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1	Introduction
Based on RAN1 agreements in RAN1#78[1], DRS based RSRQ measurement was introduced for small cell discovery with definition as below:
· For DRS-based RSSI measurement, 
· Discovery RSSI (DRSSI) is measured over all OFDM symbols in DL part of measurement subframes within DRS occasion
· For DRS-based RSRQ measurement, 
· DRSRQ = N×DRSRP/DRSSI, where N is the number of RB’s of the DRSSI measurement bandwidth.
· CSI-RS-based RSRQ measurement is not specified

In last RAN4 meeting, it was agreed that for CRS based RSRP measurement [2]:
· CRS based RSRP measurement assuming keeping the Rel-8 RSRP measurement accuracy unchanged when Es/Iot≥-6dB
· CRS based RRM measurement time:
	Measurement BWs
	Number of DRS occasions (i×160ms)

	≥6PRB
	5

	≥25PRB
	3


In this contribution, we provide evaluation results for CRS based RSRQ measurement and verify the feasibility of applying above agreements for DRS-RSRQ measurement.
2 Analysis 
2.1 Simulation assumption
The detailed simulation assumption was agreed in [3].
Several cases with different combination of parameters as listed below are evaluated.
· SNR: {-6,-3,0}dB
· Measurement bandwidths: {6RB,25RB}
· Fading channel:AWGN,EPA5Hz,ETU30Hz
· Measure period: i*160ms (i=1,3,5)
· DRS occasion:1SF
2.2 Simulation results
Absolute DRS-RSRQ  
The detailed simulation results with the 5-percentile, 50-percentile, 95-percentile distribution and 90% absolute DRS-RSRQ accuracy are given in table 1 and table 2 for 6RB and 25RB cases.
Table 1: Absolute DRS-RSRQ accuracy results under 6RB
	　
	AWGN
	EPA5Hz
	ETU30Hz

	SNR[dB]
	5%
	50%
	95%
	5%~95%
	90% 
	5%
	50%
	95%
	5%~95%
	90% 
	5%
	50%
	95%
	5%~95%
	90% 

	Number of samples =1(160ms)

	-6
	-1.4
	1.8
	3.5
	4.9
	3.5
	-2.4
	0.8
	5.3
	7.7
	5.3
	-2.8
	0.5
	3.6
	6.4
	3.6

	-3
	-1.1
	1.1
	2.4
	3.5
	2.4
	-2.1
	0.3
	3.3
	5.4
	3.3
	-2.7
	-0.1
	2.1
	4.8
	2.7

	0
	-0.7
	0.7
	1.7
	2.4
	1.7
	-1.7
	0.1
	2
	3.6
	2
	-2.4
	-0.3
	1.2
	3.5
	2.4

	Number of samples =3(480ms)

	-6
	-0.5
	1.3
	2.7
	3.2
	2.7
	-2.3
	0.3
	2.1
	4.4
	2.3
	-2.8
	0
	1.8
	4.6
	2.8

	-3
	-0.4
	0.8
	1.8
	2.1
	1.8
	-1.3
	0.1
	1.3
	2.6
	1.3
	-1.8
	-0.2
	1
	2.8
	1.8

	0
	-0.2
	0.5
	1.2
	1.4
	1.2
	-0.8
	0.1
	0.8
	1.6
	0.8
	-1.4
	-0.3
	0.5
	1.9
	1.4

	  Number of samples =5(800ms)

	-6
	-0.1
	1.4
	2.4
	2.5
	2.4
	-1.7
	0.2
	1.6
	3.3
	1.7
	-2
	-0.1
	1.3
	3.3
	2

	-3
	0
	0.9
	1.6
	1.6
	1.6
	-0.9
	0.1
	1
	1.9
	1
	-1.4
	-0.3
	0.7
	2.1
	1.4

	0
	-0.1
	0.4
	1.1
	1.2
	1.1
	-0.6
	0
	0.6
	1.2
	0.6
	-1.1
	-0.3
	0.3
	1.4
	1.1



Table 2: Absolute DRS- RSRQ accuracy results under 25RB
	　
	AWGN
	EPA5Hz
	ETU30Hz

	SNR[dB]
	5%
	50%
	95%
	5%~95%
	90% 
	5%
	50%
	95%
	5%~95%
	90% 
	5%
	50%
	95%
	5%~95%
	90% 

