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Introduction
In RAN4 #76bis meeting, RAN4 has discussed the RRM part for WI “Licensed-Assisted Access to Unlicensed Spectrum”, and the simulation assumptions for cell identification with LAA were agreed in [1].
In this contribution, we provide the simulation results of cell detection performance for LAA according to the agreed assumptions.

Smulation Results
The detailed simulation assumptions are listed in Table A.1~4 in Annex A.
Following Table 1 ~ 3 show the simulation results of 90th percentile of cell detection delay for LAA under AWGN EPA5, and ETU30 repectively.
Table 1: Cell detection delay under AWGN (Unit: ms)
	SINR
Case #
	SINR = -6dB
	SINR = -5dB
	SINR = -4dB
	SINR = -3dB
	SINR = -2dB
	SINR = -1dB

	Case 1
	160
	160
	160
	160
	160
	160

	Case 2
	160
	160
	160
	160
	160
	160

	Case 3
	160
	160
	160
	160
	160
	160

	Case 4
	160
	160
	160
	160
	160
	160



Table 2: Cell detection delay under EPA5 (Unit: ms)
	SINR
Case #
	SINR = -6dB
	SINR = -5dB
	SINR = -4dB
	SINR = -3dB
	SINR = -2dB
	SINR = -1dB

	Case 1
	640
	640
	480
	480
	320
	320

	Case 2
	800
	640
	480
	480
	480
	320

	Case 3
	640
	480
	480
	480
	320
	320

	Case 4
	800
	640
	480
	480
	480
	320



Table 3: Cell detection delay under ETU30 (Unit: ms)
	SINR
Case #
	SINR = -6dB
	SINR = -5dB
	SINR = -4dB
	SINR = -3dB
	SINR = -2dB
	SINR = -1dB

	Case 1
	960
	800
	640
	480
	480
	320

	Case 2
	800
	640
	640
	480
	480
	320

	Case 3
	800
	640
	480
	480
	320
	320

	Case 4
	960
	640
	640
	480
	480
	320




Following Table 4 ~ 6 show the simulation results of cell identification probability for a given number of 1ms DRS occasions under AWGN EPA5, and ETU30 repectively.
Table 4: Successful identification probability for 1ms DRS occasion under AWGN
	SINR
Case #
	SINR = -6dB
	SINR = -5dB
	SINR = -4dB
	SINR = -3dB
	SINR = -2dB
	SINR = -1dB

	Case 1
	97%
	100%
	100%
	100%
	100%
	100%

	Case 2
	95%
	100%
	100%
	100%
	100%
	100%

	Case 3
	99%
	100%
	100%
	100%
	100%
	100%

	Case 4
	97%
	100%
	100%
	100%
	100%
	100%



Table 5: Successful identification probability for 1ms DRS occasion under EPA5
	SINR
Case #
	SINR = -6dB
	SINR = -5dB
	SINR = -4dB
	SINR = -3dB
	SINR = -2dB
	SINR = -1dB

	Case 1
	44%
	51%
	59%
	62%
	70%
	76%

	Case 2
	42%
	51%
	59%
	66%
	68%
	74%

	Case 3
	48%
	58%
	59%
	67%
	73%
	76%

	Case 4
	42%
	52%
	58%
	63%
	69%
	73%



Table 6: Successful identification probability for 1ms DRS occasion under ETU30
	SINR
Case #
	SINR = -6dB
	SINR = -5dB
	SINR = -4dB
	SINR = -3dB
	SINR = -2dB
	SINR = -1dB

	Case 1
	37%
	42%
	51%
	57%
	65%
	73%

	Case 2
	39%
	44%
	53%
	60%
	66%
	76%

	Case 3
	40%
	47%
	57%
	59%
	69%
	76%

	Case 4
	35%
	43%
	51%
	61%
	67%
	74%




Based on the above simulation results, it can be observed:
· Since a DRS occasion is transmitted every 160 ms, for meeting legacy requirement 600ms, the UE need to detect the cell with LAA in 3 DRS occasions.
· For AWGN channel, the cell detection delay can meet the 600ms requirement when SINR ≥ -6dB.
· For EPA5 channel, the cell detection delay can meet the 600ms requirement when SINR ≥ -4dB.
· For ETU30 channel, the cell detection delay can meet the 600ms requirement when SINR ≥ -3dB.
· When the successful identification probability for 1ms DRS occasion is larger than round 55%, the cell detection delay for LAA can meet the 600ms requirement.

