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1 Introduction

In the previous RAN4 meetings, the RRM performance requirements for Rel. 12 small cell enhancement (SCE) were discussed [1][2]. The link level simulation assumptions to evaluate RSRP performance for SCE were agreed in [3] also.

In this contribution, the link level simulation results of RSRP measurement based on CRS for SCE are presented. Accordingly some further considerations on the measurement bandwidth, periodicity and accuracy requirements for SCE RSRP measurement based on CRS are proposed. 

2 Simulation Assumptions

The agreed simulation assumptions to study SCE CRS-based RSRP measurement are given in Table 1 below. In principle, the number of measurement samples per a DRS periodicity is up to both DRS occasion duration (“N”) [3] and measurement periodicity. For instance, DRS occasion periodicity of 160ms is assumed in our simulation according to [3]. As a result, the measurement samples can be 1, 3, 5 when the measurement periodicities are160ms, 480ms, 800ms respectively. 
Table 1: Simulation parameters for CRS RSRP measurement
	Parameters
	Value
	Comments

	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
	A DRS occasion is transmitted every M ms

	DRS occasion duration (N)
	1
	A DRS occasion for a cell comprises N consecutive subframes. The cases of duration more than 1 subframe are optional for study.

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

	Number of Samples per Measurement Period 
	1, 3, 5 for 160ms, 480ms, 800ms measurement periodicity
	Implementation-dependent (NOTE 1)

	L3 filtering 
	Disable 
	

	DRX
	OFF
	

	Propagation Condition
	AWGN, EPA5, ETU30
	

	CP Length
	Normal
	

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


3 Simulation Results

The link level simulation results of CRS-based RSRP measurement accuracy for SCE with different measurement bandwidths and different CRS periodicity are given in Table 2~4 below. Since the RSRP requirements in the legacy system are typically defined with Es/Iot of -6dB in normal condition, all the simulation results in this section are based on the same Es/Iot assumption. 
Table 2. Simulation results of RSRP measurement with 6RBs measurement bandwidth

	Measurement period (ms)
	Propagation
	SNR
	50%
	
	5%
	95%
	Absolute accuracy


	Relative accuracy



	160
	AWGN
	-6
	-0.35
	
	-1.88
	1.00
	[-1.88,1.00]
	[-1.53，1.35]

	
	EPA5
	-6
	-0.30
	
	-2.02
	1.97
	[-2.02，1.97]
	[-1.72，2.27]

	
	ETU70
	-6
	-1.10
	
	-3.0
	0.9
	[-3.00，0.90]
	[-1.90，2.00]

	480
	AWGN
	-6
	-0.38
	
	-1.26
	0.42
	[-1.26,0.42]
	[-0.88，0.80]

	
	EPA5
	-6
	-0.38
	
	-1.28
	0.67
	[-1.28，0.67]
	[-0.90，1.05]

	
	ETU70
	-6
	-1.16
	
	-2.1
	-0.21
	[-2.10，-0.21]
	[-0.94，0.95]

	800
	AWGN
	-6
	-0.31
	
	-0.99
	0.25
	[-0.99，0.25]
	[-0.68，0.56]

	
	EPA5
	-6
	-0.35
	
	-1.05
	0.40
	[-1.05，0.40]
	[-0.70，0.75]

	
	ETU70
	-6
	-1.2
	
	-1.9
	-0.5
	[-1.90，-0.50]
	[-0.70，0.70]


Table 3. Simulation results of RSRP measurement with 25RBs measurement bandwidth
	Measurement period (ms)
	Propagation
	SNR
	50%
	
	5%
	95%
	Absolute accuracy
	Relative accuracy

	160
	AWGN
	-6
	-0.47
	
	-1.25
	0.30
	[-1.25，0.30]
	[-0.78，0.77]

	
	EPA5
	-6
	-0.37
	
	-1.43
	0.95
	[-1.43，0.95]
	[-1.06，1.32]

	
	ETU70
	-6
	-1.00
	
	-2.02
	0.14
	[-2.02，0.14]
	[-1.02，1.14]