	Number of samples =1(160ms)

	-6
	-0.9
	0.7
	2
	2.9
	2
	-1.7
	0.2
	2.2
	3.9
	2.2
	-2.3
	-0.1
	1.5
	3.8
	2.3

	-3
	-0.6
	0.4
	1.3
	1.9
	1.3
	-1.2
	0.1
	1.3
	2.5
	1.3
	-1.8
	-0.3
	0.8
	2.6
	1.8

	0
	-0.4
	0.3
	0.9
	1.2
	0.9
	-0.8
	0
	0.8
	1.6
	0.8
	-1.5
	-0.4
	0.4
	1.9
	1.5

	Number of samples =3(480ms)

	-6
	-0.2
	0.7
	1.5
	1.7
	1.5
	-0.9
	0.1
	1.1
	2
	1.1
	-1.4
	-0.2
	0.7
	2.1
	1.4

	-3
	-0.2
	0.4
	0.9
	1.1
	0.9
	-0.6
	0.1
	0.6
	1.2
	0.6
	-1.1
	-0.4
	0.3
	1.4
	1.1

	0
	-0.1
	0.3
	0.6
	0.7
	0.6
	-0.4
	0
	0.4
	0.8
	0.4
	-1
	-0.4
	0.1
	1
	1

	Number of samples =5(800ms)

	-6
	0
	0.7
	1.3
	1.3
	1.3
	0.1
	0.8
	1.5
	0.8
	-0.7
	-1.1
	-0.2
	0.5
	1.6
	1.1

	-3
	0
	0.4
	0.8
	0.9
	0.8
	0.1
	0.5
	0.9
	0.5
	-0.4
	-1
	-0.4
	0.2
	1.1
	1

	0
	0
	0.3
	0.5
	0.6
	0.5
	0
	0.3
	0.6
	0.3
	-0.3
	-0.8
	-0.4
	-0.1
	0.8
	0.8



Relative DRS-RSRQ 
The detailed simulation results with the 5-percentile, 50-percentile, 95-percentile distribution and 90% relative DRS-RSRQ accuracy are given in table 3 and table 4 for 6RB and 25RB cases.
Table 3: Relative DRS-RSRQ accuracy results under 6RB
	　
	AWGN
	EPA5Hz
	ETU30Hz

	SNR[dB]
	5%
	50%
	95%
	5%~95%
	90% 
	5%
	50%
	95%
	5%~95%
	90% 
	5%
	50%
	95%
	5%~95%
	90% 

	Number of samples =1(160ms)

	-6
	-1.7
	0.2
	2.2
	3.9
	2.2
	-5.4
	0
	5.5
	10.9
	5.5
	-4.6
	0
	4.5
	9
	4.6

	-3
	-1.2
	0.1
	1.3
	2.5
	1.3
	-3.9
	0
	3.9
	7.9
	3.9
	-3.4
	0
	3.4
	6.8
	3.4

	0
	-0.8
	0
	0.8
	1.6
	0.8
	-2.7
	0
	2.7
	5.4
	2.7
	-2.5
	0
	2.5
	5
	2.5

	Number of samples =3(480ms)

	-6
	-0.9
	0.1
	1.1
	2
	1.1
	-3.2
	0
	3.2
	6.4
	3.2
	-3.3
	0
	3.2
	6.5
	3.3

	-3
	-0.6
	0.1
	0.6
	1.2
	0.6
	-1.9
	0
	1.8
	3.7
	1.9
	-2
	0
	2
	4
	2

	0
	-0.4
	0
	0.4
	0.8
	0.4
	-1.2
	0
	1.2
	2.4
	1.2
	-1.4
	0
	1.3
	2.7
	1.4

	  Number of samples =5(800ms)

	-6
	-0.7
	0.1
	0.8
	1.5
	0.8
	-2.4
	0
	2.4
	4.7
	2.4
	-2.4
	0
	2.5
	4.9
	2.5

	-3
	-0.4
	0.1
	0.5
	0.9
	0.5
	-1.3
	0
	1.3
	2.6
	1.3
	-1.5
	0
	1.5
	2.9
	1.5

	0
	-0.3
	0
	0.3
	0.6
	0.3
	-0.9
	0
	0.9
	1.7
	0.9
	-1
	0
	1
	2
	1



Table 4: Relative DRS-RSRQ accuracy results under 25RB
	　
	AWGN
	EPA5Hz
	ETU30Hz

	SNR[dB]
	5%
	50%
	95%
	5%~95%
	90% 
	5%
	50%
	95%
	5%~95%
	90% 
	5%
	50%
	95%
	5%~95%
	90% 

