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1 Introduction

In RAN4 #59AH, the side condition for cell identification was discussed in [1-8]. At last, one WF [9] was achieved. In [9], the following suggestions were given.

· Cell Identification side condition

· Current requirements: Target cell SNR = -4 dB; interfering cell SNR = [1] dB

· Propose to further evaluate cell identification performance until RAN4 #60 on following settings:

· Interfering cell SNR = [1,2,3,4,5] dB

· Target latency [800, 1200, TBD] ms for acquisition.

· Sensitivity to following parameters could be further investigated: X = # of PSS/5ms, Y = # of SSS/PSS,  Z = # of peaks kept/5ms

In this contribution, based on the above assumptions, cell identification latency is further investigated by the means of link level simulation.  And, the corresponding side condition is proposed. 
2 Simulation Assumptions 
All simulation assumptions and scenarios are represented here. In the following, the simulations are done respectively for AWGN, PA5, ETU30 and ETU70. 
Table 1: Link Simulation Parameters

	Parameter
	Unit
	Cell 1
	Cell 2

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1

	Cell type
	
	Aggressor
	To be identified

	Cell Identifier
	
	unknown to UE
	unknown to UE

	Data and Control PSD relative to RS PSD
	dB
	0
	0

	P-SCH and S-SCH PSD relative to RS PSD
	dB
	0
	0

	System bandwidth
	
	6
	6

	RB Utilization
	%
	100
	100

	Data Modulation
	-
	QPSK
	QPSK

	Frame Structure Type
	-
	1
	1

	DRX
	
	OFF
	OFF

	CP Length
	-
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

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

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	μs
	0
	3.0 ms

	SNR
	dB
	1, 2, 3, 4, 5
	-4

	Number of Tx antennas
	-
	1
	1

	TDD Uplink-downlink configuration
	
	1
	1

	TDD Special sub-frame configuration
	
	4
	4

	Number of Rx antennas (uncorrelated with equal gain)
	
	2
	2

	Propagation conditions
	
	AWGN, PA5, ETU30, ETU70


Table 2: SSS sequences in different cells

	case #
	Cell 2

(Desired Cell)
	Cell 1

(Interferer 1) 
	Scenario

	 1
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	Synchronous

	2
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	Synchronous

	3
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	Synchronous

	4
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	Synchronous

	 5
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	Asynchronous

	6
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	Asynchronous

	7
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	Asynchronous

	8
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	Asynchronous


Table 3: PSS, SSS indices for simulations

	Label
	Code index
	Cell group index

	psc1
	29
	-

	psc2
	25
	-

	psc3
	34
	-

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65


3 Simulation Results 

The interference cell SNR is assumed to change from 1dB to 5dB respectively. The serving cell (cell2) SNR is assumed as -4dB.  In the case 1, 2, 3, and 4, the cell id of cell 2 is assumed 113, 112, 196 and 110 respectively. The simulation time is assumed 10 seconds.  In the following tables, “-1” represents the cell is not identified during the simulation time of 10 seconds.  Based on the above assumptions, the times to identify cell 2 are provided in table 4-table 7.
Table 4: Cell 2 Identification delay in AWGN

	
	#PSS/5ms #SSS/5ms
	Delay (us)
	SNR1
	SNR2
	Percentage 90
	Mean

	
	
	
	
	
	case 1
	case 2
	case 3
	case 4
	case 1
	case 2
	case 3
	case 4

	
	1PSS/5ms 1SSS/5ms
	2.5
	1
	-4
	20
	35
	15
	10
	12.05
	17.75
	7.2
	5.775

	
	
	2.5
	2
	-4
	40
	110
	20
	10
	18.85
	48.55
	10.65
	6.675

	
	
	2.5
	3
	-4
	60
	440
	50
	15
	27.95
	194.75
	24.625
	9.1

	
	
	2.5
	4
	-4
	80
	-1
	135
	30
	43.975
	-1
	69.075
	13.525

	
	
	2.5
	5
	-4
	230
	-1
	1255
	65
	103.55
	-1
	520.85
	30.8

	
	1PSS/20ms 1SSS/20ms
	2.5
	1
	-4
	80
	140
	60
	40
	48.7
	69.3
	30
	24.4

	
	
