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1 Introduction
In RAN1#59 meeting, it was proposed to reduce the number of CRS transmissions for empty cells [1]. With such proposal, the UE would measure on Secondary Synchronization Signal (SSS) instead of CRS. In [1], some measurement accuracy performance results were provided, but those results were just for intra-frequency non-DRX case, in which 200 ms physical layer measurement period was used. For further evaluation on such proposal, this document provides more measurement accuracy simulation results for intra-frequency DRX case and inter-frequency non-DRX case, in which the performance comparison between the measurement on CRS and that on SSS can be seen.
2 Measurement performance for intra-frequency DRX case
Simulation assumptions
The measurement modeling used in the performance comparison for intra-frequency DRX case is shown in below table:
Table 1: Simulation assumptions for intra-frequency DRX case
	Parameter
	Value
	Comments

	System bandwidth
	BW corresponding 6 RBs
	

	Measurement bandwidth
	BW corresponding 6 RBs
	

	Channel model
	AWGN, EPA5Hz, ETU70Hz, ETU300Hz
	

	BS transmitter
	1 antenna
	

	MS receiver
	2 antennas, uncorrelated
	

	L1 measurement period
	400 ms
	

	DRX cycle
	80 ms
	

	Number of DRX cycles per L1 measurement period
	5 
	

	On-duration per DRX cycle
	3sub-frames (ms) for CRS
1, 6, 11 sub-frames (ms) for SSS
	The number of measured SSS would be 1, 2, and 3

	Number of OFDM symbols per slot
	7
	

	Layer 3 filtering 
	OFF
	

	DRX
	On
	

	Interference from other cells
	-70 dBm
	AWGN

	Ior/Ioc [dB]
	-6 for absolute accuracy measurement
	

	
	-6 for relative accuracy measurement
	The Ior/Ioc of both of the 2 cells for relative accuracy measurement is -6 dB.


Simulation results
The absolute accuracy and relative accuracy performance comparison between the measurement on CRS and that on SSS for different channel models is given in below figures.
The absolute accuracy is defined as the quantity 10log10(M1/M2) which is used to characterize the deviation of estimated RSRP M1 and ideal RSRP M2. It should be noted that the ideal RSRP here is the averaging over all the ideal RSRP values of CRSs during the whole L1 measurement period.
The relative accuracy is defined as the quantity 10log10(M1/M2) which is used to characterize the deviation of two measurements M1 on cell 1 and M2 on cell 2.
	[image: image1.emf]-1 -0.5 0 0.5 1 1.5 2 2.5 3 3.5 4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

AWGN and Ior/Ioc = -6dB

Delta RSRP (Estimated RSRP - Ideal RSRP) (dB)

CDF

Measured on 2ms CRS

Measured on 3ms CRS

Measured on 1 SSS


	[image: image2.emf]-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

AWGN and Ior/Ioc = -6dB

Relative RSRP Measurement (dB)

CDF

Measured on 2ms CRS

Measured on 3ms CRS

Measured on 1 SSS



	
	


Figure 1 RSRP absolute accuracy and relative accuracy in AWGN
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Figure 2 RSRP absolute accuracy and relative accuracy in EPA5H
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Figure 3 RSRP absolute accuracy and relative accuracy in ETU70Hz
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Figure 4 RSRP absolute accuracy and relative accuracy in ETU300Hz
From the above simulation results we can see that for low Doppler frequency channel, like EPA 5Hz channel, the performance of measuring on 1 SSS is about the same as that on CRS. However, for high Doppler frequency channel, like ETU 300Hz channel, the performance of measuring on 1 SSS would be much worse than that on CRS. For ETU 300Hz channel, even though measuring on 2 SSS could get very similar absolute accuracy as that of measuring on 2 ms CRS, but it would have worse relative accuracy compared with that of measuring on 2 ms CRS. So to get better or similar measurement performance than that of measuring on 2 ms CRS, UE needs to measure 3 SSS, i.e. measuring with 11 ms on duration. 
But having longer on duration during one DRX cycle would cause more UE power consumption. In this case, the measurement on the SSS would have 11/2, i.e., 5.5 times UE power consumption than the measurement on the CRS to have better or similar absolute accuracy and relative accuracy.
3 Measurement performance for inter-frequency non-DRX case

In this section, we further evaluate the measurement performance of high Doppler frequency channel for inter-frequency non-DRX case.
Simulation assumptions
The measurement modeling used in the performance comparison for inter-frequency non-DRX case is shown in the below table. It should be noted that the ideal RSRP here is the averaging over all the ideal RSRP values of CRSs during the 5 ms period, since this is the maximum available measurement time during each measurement gap.
Table 2: Simulation assumptions for inter-frequency non-DRX case
	Parameter
	Value
	Comments

	System bandwidth
	BW corresponding 6 RBs
	

	Measurement bandwidth
	BW corresponding 6 RBs
	

	Channel model
	ETU300Hz
	

	BS transmitter
	1 antenna
	

	MS receiver
	2 antennas, uncorrelated
	

	L1 measurement period
	480 ms
	

	Gap Repetition Period
	80 ms or 40 ms
	

	Gap Length
	6 ms
	

	Number of gaps per L1 measurement period
	6 for 80 ms gap period and 12 for 40 ms gap period
	

	Measured sub-frames per gap
	5 sub-frames (ms) for CRS

1sub-frame (ms) for SSS
	For 6 ms gap length, only 5 ms can be used for measurement, which means that only 1 SSS is available for measurement in each gap.

	Number of OFDM symbols per slot
	7
	

	Layer 3 filtering 
	OFF
	

	DRX
	On
	

	Interference from other cells
	-70 dBm
	AWGN

	Ior/Ioc [dB]
	-6 for absolute accuracy measurement
	

	
	-6 for relative accuracy measurement
	The Ior/Ioc of both of the 2 cells for relative accuracy measurement is -6 dB.


Simulation results
The absolute accuracy and relative accuracy performance comparison between the measurement on CRS and that on SSS for different channel models is given in below figures.
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Figure 5 Inter frequency RSRP absolute accuracy and relative accuracy in ETU300Hz (gap period =80ms)
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Figure 6 Inter frequency RSRP absolute accuracy in ETU300Hz (gap period =40ms)
From the simulation results inter-frequency DRX case, we can see that for high Doppler frequency channel, like ETU 300Hz channel, the performance of measuring on SSS would be much worse than that of measuring on CRS. With the measurement configuration defined in Rel-8, the performance of measuring on SSS cannot be improved, since only one SSS is available for measurement in each measurement gap.
4 Conclusion

In this contribution, some simulation results on RSRP measurement performance on CRS and SSS are provided, from which we can see that with the proposal of using SSS for RSRP measurement:
· For intra-frequency DRX case, to get similar measurement accuracy performance as the measurement on CRS in high Doppler frequency channel, UE needs to have longer on duration in each DRX cycle, which would cause significant increase of UE power consumption. This observation implies that the extended CELL DTX may not provide real benefit in terms of overall power consumption. 
· For inter-frequency non-DRX case, the measurement performance would be much worse than that of measuring on CRS in high Doppler frequency channel, since only one SSS is available for measurement in each measurement gap.
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