The above observations are summarized as:
Observation 1: Cell detection delay for LAA with 160ms DRS occasion interval can meet the 600ms legacy requirement when SINR ≥ -3dB.
Observation 2: To meet the 600ms requirement, the successful identification probability for a DRS occasion should be larger than 55%.


Conclusion
In this contribution, we provide the simulation results of cell detection performance for LAA. Based on the simulation results, below observations are summarized.
Observation 1: Cell detection delay for LAA with 160ms DRS occasion interval can meet the 600ms legacy requirement when SINR ≥ -3dB.
Observation 2: To meet the 600ms requirement, the successful identification probability for a DRS occasion should be larger than 55%.
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Annex A: Simulation Assumptions
Table A.1: Simulation parameters for cell identification on unlicensed carrier
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1
	Channel 1

	Cell Identifier
	-
	known to UE
	known to UE 
	unknown to UE, to be identified

	Data and Control PSD relative to RS PSD
	dB
	0
	0
	0

	PSS and SSS PSD relative to RS PSD
	dB
	0
	0
	0

	Carrier frequency
	GHz
	5
	5
	5

	PSS/SSS transmission bandwidth
	Number of RB’s
	6
	6
	6

	CP Length
	-
	Normal
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0
	0

	Relative Delay of 1st Path (synchronous)
	ms
	0
	0
	CP/2

	Es/Noc
	dB
	-0.25 dB
	1 dB
	{-1,0,1,2,3,4} dB
(Es/Iot= {-6,-5,-4,-3,-2,-1} dB)

	PSS Sequence ID
	-
	See Table A.3, A.4
	See Table A.3, A.4
	See Table A.3, A.4

	SSS Sequence ID
	-
	See Table A.3, A.4
	See Table A.3, A.4
	See Table A.3, A.4

	PSS/SSS configuration
	
	Rel-12 PSS/SSS configuration

	Propagation Condition
	-
	AWGN, EPA5, ETU30

	Noc Model
	-
	AWGN

	DRS occasion periodicity (M)
	ms
	A DRS occasion is transmitted every 160 ms

	DRS occasion duration (N)
	-
	A DRS occasion for a cell comprises 1 subframe (N=1).

	DRS availability
	-
	DRS is present in all DRS occasions

	L1 measurement period
	-
	i*160 ms, where
· i=1 (single shot) 
· i=2 and i=3 (multi-shot)

	NOTE :	Noc value doesn’t include the three simulated eNB signals’ power



Table A.2: Other simulation assumption parameters for cell identification
	Simulation parameters
	Comments/values

	False detect threshold 
	Required as in a real UE implementation

	UE having apriori knowledge of system being synchronous or asynchronous (by signaling)
	No

	DRX
	No

	Performance criterion for comparison
	90th percentile acquisition time for “correct” cell detection of both PSS and SSS sequence id.

	CP length detection
	Both short or long CP may be present, hence UE needs to detect CP length

	UE receive antennas
	2  (uncorrelated)



Table A.3: Cell ID Combinations to be simulated
	
case #
	Cell 3
(Desired Cell)
	Cell 1
(Interferer 1) 
	Cell 2
(Interferer 2)
	Scenario

	 1
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	2
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	3
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	4
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous



Table A.4: PSC, SSC indices for simulations
	Label
	Code index

	psc1
	29

	psc2
	25

	psc3
	34



	Label
	Code index
	Cell group index 

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65
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