	2.5
	2
	-4
	120
	460
	80
	40
	71
	206.3
	43
	26.5

	
	
	2.5
	3
	-4
	240
	1940
	200
	60
	111.9
	791.7
	96.6
	34.5

	
	
	2.5
	4
	-4
	360
	-1
	660
	120
	189.9
	-1
	331.4
	55.9

	
	
	2.5
	5
	-4
	920
	-1
	5020
	260
	414.2
	-1
	2083.4
	123.2

	
	1PSS/40ms 1SSS/40ms
	2.5
	1
	-4
	160
	280
	120
	80
	97.4
	138.6
	60
	48.8

	
	
	2.5
	2
	-4
	240
	920
	160
	80
	142
	412.6
	86
	53

	
	
	2.5
	3
	-4
	480
	3880
	400
	120
	223.8
	1583.4
	193.2
	69

	
	
	2.5
	4
	-4
	720
	-1
	1320
	240
	379.8
	-1
	662.8
	111.8

	
	
	2.5
	5
	-4
	1840
	-1
	10040
	520
	828.4
	-1
	4166.8
	246.4


Table 5: Cell 2 Identification delay in PA5
	
	#PSS/5ms #SSS/5ms
	Delay (us)
	SNR1
	SNR2
	Percentage 90
	Mean

	
	
	
	
	
	case 1
	case 2
	case 3
	case 4
	case 1
	case 2
	case 3
	case 4

	
	1PSS/5ms 1SSS/5ms
	2.5
	1
	-4
	90
	95
	90
	95
	35.85
	37.125
	32.875
	35.45

	
	
	2.5
	2
	-4
	125
	135
	95
	120
	49.075
	47.95
	39.8
	45.55

	
	
	2.5
	3
	-4
	170
	160
	160
	150
	65.25
	63.75
	55.875
	58.85

	
	
	2.5
	4
	-4
	220
	180
	170
	195
	82.725
	74.4
	64.6
	75.025

	
	
	2.5
	5
	-4
	255
	250
	195
	230
	100.725
	92.35
	81.525
	96.925

	
	1PSS/20ms 1SSS/20ms
	2.5
	1
	-4
	380
	360
	340
	380
	157.7
	146.1
	126.1
	154

	
	
	2.5
	2
	-4
	560
	480
	360
	500
	202.1
	182.3
	141.1
	171

	
	
	2.5
	3
	-4
	660
	660
	580
	640
	246.7
	246.6
	196.6
	228.1

	
	
	2.5
	4
	-4
	840
	740
	600
	760
	331
	304.5
	240.2
	300.5

	
	
	2.5
	5
	-4
	1060
	920
	680
	900
	432.8
	369.7
	279.7
	349.9

	
	1PSS/40ms 1SSS/40ms
	2.5
	1
	-4
	720
	760
	720
	760
	286.8
	297
	263
	283.6

	
	
	2.5
	2
	-4
	1000
	1080
	760
	960
	392.6
	383.6
	318.4
	364.4

	
	
	2.5
	3
	-4
	1360
	1280
	1280
	1200
	522
	510
	447
	470.8

	
	
	2.5
	4
	-4
	1760
	1440
	1360
	1560
	661.8
	595.2
	516.8
	600.2

	
	
	2.5
	5
	-4
	1920
	1960
	1480
	1680
	837.8
	743.2
	605.6
	702.8


Table 6: Cell 2 Identification delay in ETU30
	
	#PSS/5ms #SSS/5ms
	Delay (us)
	SNR1
	SNR2
	Percentage 90
	Mean

	
	
	
	
	
	case 1
	case 2
	case 3
	case 4
	case 1
	case 2
	case 3
	case 4

	
	1PSS/5ms 1SSS/5ms
	2.5
	1
	-4
	105
	105
	75
	90
	48.45
	47.5
	30.925
	39.825

	
	
	2.5
	2
	-4
	120
	130
	105
	105
	56.675
	58.15
	46.275
	49.7

	
	
	2.5
	3
	-4
	185
	180
	125
	135
	78.925
	81.95
	58.6
	65.6

	
	
	2.5
	4
	-4
	235
	305
	190
	215
	111.775
	130.975
	81.375
	92.275

	
	
