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1. Introduction

In this contribution we provide our simulation results for absolute S-RSRP measurement accuracy based on the simulation assumptions proposed in our companion contribution R4-150201. The simulation assumptions are repeated in Appendix A for ease of readability.
Based on the simulation results, we provide our proposals for the L1 measurement period for S-RSRP measurement and the side-condition definition of absolute S-RSRP measurement accuracy. 
2. Absolute S-RSRP measurement accuracy
2.1. Simulation results
The measurement sampling rates used are listed in Table 1 for the different L1 measurement periods. 
· For L1 measurement period of 200ms, a measurement sampling rate of 1 of every 3 PSBCH occasions is used. The sampled PSBCH subframes are hence spaced apart by 40ms * 3 = 120ms. 

· For L1 measurement period of 400ms, the same sampling rate was maintained, thus the number of PSBCH subframes used for S-RSRP measurement was doubled. This was to show the results with increased accuracy while still maintaining high sampling rate.
· For L1 measurement period of 600ms, the sampling rate was reduced to 1 of 4 PSBCH transmissions, while still using 4 PSBCH subframes for S-RSRP measurements. 

Table 1: Measurement sampling rate for which results are presented
	L1 measurement period
	Measurement sampling rate
	PSBCH sub-frames used for S-RSRP measurements per L1 measurement period

	200ms
	Every 120ms

(1 of 3 PSBCH transmissions)
	2 in 200ms

	400ms
	Every 120ms

(1 of 3 PSBCH transmissions)
	4 in 400ms

	600ms
	Every 160ms

(1 of 4 PSBCH transmissions)
	4 in 600ms


The results for different L1 measurement periods are listed below:
· L1 measurement period of 200ms: In Table 2; 

· L1 measurement period of 400ms: In Table 3
· L1 measurement period of 600ms: In Table 4. CDF curves are in Appendix B
Table 2: S-RSRP absolute measurement accuracy results for 2 PSBCH sub-frames for S-RSRP measurement per L1 measurement period of 200ms with a sampling rate of 1 of 3 PSBCH transmissions

	Channel
	SNR
	Delta S-RSRP 
= Measured S-RSRP – Ideal S-RSRP
	Measured S-RSRP 

	
	
	5% [dB]
	95% [dB]
	5% [dB]
	95% [dB]

	AWGN
	-6
	-0.2771
	1.6483
	(= Delta S-RSRP)

	
	-3
	-0.1634
	1.1677
	

	
	0
	-0.1292
	0.817
	

	
	3
	-0.1064
	0.5755
	

	EPA5
	-6
	-0.9246
	1.2868
	-3.1031
	5.0473

	
	-3
	-0.7099
	0.8538
	-3.1851
	4.9748

	
	0
	-0.5079
	0.6053
	-3.1392
	4.9145

	
	3
	-0.3749
	0.4017
	-3.2083
	4.8988

	EVA70
	-6
	-1.1367
	1.1543
	-2.3782
	4.2487

	
	-3
	-0.9253
	0.7204
	-2.5677
	4.1564

	
	0
	-0.7654
	0.4467
	-2.4983
	4.1119

	
	3
	-0.6375
	0.2644
	-2.5959
	4.96


Table 3: S-RSRP absolute measurement accuracy results for 4 PSBCH sub-frames for S-RSRP measurement per L1 measurement period of 400ms with sampling rate of 1 of 3 PSBCH transmissions

	Channel
	SNR
	Delta S-RSRP 
= Measured S-RSRP – Ideal S-RSRP
	Measured S-RSRP 

	
	
	5% [dB]
	95% [dB]
	5% [dB]
	95% [dB]

	AWGN
	-6
	0.0139
	1.3803
	(= Delta S-RSRP)

	
	-3
	0.0486
	0.9721
	

	
	0
	0.0185
	0.6789
	

	
	3
	-0.0004
	0.4741
	

	EPA5
	-6
	-0.5592
	0.9309
	-1.6815
	4.1862

	
	-3
	-0.4133
	0.624
	-1.7841
	4.1029

	
	0
	-0.3123
	0.4238
	-1.879
	4.0234

	
	3
	-0.2431
	0.2907
	-1.8533
	4.0005

	EVA70
	-6
	-0.6676
	0.7588
	-1.0269
	3.6793

	
	-3
	-0.5509
	0.4698
	-1.1467
	3.5675

	
	0
	-0.4752
	0.2668
	-1.2278
	3.4817

	
	3
	0.4424
	0.1406
	-1.2753
	3.4088


Table 4: S-RSRP absolute measurement accuracy results for 4 PSBCH sub-frames for S-RSRP measurement per L1 measurement period of 600ms with sampling rate of 1 of 4 PSBCH transmissions

	Channel
	SNR
	Delta S-RSRP 
= Measured S-RSRP – Ideal S-RSRP
	Measured S-RSRP 

	
	
	5% [dB]
	95% [dB]
	5% [dB]
	95% [dB]

	AWGN
	-6
	0.0139
	1.3803
	(= Delta S-RSRP)

