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1 Introduction

In this paper, we present the simulation results for DRS based RSRQ measurement accuracy under small cell enhancement with agreed simulation assumptions[1].
2 Simulation assumption
2.1 CRS based RSRQ measurement

A UE may assume that all DL subframes and DwPTS region of subframe in a DRS occasion are available for CRS as DRS based measurements. The parameters in table 1 are all for simulation purpose.
· Side conditions

The SNR side condition for CRS based RSRQ could reuse the legacy CRS measurement side condition.
· SNR: {-10, -8, -6, -3, 0} dB
· DRS occasion

· A DRS occasion for a cell comprises {1(baseline), 3 (optional) ,5(optional)} subframes
· All DL subframes carry CRS signal

· A DRS occasion for a cell is transmitted every M ms

· Candidate values for M are 160

· Measurement bandwidth

· Measurement bandwidth：{6RBs, 25RBs, 50RBs}
· Measurement period

· Measurement period: i*160ms, i={1,3,5}
Table 1: Simulation parameters for CRS RSRQ 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 
	- 
	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.


2.2 Performance Metrics

The CDF curves are to be provided for:
Delta CRS-RSRQ   = (estimated CRS-RSRQ – ideal CRS-RSRQ) 
[dB]  

3 Simulation results

In the following simulation results, DRS occasion duration(N) is used with 1.  
3.1 CRS based RSRQ measurement
Table 3, Table4 and Table 5 show delta CRS-RSRQ in the measurement bandwidth of 6RB, 25RB  and 50RB  respectively. It is highlighted with green color for the value  meeting the current CRS-based requirements of inter frequency in SNR of -6dB and -3dB.
Table 3. CRS based RSRQ measurement accuracy with measurement bandwidth of 6RB

	Propagation condition
	Reference SNR[dB]
	Measurement Period(i*160ms),i
	50%
	5%
	95%
	Relative accuracy                      [5%-50%, 95%-50%]

	AWGN
	-6
	1
	1.61 
	-0.27 
	3.68 
	-1.88 
	2.07 

	
	
	3
	1.45 
	0.32 
	2.71 
	-1.13 
	1.25 

	
	
	5
	1.39 
	0.51 
	2.36 
	-0.88 
	0.97 

	
	-3
	1
	1.27 
	-0.44 
	3.25 
	-1.70 
	1.98 

	
	
	3
	1.14 
	0.13 
	2.27 
	-1.01 
	1.14 

	
	
	5
	1.07 
	0.30 
	1.96 
	-0.78 
	0.89 

	EPA5
	-6
	1
	1.73 
	-4.29 
	6.19 
	-6.01 
	4.46 

	
	
	3
	1.64 
	-1.49 
	4.49 
	-3.13 
	2.85 

	
	
	5
	1.59 
	-0.85 
	3.83 
	-2.44 
	2.24 

	
	-3
	1
	1.41 
	-4.69 
	5.51 
	-6.10 
	4.10 

	
	
	3
	1.22 
	-1.78 
	3.85 
	-3.00 
	2.63 

	
	
	5
	1.12 
	-1.15 
	3.23 
	-2.27 
	2.11 

	ETU30
	-6
	1
	1.11 
	-3.58 
	5.32 
	-4.69 
	4.22 

	
	
	3
	1.02 
	-1.58 
	3.61 
	-2.60 
	2.58 

	
	
	5
	0.94 
	-1.12 
	3.01 
	-2.06 
	2.07 

	
	-3
	1
	0.65 
	-4.03 
	4.76 
	-4.68 
	4.11 

	
	
	3
	0.59 
	-2.03 
	3.06 
	-2.62 
	2.47 

	
	
	5
	0.48 
	-1.49 
	2.53 
	-1.98 
	2.05 


Table 4. CRS based RSRQ measurement accuracy with measurement bandwidth of 25RB

	Propagation condition
	Reference SNR[dB]
	Measurement Period(i*160ms),i
	50%
	5%
	95%
	Relative accuracy                      [5%-50%, 95%-50%]

	AWGN
	-6
	1
	0.71 
	-0.93 
	2.68 
	-1.65 
	1.97 

	
	
	3
	0.59 
	-0.40 
	1.72 
	-0.99 
	1.13 

	
	
	5
	0.52 
	-0.23 
	1.41 
	-0.75 
	0.89 

	
	-3
	1
	0.74 
	-0.84 
	2.68 
	-1.58 
	1.93 

	
	
	3
	0.61 
	-0.32 
	1.71 
	-0.94 
	1.10 

	
	
	5
	0.55 
	-0.19 
	1.40 
	-0.74 
	0.85 

	EPA5
	-6
	1
	1.03 
	-4.20 
	5.45 
	-5.23 
	4.42 

	
	
