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1. Introduction

The WI of small cell enhancements - physical layer aspects was approved in RAN#62. One topic discussed is the small cell on/off, where the basic idea is to facilitate on/off switching of the small cells e.g. to reduce network energy consumption as well as to reduce interference during the times when the network load is low, and the concept of discovery reference signal (DRS) was introduced in RAN1 for this purpose. 

RAN1 sent out 3 LSs [1-3] after RAN1#77 meeting, where most of the RAN1 agreements on the DRS design were captured. It is mentioned in [3] that Requirements on measurement bandwidth, periodicity, and duration of a DRS occasion should be discussed in RAN4. In RAN4#71 RRM ad-hoc meeting, companies agreed to evaluate the accuracy of RSRP measurement based on DRS, and the assumption for the link level simulation was agreed in [4].
In this paper we present the simulation results on DRS based on RSRP accuracy. More specifically, measurement based on CRS and CSI-RS are discussed, respectively. Since the baseline in [4] is the worst case in terms of DRS periodicity and duration, we are looking at the impact of measurement bandwidth and period on the accuracy performance.
The simulation assumptions are listed in Annex.
2. CRS based measurement 
The accuracy performance with 6 PRB meansurement bandwidth and 160 ms measurement period are show in Figure 1.
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	Figure 1 CRS RSRP accuracy under different SNR conditions and channel models with 6 PRB and 160 ms measurement


It can be seen that the existing accuracy ((6 dB) cannot be met in all cases due to less samples compared to normal CRS based measurement. To get more samples, larger meansurement bandwidth or longer measurement period is considered.
2.1 Impact of meansurement bandwidth
The accuracy performance with EPA channel and 160 ms measurement period are show in Figure 2.
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	Figure 2 CRS RSRP accuracy under different measurement bandwidths with EPA channel and 160 ms measurement, SNR=-6/-10 dB


The RSRP accuracy in 5%-, 50%-, 95%-tile of CDF are summarized in Table 1.

	Table 1 RSRP accuracy in 5%-, 50%-, 95%-tile of CDF under different measurement bandwidth with 160 ms measurement, SNR=-6/-10 dB

	Fading channel
	SNR=-6dB
	SNR=-10dB

	
	Measurement bandwidth
	Measurement bandwidth

	
	6 PRB
	25 PRB
	50 PRB
	6 PRB
	25 PRB
	50 PRB

	AWGN
	-1.8632    1.4812    3.5629
	-1.0117    0.6622    2.0336
	-0.6848    0.4545    1.3784
	-0.3174    3.2141    5.7959
	-1.3085    1.5592    3.4207
	-1.1395    1.0086    2.6570

	EPA
	-2.9732    1.5538    5.9468
	-4.4160    0.9497    5.3007
	-3.4898    0.8247    4.6419
	-0.4009    3.3148    7.0162
	-2.5360    1.5899    5.5330
	-2.9671    1.3173    4.8536

	ETU
	-2.9750    1.2028    4.8908
	-2.9743    0.5143    3.4834
	-2.5372    0.4307    2.7898
	-0.9062    3.1391    5.9253
	-2.2380    1.3995    4.3335
	-2.4706    0.8861    3.3091


It can be seen that increase of the measurement bandwidth can lead to better accuracy, in particular with low SNR. 

2.2 Impact of measurement period
The accuracy performance with EPA channel and 6 PRB measurement bandwidth are show in Figure 3.
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	Figure 3 CRS RSRP accuracy under different measurement periods with EPA channel and 6 PRB measurement, SNR=-6/-10 dB


The RSRP accuracy in 5%-, 50%-, 95%-tile of CDF are summarized in Table 2.

	Table 2 RSRP accuracy in 5%-, 50%-, 95%-tile of CDF under different measurement period with 6 PRB measurement, SNR=-6/-10 dB

	Fading channel
	SNR=-6dB
	SNR=-10dB

	
	Measurement period
	Measurement period

	
	160 ms
	480 ms
	800 ms
	160 ms
	480 ms
	800 ms

	AWGN
	-1.8632    1.4812    3.5629
	-0.1975    0.8024    1.8123
	0.0161    0.7476    1.4450
	-0.3174    3.2141    5.7959
	1.4261    2.7134    3.9753
	1.8803    2.6259    3.3577

	EPA
	-2.9732    1.5538    5.9468
	-0.6922    1.3775    3.6484
	-0.1240    1.2044    2.6822
	-0.4009    3.3148    7.0162
	1.4689    3.0122    4.6077
	1.9614    2.9197    4.0361

	ETU
	-2.9750    1.2028    4.8908
	-0.7265    0.9121    2.5231
	-0.3824    0.7437    1.9287
	-0.9062    3.1391    5.9253
	1.5336    2.8415    4.2084
	1.7451    2.7041    3.6882


It can be seen that increase of the measurement period can lead to better accuracy.

