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1. Introduction
In the RAN4#76 meeting,  LAA RRM measurement were discussed intensively. Although detailed DRS design is open in RAN1, there’s still some converged opinions in RAN4 , e.g. minimum bandwidth could be 5MHz. In this contribution, the RSRP and RSRQ simulation results for LAA single shot DRS with minimum bandwidth 5MHz are provided for initial analysis.
2. Discussion 
In the RAN1#82 meeting, RAN1 recommended the following evaluation list for LAA DRS design [1]:
· RRM measurement performance for DRS:

· Single shot cell detection performance

· Single shot RSRP measurement performance

· Candidate DRS structures with one or two CRS port(s):

· Rel-12 DRS for FDD

· 4 OFDM symbols: CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7)
Two candidate DRS structures [2] are described as following and simulation results will be listed in section 4. 

Case 1: Using 4 CRS symbols in a subframe, as shown in Figure 1.
Case 2: Using 2 CRS symbols by the FDD PSS and SSS symbols in a subframe, as shown in Figure 2.
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Figure 1. Case 1: Using 4 CRS symbols in a subframe.
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Figure2. Case 2: Using 2 CRS symbols in a subframe.
3. Simulation assumptions
The simulation assumptions are listed in Table 1. The measurement bandwidth is varying from 25RB to 100RB.
Table1: Simulation Parameters for RSRP and RSRQ measurement.
	Parameters
	Value
	Comments

	Measurement bandwidth
	25,50,100 RBs
	Both RSRP and RSSQ measured over 25,50,100 RB

	System bandwidth
	5MHz,10MHz,20MHz
	

	L3 filtering
	Disabled
	If L3 filtering is enabled, what other function should be added.

	Transmit antenna
	1
	

	Receive antennas
	2
	The receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	Baseline: 
	AWGN for alignment purposes

	CP Length
	Normal
	

	Frequency band
	5 GHz
	

	Ês/Iot
	-6 to +0 dB
	To be varied


4. Simulation results
4.1 RSRP and RSRQ simulation results for case 1
The RSRP and RSRQ measurement results for 4 CRS under the AWGN,EPA5.ETU30 channel are summarized in Table 2 and Table 3 respectively. 

Table 2. RSRP intra frequency absolute and relative accuracy evaluation (4 CRS symbols）
	Channel
	BW
	Delta RSRP [dB]

	
	
	SNR = -6dB
	SNR = -3dB
	SNR =0dB

	
	
	5%
	50%
	95%
	Relative
	5%
	50%
	95%
	Relative
	5%
	50%
	95%
	Relative

	AWGN
	5M
	-1.03
	0.73
	2.09
	±1.56
	-0.64
	0.45
	1.41
	±1.02
	-0.40
	0.30
	0.96
	±0.68

	
	10M
	-0.59
	0.54
	1.54
	±1.07
	-0.40
	0.32
	0.99
	±0.69
	-0.28
	0.19
	0.67
	±0.48

	
	20M
	-0.54
	0.37
	1.14
	±0.84
	-0.29
	0.22
	0.73
	±0.51
	-0.19
	0.14
	0.48
	±0.34

	EPA5
	5M
	-1.38
	0.40
	2.64
	±2.01
	-1.03
	0.13
	1.35
	±1.19
	-0.75
	0.07
	0.80
	±0.78

	
	10M
	-1.29
	0.16
	1.95
	±1.62
	-0.93
	0.03
	1.05
	±0.99
	-0.61
	0.00
	0.60
	±0.61

	
	20M
	-0.80
	-0.10
	1.29
	±1.05
	-0.54
	0.02
	0.68
	±0.61
	-0.36
	0.01
	0.44
	±0.40

	ETU30
	5M
	-2.37
	-0.30
	1.85
	±2.11
	-2.27
	-0.60
	0.73
	±1.50
	-2.10
	-0.65
	0.32
	±1.21

	
	10M
	-1.73
	-0.15
	1.16
	±1.45
	-1.41
	-0.28
	0.50
	±0.96
	-1.18
	-0.36
	0.23
	±0.71

	
	20M
	-1.02
	-0.01
	1.10
	±1.06
	-0.80
	-0.09
	0.60
	±0.70
	-0.60
	-0.12
	0.30
	±0.45


Table 3. RSRQ intra frequency absolute and relative accuracy evaluation (4 CRS symbols）
	Channel
	BW
	Delta RSRQ [dB]