	
	-3
	0.0486
	0.9721
	

	
	0
	0.0186
	0.6787
	

	
	3
	-0.0004
	0.4741
	

	EPA5
	-6
	-0.5653
	0.9376
	-1.3430
	4.0904

	
	-3
	-0.4049
	0.6300
	-1.3765
	3.9695

	
	0
	-0.3021
	0.4325
	-1.4683
	3.9178

	
	3
	-0.2218
	0.2923
	-1.4897
	3.8675

	EVA70
	-6
	-0.7341
	0.8576
	-1.2226
	3.5185

	
	-3
	-0.5907
	0.4998
	-1.2851
	3.4328

	
	0
	-0.5008
	0.2996
	-1.2749
	3.3501

	
	3
	-0.4500
	0.1507
	-1.3044
	3.3285


2.2. Discussion on the results

From the results presented in Table 2 through Table 4, the following observations are made:

· AWGN results: AWGN results for S-RSRP accuracy are expected to be similar to legacy RSRP results for L1 measurement period of 200ms given the similar number of total RE’s used for the measurement (288 REs for S-RSRP vs. 240 REs for legacy RSRP).
· Fading results: With fading, the Ideal S-RSRP becomes non-zero (dB). Hence the Delta S-RSRP (that assumes that Ideal S-RSRP is known; implying that the sampling instants and fading is known perfectly) differs from the Measured S-RSRP results. The measured S-RSRP results are dominated by the fading variations (due to small number of sampling instants), while the Delta S-RSRP show the improvement in S-RSRP estimates with increasing SNR.
· S-RSRP absolute accuracy: From the results, the legacy intra-frequency RSRP absolute accuracy requirements can be reused for S-RSRP absolute accuracy. This is expected since channel estimation algorithm, though different, has similar performance based on CRS (for RSRP) and DMRS (for S-RSRP) on the tones that carries CRS/DMRS.  
· L1 measurement period: From the results, a L1 measurement period for S-RSRP of 600ms seems reasonable, yielding the desired accuracy requirements with marginally relaxed sampling rate as compared to its counterparts (measurement periods of 200ms or 400ms). 
3. Proposals

Based on the simulation results presented in this paper, the following proposals are made.
Proposal 1: L1 measurement period for S-RSRP measurement shall be 600ms.

Proposal 2: The side-condition for S-RSRP absolute accuracy shall be the same as RSRP absolute accuracy requirements as follows:
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA ProSe operating band groups Note 3
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 2
	dBm/BWChannel
	dBm/BWChannel

	(6
	(9
	(-6 dB
	FDD_A, TDD_A
	-121
	N/A
	-70

	
	
	
	FDD_C, TDD_C
	-120
	N/A
	-70

	
	
	
	FDD_D
	-119.5
	N/A
	-70

	
	
	
	FDD_E, TDD_E
	-119
	N/A
	-70

	
	
	
	FDD_F
	-118.5
	N/A
	-70

	
	
	
	FDD_G
	-118
	N/A
	-70

	
	
	
	FDD_H
	-117.5
	N/A
	-70

	
	
	
	FDD_N
	-114.5
	N/A
	-70

	(8
	(11
	(-6 dB
	FDD_A, TDD_A, FDD_C, TDD_C, FDD_D, FDD_E, TDD_E, FDD_F, FDD_G, FDD_H, FDD_N
	N/A
	-70
	-50

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 3:
E-UTRA ProSe operating band groups are as defined in Section 3.5 for the corresponding E-UTRA operating bands.


4. Appendix A: Simulation assumptions from R4-150201
4.1. Simulation assumptions 
Table 5: Simulation assumptions for absolute S-RSRP measurement accuracy

	Parameters
	Value
	Comments

	Frame structure type
	1
	FDD

	Measurement bandwidth
	6 resource blocks
	

	System bandwidth
	50 resource blocks
	 

	L1 measurement period
	{200ms, 400ms, 600ms}
	

	Measurement sampling rate
	 -
	Implementation dependent (Note 1)

	L3 filtering
	Disabled
	 

	Transmit antenna
	1
	 

	Receive antennas
	2
	Note that the S-RSRP value shall not be lower than the corresponding S-RSRP of any of the individual diversity branches.

	Propagation conditions
	AWGN, EVA and EPA
	 

	Doppler Frequency: EVA and EPA
	70 Hz (EVA) and 5 Hz (EPA)
	 

	CP length
	Normal
	 

	Carrier frequency
	700 MHz
	 

	Ec/Iot
	-6 dB … 3 dB
	AWGN noise 

	Note 1: Companies requested to provide the details of the measurement sampling rate for interpretation and comparison of the results.


4.2. Performance metrics

The following performance metrics can be considered
· The CDF curves (including the 95% and 5% CDF points) for (a) Delta S-RSRP, and (b) Measured S-RSRP.
Delta S-RSRP is defined as follows:
Delta S-RSRP = Measured S-RSRP – Ideal S-RSRP.
Ideal S-RSRP is defined as the true value assuming perfect channel estimation using the same sampling rate and sampling occasions as used in the measured S-RSRP evaluation.
5. Appendix B: CDF curves for 600ms measurement period 

In this appendix, the CDF curves for Delta S-RSRP and Measured S-RSRP for L1 measurement period of 600ms are provided. These correspond to the results presented in Table 4.
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