Observation 1: For CRS based RSRP measurement in DRS, the existing requirement ((6 dB) cannot be met with 6 PRB and 160 ms measurement for all cases. Increasing the measurement bandwidth and/or period can lead to better accuracy. In particular, longer meansuremnt period looks more benefitial. 
3. CSI-RS based measurement 

The accuracy performance with 6 PRB meansurement bandwidth and 160 ms measurement period are show in Figure 4.
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	Figure 4 CSI-RS RSRP accuracy under different SNR conditions with 6 PRB and 160 ms measurement


It can be seen that the existing accuracy ((6 dB) cannot be met in all cases due to less samples compared to normal CRS based measurement. To get more samples, larger meansurement bandwidth, longer measurement period, or more CSI-RS REs is considered.
3.1 Impact of meansurement bandwidth

The accuracy performance with EPA channel and 160 ms measurement period are show in Figure 5.
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	Figure 5 CSI-RS RSRP accuracy under different measurement bandwidths with EPA channel and 160 ms measurement, SNR=3/0 dB


The RSRP accuracy in 5%-, 50%-, 95%-tile of CDF are summarized in Table 3.

	Table 3 RSRP accuracy in 5%-, 50%-, 95%-tile of CDF under different measurement bandwidth with 160 ms measurement, SNR=3/0 dB

	Fading channel
	SNR=3dB
	SNR=0dB

	
	Measurement bandwidth
	Measurement bandwidth

	
	6 PRB
	25 PRB
	50 PRB
	6 PRB
	25 PRB
	50 PRB

	AWGN
	-1.0919    0.6787    2.3385
	-0.5109    0.3513    1.1441
	-0.3665    0.2381    0.8636
	-1.8660    0.8579    2.9786
	-0.7628    0.4708    1.6060
	-0.5467    0.3325    1.2102

	EPA
	-6.1759    1.0690    5.9125
	-4.8919    0.9016    5.4127
	-3.7513    0.8532    4.5579
	-5.6023    1.0432    6.2057
	-5.3373    0.8298    5.5867
	-3.3629    0.9085    4.8099

	ETU
	-5.6744    0.1169    4.9000
	-3.6430    0.0111    3.2895
	-2.7787   -0.0882    2.2738
	-4.8009    0.3829    5.0700
	-3.8092    0.0799    3.4940
	-3.0799   -0.0051    2.4634


It can be seen that increase of the measurement bandwidth can lead to better accuracy. 
3.2 Impact of measurement period

The accuracy performance with EPA channel and 6 PRB measurement bandwidth are show in Figure 6.
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	Figure 6 CSI-RS RSRP accuracy under different measurement periods with EPA channel and 6 PRB measurement, SNR=3/0 dB


The RSRP accuracy in 5%-, 50%-, 95%-tile of CDF are summarized in Table 4.

	Table 4 RSRP accuracy in 5%-, 50%-, 95%-tile of CDF under different measurement period with 6 PRB measurement, SNR=3/0 dB

	Fading channel
	SNR=3dB
	SNR=0dB

	
	Measurement period
	Measurement period

	
	160 ms
	480 ms
	800 ms
	160 ms
	480 ms
	800 ms

	AWGN
	-1.0919    0.6787    2.3385
	-0.3822  0.3022 0.9930
	-0.1895    0.2296    0.6467
	-1.8660    0.8579    2.9786
	-0.3337    0.5186    1.4059
	-0.3620    0.3414    1.0935

	EPA
	-6.1759    1.0690    5.9125
	-1.6077 0.7751 3.0436
	-1.0612    0.4190    2.0859
	-5.6023    1.0432    6.2057
	-1.5473    0.7085    3.1132
	-0.9141    0.7923    2.3623

	ETU
	-5.6744    0.1169    4.9000
	-2.0346   -0.1063    1.9945
	-1.5058   -0.1420    1.2798
	-4.8009    0.3829    5.0700
	-2.0144    0.2216    2.2314
	-1.4055   -0.0843    1.4030


It can be seen that increase of the measurement period can lead to better accuracy.
3.3 Impact of CSI-RS REs

The accuracy performance with EPA channel, 160 ms measurement period and 6 PRB measurement bandwidth are show in Figure 7.
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	Figure 7 CSI-RS RSRP accuracy under different CSI-RS RE density with EPA channel, 160 ms and 6 PRB measurement, SNR=3/0 dB


The RSRP accuracy in 5%-, 50%-, 95%-tile of CDF are summarized in Table 5.