	Number of samples =1(160ms)

	-6
	-2.1
	0
	2.1
	4.2
	2.1
	-1.7
	0.2
	2.2
	3.9
	2.2
	-2.7
	0
	2.7
	5.4
	2.7

	-3
	-1.4
	0
	1.3
	2.7
	1.4
	-1.2
	0.1
	1.3
	2.5
	1.3
	-1.9
	0
	1.9
	3.8
	1.9

	0
	-0.9
	0
	0.9
	1.7
	0.9
	-0.8
	0
	0.8
	1.6
	0.8
	-1.3
	0
	1.3
	2.7
	1.3

	Number of samples =3(480ms)

	-6
	-1.2
	0
	1.2
	2.4
	1.2
	-0.9
	0.1
	1.1
	2
	1.1
	-1.5
	0
	1.5
	3
	1.5

	-3
	-0.8
	0
	0.8
	1.5
	0.8
	-0.6
	0.1
	0.6
	1.2
	0.6
	-1
	0
	1
	2
	1

	0
	-0.5
	0
	0.5
	1
	0.5
	-0.4
	0
	0.4
	0.8
	0.4
	-0.7
	0
	0.7
	1.4
	0.7

	Number of samples =5(800ms)

	-6
	-0.9
	0
	0.9
	1.9
	0.9
	-0.7
	0.1
	0.8
	1.5
	0.8
	-1.2
	0
	1.2
	2.4
	1.2

	-3
	-0.6
	0
	0.6
	1.2
	0.6
	-0.4
	0.1
	0.5
	0.9
	0.5
	-0.8
	0
	0.8
	1.6
	0.8

	0
	-0.4
	0
	0.4
	0.8
	0.4
	-0.3
	0
	0.3
	0.6
	0.3
	-0.6
	0
	0.6
	1.1
	0.6



RSRQ accuracy comparison with legacy Rel.8 performance 
Table 5 and 6 below summarizes the 90% absolute and relative RSRQ accuracy under SNR point -6dB and measurement BWs {6RB, 25RB} across all channel models.
Table 5: 90% absolute RSRQ accuracy with different configurations
	Measurement BWs
	6 RB
	25 RB

	SNR[dB]
	N=1
	N =3
	N =5
	N=1
	N =3
	N =5

	-6
	3.6
	2.8
	2.4
	2.3
	1.5
	1.3



Table 6: 90% relative RSRQ accuracy with different configurations
	Measurement BWs
	6 RB
	25 RB

	SNR[dB]
	N=1
	N =3
	N =5
	N=1
	N =3
	N =5

	-6
	4.6
	3.3
	2.5
	2.7
	1.5
	1.2



Following the general methodology for CRS-RSRP measurement as agreed in last meeting, DRS-RSRQ measurement accuracy can be defined with a scalable way based on number of DRS samples and measurement bandwidth. 
Based on the simulation results and the observation, we can conclude that: 
· Under SINR =-6dB with 6RB, Rel.8 requirements can be fulfilled with N =5 DRS samples with 1.1dB margin
· Under SINR =-6dB with 25RB, Rel.8 requirements can be fulfilled with N =3 DRS samples with 2.0dB margin.

Observation 1: For DRS RSRQ measurement, with N=5, 3 DRS samples for 6RB and 25 RB measurement BWs, Rel.8 requirements can be fulfilled with enough margin.
3 Conclusion
In this contribution, we provide the simulation results and analysis for DRS-RSRQ measurement accuracy.
Our observation is:
Observation 1: For DRS RSRQ measurement, with N=5, 3 DRS samples for 6RB and 25 RB measurement BWs, Rel.8 requirements can be fulfilled with enough margin.
Based on the observation, it’s feasible to reuse the agreements for DRS-RSRP measurement to defining DRS-RSRQ accuracy.
Proposal1: The Rel-8 RSRQ measurement accuracy can be reused when Es/Iot≥-6dB for DRS based RSRQ measurement with below measurement time
	Measurement BWs
	Number of DRS occasions (i×160ms)

	≥6PRB
	5

	≥25PRB
	3
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