period can be considered to evaluate the measurement performance

	L3 filtering
	Disabled
	

	Antenna configuration
	In-band
Guard-band
	2TX, 1RX
	Puncturing of NB-PSS and NB-SSS in in-band operation when colliding with 2TX CRS pattern

	
	
	
	

	Power boosting for NB-IOT
	In-band
Guard-band
	0 dB
	NB-IoT is transmitted at 0dB or 6dB higher power than the MBB LTE cell to which it is associated.

	
	
	
	

	Mobility
	Stationary UEs, 
	

	Channel model
	AWGN
	Models stationary device

	Measurement type
	NB-RS only based,
NB-PSS based,
Combination of NB-RS and NB-PSS
	

	CP length
	Normal
	

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

	Frequency error modelling
	50 Hz
	With respect to reference cell



2.1	Simulator setup
The 180KHz NB-IOT signal consists of random QPSK data symbols with CRS and NB-RS tones inserted at appropriate locations and NB-PSS symbols at subframe#5 of each frame. This signal is sampled at 1.92MHz sampling rate. The total Tx power is set to unity. SNR is varied by adjusting the AWGN noise power. As defined in [2], the ideal RSRP is the true value that does not include any channel estimation noise but uses the same sampling rate as for the estimated RSRP. So ideal RSRP expected for this simulation setup is unity power i.e. 0dBm. Consequently, the delta RSRP would be the estimated RSRP minus one. Simulations are run for 100 iterations and the estimated measurements (RSRP) from all the iterations is shown as boxplot which captures certain percentiles from the CDF of the measurements.
3	Estimated RSRP Results
The boxplots for estimated RSRP for different SNRs and averaging lengths are shown below. The lower edge of each box shows the 25th-percentile value, the upper edge of the box shows the 75th percentile value, the black dotted line with horizontal caps show the range of values observed when the simulations was run for 100 iterations. The red line inside box shows the median (50th percentile) value and the red dot/square in the box shows mean value. The markers ‘+’ indicate points which are outliers.
NBRS_RP implies NBRS based RSRP measurement, PSS_RP implies NB-PSS based RSRP measurement and NBRSplusPSS_RP implies RSRP measurement based on averaging scaled NBRS and NB-PSS. NBRS_RP is measured once per slot and averaged coherently over slots in time, PSS_RP is measured 10 times per frame and averaged coherently per frame and over multiple frames in time. NBRSplusPSS_RP is measured once per frame and averaged coherently over multiple frames in time.
The following are the observations from the plots below:
Observation 1: At lower SNR and lower averaging, the measurement variance is high and the measurement mean is higher than ideal/expected value while at high SNR and higher averaging, the measurement variance is small and measurement mean is close to expected/ideal value.
Observation 2: PSS_RP and NBRSplusPSS_RP have smaller measurement variance compared to NBRS_RP
Observation 3: The delta between the PSS_RP mean value and the ideal PSS_RP is the smallest compared to the measurement delta for NBRS_RP and NBRSplusPSS_RP.
3.1	SNR = 10dB with Frequency Error = 50Hz
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3.2	SNR = -10dB with Frequency Error = 50Hz
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3.3	SNR = -20dB and Frequency Error = 50Hz
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4	Conclusions
This paper has presented the boxplots showing CDF for SNR=-20, -10dB and 10dB at frequency error=50Hz. The following are the observations from the simulations:
Observation 1: At lower SNR and lower averaging, the measurement variance is high and the measurement mean is higher than ideal/expected value while at high SNR and higher averaging, the measurement variance is small and measurement mean is close to expected/ideal value.
Observation 2: PSS_RP and NBRSplusPSS_RP have smaller measurement variance compared to NBRS_RP
Observation 3: The delta between the PSS_RP mean value and the ideal PSS_RP is the smallest compared to the measurement delta for NBRS_RP and NBRSplusPSS_RP.
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