	
	
	SNR = -6dB
	SNR = -3dB
	SNR =0dB

	
	
	5%
	50%
	95%
	Relative
	5%
	50%
	95%
	Relative
	5%
	50%
	95%
	Relative

	AWGN
	5M
	-1.03
	0.71
	2.06
	±1.55
	-0.63
	0.44
	1.39
	±1.01
	-0.40
	0.27
	0.95
	±0.68

	
	10M
	-0.60
	0.54
	1.54
	±1.07
	-0.43
	0.32
	0.99
	±0.71
	-0.27
	0.20
	0.65
	±0.46

	
	20M
	-0.54
	0.38
	1.11
	±0.83
	-0.30
	0.22
	0.73
	±0.52
	-0.19
	 0.13
	0.48
	±0.34

	EPA5
	5M
	-1.31
	0.41
	2.79
	±2.05
	-0.92
	0.16
	1.40
	±1.16
	-0.72
	0.09
	0.83
	±0.78

	
	10M
	-1.21
	0.17
	1.94
	±1.58
	-0.90
	0.06
	1.03
	±0.97
	-0.58
	0.03
	0.63
	±0.61

	
	20M
	-0.77
	0.11
	1.26
	±1.02
	-0.51
	0.03
	0.68
	±0.60
	-0.35
	0.01
	0.44
	±0.40

	ETU30
	5M
	-2.23
	-0.22
	1.90
	±2.07
	-2.19
	-0.53
	0.82
	±1.51
	-2.04
	-0.60
	0.32
	±1.18

	
	10M
	-1.70
	-0.11
	1.17
	±1.44
	-1.39
	-0.27
	0.50
	±0.95
	-1.14
	-0.34
	0.25
	±0.70

	
	20M
	-1.05
	-0.01
	1.13
	±1.09
	-0.78
	-0.07
	0.58
	±0.68
	-0.57
	-0.10
	0.31
	±0.44


Based on the exiting RAN4 requirement (absolute value of RSRP not larger than 2 dB, absolute value of RSRQ not larger than 3.5 dB) list in Table 9.1.2.1-1 and Table 9.1.5.1-1 of [3], simulation results show that the RSRP/RSRQ accuracy could be improved with increasing measurement bandwidth. One shot RRM measurement by one DRS occasion with 4 CRS symbols can almost meet the current requirement, except for some cases with bandwidth is 5MHz and SNR=-6dB. CRS port 1 and CSI-RS could be considered in the future for further performance improvement. 
Observation 1 : One shot RRM measurement by one DRS occasion with 4 CRS symbols can almost meet the current requirement, except for some cases with bandwidth is 5MHz and SINR=-6dB. CRS port 1 and CSI-RS could be considered in the future for further performance improvement. 
4.2 RSRP and RSRQ simulation results for case 2
The RSRP and RSRQ measurement results for 2 CRS under the AWGN,EPA5.ETU30 channel are summarized in Table 4 and Table 5 respectively. 

Table 4. RSRP intra frequency absolute and relative accuracy evaluation (2 CRS symbols）
	Channel
	BW
	Delta RSRP [dB]

	
	
	SNR = -6dB
	SNR = -3dB
	SNR =0dB

	
	
