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Introduction
In the TSG-RAN WG4 meeting #58, link simulation assumptions of studying intra-frequency cell identification for eICIC were discussed and approved, which was captured in R4-111694 [1]. For convenience, link simulation assumptions are copied here in Table 1, Table 2 and Table 3. In Table 1, SNR of -4 dB is added to the SNR range for Cell 2.
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 (2 cases)
	
	unknown to UE
	known to UE

	
	
	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

	Network synchronization level Note1

	Synchronous case: relative delay of 1st Path w.r.t. cell 1: (fixed delay)
	μs
	0
	CP/2

	
	Asynchronous case: relative delay of 1st Path w.r.t. cell 1: (fixed delay)
	ms
	0
	3.0

	SNR
	dB
	5 and 10
	0, -3, -4,-6

	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

	Note 1: Timings of cell 1 and cell 2 are unknown to the UE.

Note 2: For TDD only synchronous case is applicable


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


Some companies presented their simulation results in the TSG-RAN WG4 meeting #58 Ad-hoc. Way forward and open issues on cell identification were agreed and captured in R4-112405 [2]. Agreed way forward and open issues are reproduced here.
· Agreed way forward: 


· Base line core cell identification requirements should be based on frame aligned case, but not exclude non-frame aligned case for studying.

· Open issues

· Further alignment of results and clarification of assumptions.

· Performance with DRX

This contribution provides simulation results for FDD case. Different TDM patterns [3] are considered in this study and are shown below.

· FDD patterns:



(1/8,1,ABS)

[ 10000000, … ]


(2/8,2,ABS)

[ 11000000, … ]


(3/8,1,ABS)

[ 11100000, … ] 


(3/20,1,MBSF)

[ 1000010000 1000000000 ]
2
Simulation results for cell identification delay
In this study, it is assumed that both interfering Cell ID and desired Cell ID are unknown to UE. Simulation results are shown as 90th percentile of cell identification delay in ms. Entry of “-1” in the following tables means that the 90th percentile of cell identification delay is larger than 10 seconds.
2.1
Without ABS pattern
The following table shows the simulation results of synchronous and asynchronous cases, without ABS pattern.

Table 4: Cell identification delay without ABS pattern

	Channel
	Delay (µs)
	SNR1
109 (1,36)
	SNR2
	Cell ID to be identified

	
	
	
	
	Case 1 or 5
113 (2,37)
	Case 2 or 6
112 (1,37)
	Case 3 or 7
196 (1,65)
	Case 4 or 8
110 (2,36)