	Table 5 RSRP accuracy in 5%-, 50%-, 95%-tile of CDF under different CSI-RS RE density with 160 ms and 6 PRB measurement, SNR=3/0 dB

	Fading channel
	SNR=3dB
	SNR=0dB

	
	CRI-RS RE number
	CSI-RS RE number

	
	2 REs per RB
	8 REs per RB
	2 REs per RB
	8 REs per RB

	AWGN
	-1.0919    0.6787    2.3385
	-0.5230    0.3605    1.1656
	-1.8660    0.8579    2.9786
	-0.7647    0.5187    1.6210

	EPA
	-6.1759    1.0690    5.9125
	-6.4105    0.7157    5.7071
	-5.6023    1.0432    6.2057
	-6.2871    0.6316    5.7446

	ETU
	-5.6744    0.1169    4.9000
	-6.2283      -0.4718    4.1151
	-4.8009    0.3829    5.0700
	-5.8131      -0.3990    4.2338


It can be seen that increase of number of CSI-RS REs can lead to slightly better accuracy.
Observation 2: For CSI-RS based RSRP measurement in DRS, the existing requirement ((6 dB) cannot be met with 6 PRB, 160 ms and 2 RE measurement in all cases. Increasing the measurement bandwidth and/or period can lead to better accuracy. In particular, longer meansuremnt period looks more benefitial. The gain from increased number of CSI-RS REs is limited. 
4. Conclusion

In this paper we present link level simulation results on the accuracy performance of RSRP measurement, based on the agreed assumptions for DRS. As baseline, worst case for DRS in terms of DRS duration and periodicity is considered. 

Following are observed from the simulation results.
Observation 1: For CRS based RSRP measurement in DRS, the existing requirement ((6 dB) cannot be met with 6 PRB and 160 ms measurement for all cases. Increasing the measurement bandwidth and/or period can lead to better accuracy. In particular, longer meansuremnt period looks more benefitial. 

Observation 2: For CSI-RS based RSRP measurement in DRS, the existing requirement ((6 dB) cannot be met with 6 PRB, 160 ms and 2 RE measurement in all cases. Increasing the measurement bandwidth and/or period can lead to better accuracy. In particular, longer meansuremnt period looks more benefitial. The gain from increased number of CSI-RS REs is limited. 
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Annex

Table A.1: Simulation parameters for CRS RSRP measurement
	Parameters
	Value

	SNR 
	{-10, -8, -6, -3, 0} dB 

	Measurement Bandwidth 
	{6 RBs, 25RBs, 50 RBs }

	Number of Tx Antennas 
	{1} 

	Number of Rx Antennas 
	2 

	Antenna Correlation 
	Low 

	DRS occasion periodicity (M)
	160

	DRS occasion duration (N)
	1

	Measurement Period 
	i*160ms, i={1,3,5}

	L3 filtering 
	Disable 

	DRX
	OFF

	Propagation Condition
	AWGN, EPA5, ETU30

	CP Length
	Normal


Table A.2: Simulation parameters for CSI-RS RSRP measurement
	Parameters
	Value

	SINR 
	{-4, -3, 0, 3} dB 

	Measurement Bandwidth 
	{6 RBs, 25RBs, 50RBs}

	Number of Tx Antennas 
	1

	Number of Rx Antennas 
	2 

	Antenna Correlation 
	Low 

	DRS occasion periodicity (M)
	160

	DRS occasion duration (N)
	1

	CSI-RS transmission 
	{1(baseline) }

	CSI-RS reference signal configuration 
	config.2 with 2 REs/RB, 

config.2 with 8 REs/RB

	Measurement Period 
	i*160ms, i={1,3,5}

	L3 filtering 
	Disable 

	DRX
	OFF

	Propagation Condition
	AWGN, EPA5, ETU30

	CP Length
	Normal