	3
	0.92 
	-1.78 
	3.90 
	-2.70 
	2.97 

	
	
	5
	0.87 
	-1.24 
	3.22 
	-2.11 
	2.35 

	
	-3
	1
	0.92 
	-3.92 
	5.30 
	-4.84 
	4.38 

	
	
	3
	0.84 
	-1.82 
	3.76 
	-2.66 
	2.92 

	
	
	5
	0.79 
	-1.30 
	3.12 
	-2.09 
	2.33 

	ETU30
	-6
	1
	0.37 
	-3.17 
	3.81 
	-3.54 
	3.44 

	
	
	3
	0.21 
	-1.83 
	2.32 
	-2.04 
	2.12 

	
	
	5
	0.11 
	-1.47 
	1.78 
	-1.58 
	1.67 

	
	-3
	1
	0.25 
	-3.05 
	3.47 
	-3.29 
	3.22 

	
	
	3
	0.10 
	-1.85 
	2.08 
	-1.95 
	1.97 

	
	
	5
	0.01 
	-1.52 
	1.59 
	-1.53 
	1.58 


Table 5. CRS based RSRQ measurement accuracy with measurement bandwidth of 50RB

	Propagation condition
	Reference SNR[dB]
	Measurement Period(i*160ms),i
	50%
	5%
	95%
	Relative accuracy                      [5%-50%, 95%-50%]

	AWGN
	-6
	1
	0.83 
	-0.75 
	2.72 
	-1.58 
	1.89 

	
	
	3
	0.68 
	-0.28 
	1.79 
	-0.96 
	1.11 

	
	
	5
	0.63 
	-0.12 
	1.51 
	-0.75 
	0.88 

	
	-3
	1
	0.64 
	-0.92 
	2.57 
	-1.55 
	1.93 

	
	
	3
	0.52 
	-0.44 
	1.59 
	-0.95 
	1.08 

	
	
	5
	0.47 
	-0.29 
	1.29 
	-0.75 
	0.83 

	EPA5
	-6
	1
	1.01 
	-3.51 
	5.32 
	-4.51 
	4.31 

	
	
	3
	0.94 
	-1.51 
	3.72 
	-2.45 
	2.78 

	
	
	5
	0.89 
	-1.06 
	3.10 
	-1.94 
	2.21 

	
	-3
	1
	0.83 
	-3.67 
	5.01 
	-4.50 
	4.19 

	
	
	3
	0.73 
	-1.72 
	3.52 
	-2.45 
	2.79 

	
	
	5
	0.69 
	-1.25 
	2.85 
	-1.94 
	2.17 

	ETU30
	-6
	1
	0.47 
	-2.26 
	3.56 
	-2.73 
	3.09 

	
	
	3
	0.36 
	-1.30 
	2.21 
	-1.66 
	1.85 

	
	
	5
	0.29 
	-1.05 
	1.73 
	-1.34 
	1.44 

	
	-3
	1
	0.26 
	-2.53 
	3.11 
	-2.79 
	2.85 

	
	
	3
	0.10 
	-1.54 
	1.83 
	-1.64 
	1.74 

	
	
	5
	0.02 
	-1.29 
	1.35 
	-1.31 
	1.33 


Table 6. Absolute and relative measurement accuracy of RSRP and RSRQ
	
	Intra-frequency
	Inter-frequency

	
	RSRP
	RSRQ
	RSRP
	RSRQ

	SNR
	Absolute
	Relative
	Absolute
	Relative
	Absolute
	Relative
	Absolute
	Relative

	-6
	±6
	±3
	±3.5
	N/A
	±6
	±6
	±3.5
	±4

	-3
	
	±2
	±2.5
	
	
	
	±2.5
	±3


When comparing the simulation results with the current absolute and relative RSRQ measurement requirement  at SNR of -6dB, we can propose as below . 

· Proposal 1: For CRS based RSRQ measurement accuracy, side condition can be considered with SNR of -6dB.
· Proposal 2: For CRS based RSRQ measurement accuracy, the same measurement period for RSRP measurement can be considered(5xDMTC_period for 6RB, 3xDMTC_period for  equal to or larger than 25RB).
4 Conclusion
In this paper, we provided simulation results of a DRS based RSRQ measurement accuracy. From simulation results, we proposed as below . 

· Proposal 1: For CRS based RSRQ measurement accuracy, side condition can be considered with SNR of -6dB.
· Proposal 2: For CRS based RSRQ measurement accuracy, the same measurement period for RSRP measurement can be considered(5xDMTC_period for 6RB, 3xDMTC_period for  equal to or larger than 25RB).
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