	480
	AWGN
	-6
	-0.49
	
	-0.88
	-0.15
	[-0.88，-0.15]
	[-0.39，0.34]

	
	EPA5
	-6
	-0.45
	
	-0.92
	0.08
	[-0.92，0.08]
	[-0.47，0.53]

	
	ETU70
	-6
	-1.12
	
	-1.55
	-0.53
	[-1.55，-0.53]
	[-0.43，0.59]

	800
	AWGN
	-6
	-0.46
	
	-0.66
	-0.12
	[-0.66，-0.12]
	[-0.2，0.34]

	
	EPA5
	-6
	-0.33
	
	-0.77
	0.08
	[-0.77，0.08]
	[-0.44，0.41]

	
	ETU70
	-6
	-1.08
	
	-1.58
	-0.62
	[-1.58，-0.62]
	[-0.50，0.46]


Table 4. Simulation results of RSRP measurement with 50RBs measurement bandwidth
	Measurement period (ms)
	Propagation
	SNR
	50%
	
	5%
	95%
	Absolute accuracy
	Relative accuracy

	160
	AWGN
	-6
	-0.41
	
	-1.02
	0.08
	[-1.02，0.08]
	[-0.61，0.49]

	
	EPA5
	-6
	-0.31
	
	-0.95
	0.60
	[-0.95，0.60]
	[-0.64，0.91]

	
	ETU70
	-6
	-1.03
	
	-1.95
	-0.31
	[-1.95，-0.31]
	[-0.92，0.72]

	480
	AWGN
	-6
	-0.44
	
	-0.76
	-0.25
	[-0.76，-0.25]
	[-0.32，0.19]

	
	EPA5
	-6
	-0.38
	
	-0.85
	0.09
	[-0.85，0.09]
	[-0.47，0.47]

	
	ETU70
	-6
	-1.13
	
	-1.49
	-0.81
	[-1.49，-0.81]
	[-0.36，0.32]

	800
	AWGN
	-6
	-0.39
	
	-0.59
	-0.16
	[-0.59，-0.16]
	[-0.2，0.23]

	
	EPA5
	-6
	-0.41
	
	-0.60
	-0.06
	[-0.60，-0.06]
	[-0.19，0.35]

	
	ETU70
	-6
	-1.12
	
	-1.45
	-0.91
	[-1.45，-0.91]
	[-0.33，0.21]


Observation 1: Increasing the measurement bandwidth can noticeably improve the RSRP measurement performance. 

Observation 2: If there is only 1 measurement sample per a DRS occasion, longer measurement period can improve RSRP measurement performance. 

Observation 3: Under AWGN, with different measurement bandwidth (6RB, 25RB and 50RB) and measurement period(160ms, 3x160ms and 5x160ms), both CRS based absolute and relative RSRP measurement accuracy can satisfy current requirements in [4] (e.g. (6dB when Ês/Iot > -6 dB for both absolute and relative RSRP measurement accuracy requirements).
Observation 4: Under the fading channel, e.g. ETU, if more than 3dB RF implementation margin are considered, the CRS based absolute RSRP measurement accuracy with 6RB measurement bandwidth and 160ms measurement periodicity is hard to satisfy the current requirement [4] (e.g. (6dB when Ês/Iot > -6 dB for both absolute and relative RSRP measurement accuracy requirements). 
Based on the observations above, we can propose:
Proposal 1: To simplify RAN4 testing, the current RSRP requirement in [4] can be reused for SCE CRS-based RSRP measurement assuming 480ms measurement period with 3 measurement samples. 
4 Conclusion
In this contribution, we give the link level simulation results of CRS-based RSRP measurement for SCE with different measurement bandwidth and measurement periodicity.  

According to the simulation results and observations in Section 3 we have the following proposal:
Proposal 1: To simplify RAN4 testing, the current RSRP requirement in [4] can be reused for SCE CRS-based RSRP measurement assuming 480ms measurement period with 3 measurement samples.
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