	2.5
	5
	-4
	390
	435
	275
	245
	164.25
	199.825
	117.05
	104.375

	
	1PSS/20ms 1SSS/20ms
	2.5
	1
	-4
	380
	480
	380
	340
	171.4
	220.1
	155.6
	149.8

	
	
	2.5
	2
	-4
	460
	620
	440
	380
	218.4
	278.6
	191.7
	181

	
	
	2.5
	3
	-4
	600
	900
	580
	500
	294.1
	406.9
	281.5
	242.3

	
	
	2.5
	4
	-4
	960
	1200
	900
	660
	391.5
	559
	393.4
	293.9

	
	
	2.5
	5
	-4
	1420
	2120
	1260
	1080
	651.8
	939.1
	530
	457

	
	1PSS/40ms 1SSS/40ms
	2.5
	1
	-4
	920
	880
	600
	760
	419.2
	403
	284.6
	327.2

	
	
	2.5
	2
	-4
	1160
	1240
	760
	880
	489.2
	520.6
	355
	369.6

	
	
	2.5
	3
	-4
	1280
	1760
	1240
	1200
	605
	715.6
	534.4
	519.6

	
	
	2.5
	4
	-4
	2040
	2680
	1320
	1640
	897.6
	1094
	565.8
	685.4

	
	
	2.5
	5
	-4
	2680
	3400
	2200
	2080
	1213.2
	1486.4
	970.8
	877.8


Table 7: Cell 2 Identification delay in ETU70
	
	#PSS/5ms #SSS/5ms
	Delay (us)
	SNR1
	SNR2
	Percentage 90
	Mean

	
	
	
	
	
	case 1
	case 2
	case 3
	case 4
	case 1
	case 2
	case 3
	case 4

	
	1PSS/5ms 1SSS/5ms
	2.5
	1
	-4
	80
	90
	70
	70
	34.95
	39.05
	28.425
	31.375

	
	
	2.5
	2
	-4
	90
	115
	70
	80
	43.15
	52.25
	33.275
	40.25

	
	
	2.5
	3
	-4
	155
	160
	100
	95
	60.325
	70.475
	45.425
	45.15

	
	
	2.5
	4
	-4
	190
	235
	170
	150
	84.425
	104.35
	72.825
	67.025

	
	
	2.5
	5
	-4
	280
	365
	235
	210
	123.35
	179.725
	107.475
	95.375

	
	1PSS/20ms 1SSS/20ms
	2.5
	1
	-4
	320
	460
	260
	280
	147.3
	185.3
	126.2
	127.9

	
	
	2.5
	2
	-4
	380
	520
	320
	340
	192.8
	232.9
	158.2
	153.2

	
	
	2.5
	3
	-4
	540
	720
	460
	440
	239.2
	318.6
	219.5
	188.5

	
	
	2.5
	4
	-4
	660
	1060
	660
	520
	331.2
	491.6
	287.6
	224.4

	
	
	2.5
	5
	-4
	980
	1660
	980
	680
	465.2
	719.9
	448.9
	310.3

	
	1PSS/40ms 1SSS/40ms
	2.5
	1
	-4
	760
	600
	560
	520
	320.6
	272.6
	247.2
	232

	
	
	2.5
	2
	-4
	960
	1160
	640
	600
	380.4
	450.4
	270.4
	296.4

	
	
	2.5
	3
	-4
	1360
	1400
	920
	1120
	561.6
	602
	409.4
	434.6

	
	
	2.5
	4
	-4
	1520
	1880
	1360
	1200
	675.4
	834.8
	582.6
	536.2

	
	
	2.5
	5
	-4
	2400
	3480
	1760
	1640
	1110
	1491
	805.4
	711.2


4 Conclusions

In this contribution, under the case of synchronization and AWGN, the search times of cell identification are simulated.  The cell identification time depends on the interference level, the sampling density of PSS/ SSS and the number of peaks kept.  Though in the case of 1PSS/5ms and 1 SSS /5ms, the side condition may be loosed up to [-4dB, 3dB] in AWGN and [-4dB, 5dB] in the other cases, but because the latter factors are implementation issue, it is better to keep the [-4dB, 1dB] for cell identification side condition. 
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