	5%
	50%
	95%
	Relative
	5%
	50%
	95%
	Relative
	5%
	50%
	95%
	Relative

	AWGN
	5M
	-1.56
	1.08
	2.77
	±2.17
	-0.82
	0.61
	1.93
	±1.38
	-0.60
	0.37
	1.32
	±0.96

	
	10M
	-1.11
	0.56
	2.24
	±1.68
	-0.70
	0.34
	1.52
	±1.11
	-0.46
	0.20
	1.00
	±0.73

	
	20M
	-0.68
	0.48
	1.53
	±1.11
	-0.41
	0.27
	0.96
	±0.69
	-0.27
	0.18
	0.66
	±0.47

	EPA5
	5M
	-1.03
	0.68
	3.35
	±2.19
	-1.08
	0.20
	1.60
	±1.34
	-0.68
	0.09
	1.00
	±0.84

	
	10M
	-0.92
	0.45
	2.18
	±1.55
	-0.61
	0.20
	1.31
	±0.96
	-0.50
	0.07
	0.72
	±0.61

	
	20M
	-1.16
	0.28
	2.60
	±1.88
	-0.87
	0.03
	1.26
	±1.07
	-0.75
	0.01
	0.70
	±0.73

	ETU30
	5M
	-2.28
	0.14
	2.63
	±2.46
	-2.16
	-0.44
	1.46
	±1.81
	-2.05
	-0.65
	0.66
	±1.36

	
	10M
	-1.74
	0.02
	1.58
	±1.66
	-1.39
	-0.24
	0.57
	±0.98
	-1.08
	-0.31
	0.29
	±0.69

	
	20M
	-1.21
	-0.04
	1.53
	±1.37
	-0.80
	-0.09
	0.91
	±0.86
	-0.59
	-0.10
	0.56
	±0.58


Table 5. RSRQ intra frequency absolute and relative accuracy evaluation (2 CRS symbols）
	Channel
	BW
	Delta RSRQ [dB]

	
	
	SNR = -6dB
	SNR = -3dB
	SNR =0dB

	
	
	5%
	50%
	95%
	Relative
	5%
	50%
	95%
	Relative
	5%
	50%
	95%
	Relative

	AWGN
	5M
	-1.50
	1.04
	2.80
	±2.15
	-0.92
	0.66
	1.96
	±1.44
	-0.65
	0.38
	1.35
	±1.00

	
	10M
	-1.09
	0.57
	2.23
	±1.66
	-0.72
	0.32
	1.49
	±1.11
	-0.48
	0.20
	0.99
	±0.74

	
	20M
	-0.73
	0.45
	1.50
	±1.12
	-0.49
	0.28
	0.94
	±0.72
	-0.30
	 0.17
	0.60
	±0.45

	EPA5
	5M
	-0.92
	0.74
	3.36
	±2.14
	-0.98
	0.31
	1.72
	±1.35
	-0.64
	0.16
	1.02
	±0.83

	
	10M
	-0.82
	0.49
	2.39
	±1.61
	-0.58
	0.26
	1.24
	±0.91
	-0.48
	0.15
	0.80
	±0.64

	
	20M
	-1.03
	0.33
	2.82
	±1.93
	-0.78
	0.09
	1.22
	±1.00
	-0.56
	0.01
	0.67
	±0.62

	ETU30
	5M
	-2.15
	0.23
	2.71
	±2.43
	-2.03
	-0.28
	1.40
	±1.72
	-2.01
	-0.49
	0.72
	±1.37

	
	10M
	-1.58
	0.11
	1.66
	±1.62
	-1.43
	-0.22
	0.60
	±1.02
	-1.08
	-0.31
	0.34
	±0.71

	
	20M
	-1.01
	-0.01
	1.84
	±1.43
	-0.74
	-0.11
	0.88
	±0.81
	-0.49
	-0.11
	0.58
	±0.54


Due to the less CRS RE used in case 2 than that in case 1, the performance of single shot RRM measurement by one DRS occasion with 2 CRS symbols is worse than that with 4 CRS symbols. Especially when SNR is -6dB, RSRP accuracy cannot meet current RAN4’s requirement. However due to LBT introduced in LAA, SNR should be better than that in SCE, e.g. SNR is -3dB, the single shot DRS with 2 CRS symbols can also meet the current RAN4’s requirement, however the final SINR range still needs further investigation. Meanwhile, more CRS port or CSI-RS could be considered for improvement if this DRS structure is applied for LAA. 
Observation 2 : The performance of single shot RRM measurement by one DRS occasion with 2 CRS symbols is worse than that with 4 CRS symbols. Therefore, more CRS port or CSI-RS could be considered for improvement if this DRS structure is applied for LAA.
5. Conclusions
In this proposal, the RSRP and RSRQ simulation results of LAA one short DRS are provided for initial analysis and observations are made as following:
Observation 1 : One shot RRM measurement by one DRS occasion with 4 CRS symbols can almost meet the current requirement, except for some cases with bandwidth is 5MHz and SINR=-6dB. CRS port 1 and CSI-RS could be considered in the future for further performance improvement. 
Observation 2 : The performance of single shot RRM measurement by one DRS occasion with 2 CRS symbols is worse than that with 4 CRS symbols. Therefore, more CRS port or CSI-RS could be considered for improvement if this DRS structure is applied for LAA. 
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