	AWGN
	2.5
	5
	0
	5
	95
	10
	5

	
	2.5
	5
	-3
	80
	-1
	5115
	100

	
	2.5
	5
	-4
	380
	-1
	-1
	1270

	
	2.5
	5
	-6
	-1
	-1
	-1
	-1

	
	2.5
	10
	0
	3610
	-1
	-1
	-1

	
	2.5
	10
	-3
	-1
	-1
	-1
	-1

	
	2.5
	10
	-4
	-1
	-1
	-1
	-1

	
	2.5
	10
	-6
	-1
	-1
	-1
	-1

	
	3000
	5
	0
	15
	15
	15
	15

	
	3000
	5
	-3
	145
	150
	145
	150

	
	3000
	5
	-4
	400
	415
	420
	395

	
	3000
	5
	-6
	3475
	3105
	3660
	3320

	
	3000
	10
	0
	800
	695
	695
	740

	
	3000
	10
	-3
	-1
	-1
	-1
	-1

	
	3000
	10
	-4
	-1
	-1
	-1
	-1

	
	3000
	10
	-6
	-1
	-1
	-1
	-1

	EPA5
	2.5
	5
	0
	10
	10
	5
	5

	
	2.5
	5
	-3
	15
	30
	20
	15

	
	2.5
	5
	-4
	40
	75
	70
	35

	
	2.5
	5
	-6
	125
	195
	180
	125

	
	2.5
	10
	0
	50
	75
	75
	20

	
	2.5
	10
	-3
	205
	295
	305
	185

	
	2.5
	10
	-4
	325
	505
	480
	300

	
	2.5
	10
	-6
	810
	1355
	1220
	780

	
	3000
	5
	0
	10
	10
	10
	10

	
	3000
	5
	-3
	20
	20
	20
	20

	
	3000
	5
	-4
	45
	40
	40
	50

	
	3000
	5
	-6
	130
	120
	115
	135

	
	3000
	10
	0
	45
	55
	40
	50

	
	3000
	10
	-3
	185
	190
	185
	195

	
	3000
	10
	-4
	310
	290
	295
	310

	
	3000
	10
	-6
	745
	815
	770
	815

	ETU30
	2.5
	5
	0
	25
	25
	25
	25

	
	2.5
	5
	-3
	65
	70
	65
	65

	
	2.5
	5
	-4
	100
	105
	100
	95

	
	2.5
	5
	-6
	300
	250
	230
	265

	
	2.5
	10
	0
	115
	120
	110
	105

	
	2.5
	10
	-3
	555
	450
	350
	505

	
	2.5
	10
	-4
	1075
	760
	480
	920

	
	2.5
	10
	-6
	3610
	2420
	860
	2945

	
	3000
	5
	0
	25
	25
	25
	25

	
	3000
	5
	-3
	65
	65
	65
	70

	
	3000
	5
	-4
	105
	100
	100
	100

	
	3000
	5
	-6
	290
	300
	300
	295

	
	3000
	10
	0
	115
	115
	115
	115

	
	3000
	10
	-3
	545
	580
	600
	585

	
	3000
	10
	-4
	1105
	1150
	1195
	1180

	
	3000
	10
	-6
	4425
	4450
	4555
	4190

	ETU70
	2.5
	5
	0
	25
	25
	25
	25

	
	2.5
	5
	-3
	70
	70
	70
	65

	
	2.5
	5
	-4
	115
	105
	100
	110

	
	2.5
	5
	-6
	370
	295
	260
	350

	
	2.5
	10
	0
	145
	130
	120
	130

	
	2.5
	10
	-3
	930
	540
	410
	431

	
	2.5
	10
	-4
	1940
	915
	580
	883

	
	2.5
	10
	-6
	6380
	3670
	1010
	7210

	
	3000
	5
	0
	25
	25
	25
	25

	
	3000
	5
	-3
	70
	70
	70
	70

	
	3000
	5
	-4
	115
	115
	120
	115

	
	3000
	5
	-6
	355
	365
	375
	390

	
	3000
	10
	0
	140
	135
	145
	140

	
	3000
	10
	-3
	900
	795
	930
	925

	
	3000
	10
	-4
	2025
	1745
	1825
	2075

	
	3000
	10
	-6
	-1
	6975
	-1
	-1


2.2
With different ABS patterns
The following several tables show the simulation results of asynchronous case with four different ABS patterns.

Table 5: Cell identification delay of asynchronous case with ABS pattern of (1/8, 1, ABS)

	Channel
	Delay (µs)
	SNR1
109 (1,36)
	SNR2
	Cell ID to be identified

	
	
	
	
	Case 5
113 (2,37)
	Case 6
112 (1,37)
	Case 7
196 (1,65)
	Case 8
110 (2,36)

	AWGN
	3000
	5
	0
	15
	15
	15
	15

	
	3000
	5
	-3
	145
	145
	150
	155

	
	3000
	5
	-4
	440
	435
	425
	415

	
	3000
	5
	-6
	3405
	3095
	3605
	3340

	
	3000
	10
	0
	825
	805
	815
	830

	
	3000
	10
	-3
	-1
	-1
	-1
	-1

	
	3000
	10
	-4
	-1
	-1
	-1
	-1

	
	3000
	10
	-6
	-1
	-1
	-1
	-1

	EPA5
	3000
	5
	0
	10
	10
	10
	10

	
	3000
	5
	-3
	20
	20
	20
	20

	
	3000
	5
	-4
	45
	40
	40
	45

	
	3000
	5
	-6
	120
	115
	115
	135

	
	3000
	10
	0
	40
	35
	40
	40

	
	3000
	10
	-3
	195
	190
	170
	190

	
	3000
	10
	-4
	295
	290
	270
	310

	
	3000
	10
	-6
	800
	750
	745
	740

	ETU30
	3000
	5
	0
	25
	25
	25
	25

	
	3000
	5
	-3
	65
	65
	60
	65

	
	3000
	5
	-4
	100
	100
	95
	100

	
	3000
	5
	-6
	280
	270
	250
	275

	
	3000
	10
	0
	110
	115
	110
	110

	
	3000
	10
	-3
	550
	560
	605
	545

	
	3000
	10
	-4
	1065
	1105
	1085
	1125

	
	3000
	10
	-6
	4745
	4400
	5395
	4800

	ETU70
	3000
	5
	0
	25
	25
	25
	25

	
	3000
	5
	-3
	70
	70
	70
	70

	
	3000
	5
	-4
	105
	105
	110
	110

	
	3000
	5
	-6
	345
	345
	355
	360

	
	3000
	10
	0
	130
	130
	130
	130

	
	3000
	10
	-3
	830
	855
	790
	860

	
	3000
	10
	-4
	1870
	1775
	1805
	1680

	
	3000
	10
	-6
	9865
	-1
	8440
	-1


Table 6: Cell identification delay of asynchronous case with ABS pattern of (2/8, 2, ABS)

	Channel
	Delay (µs)
	SNR1
109 (1,36)
	SNR2
	Cell ID to be identified

	
	
	
	
	Case 5
113 (2,37)
	Case 6
112 (1,37)
	Case 7
196 (1,65)
	Case 8
110 (2,36)

	AWGN
	3000
	5
	0
	10
	10
	10
	10

	
	3000
	5
	-3
	140
	145
	145
	145

	
	3000
	5
	-4
	465
	480
	470
	465

	
	3000
	5
	-6
	3120
	3210
	3325
	2890

	
	3000
	10
	0
	875
	865
	870
	945

	
	3000
	10
	-3
	-1
	-1
	-1
	-1

	
	3000
	10
	-4
	-1
	-1
	-1
	-1

	
	3000
	10
	-6
	-1
	-1
	-1
	-1

	EPA5
	3000
	5
	0
	10
	10
	10
	10

	
	3000
	5
	-3
	15
	20
	15
	15

	
	3000
	5
	-4
	35
	35
	30
	40

	
	3000
	5
	-6
	110
	115
	110
	115

	
	3000
	10
	0
	45
	40
	35
	30

	
	3000
	10
	-3
	190
	175
	170
	180

	
	3000
	10
	-4
	290
	275
	270
	280

	
	3000
	10
	-6
	735
	705
	660
	725

	ETU30
	3000
	5
	0
	20
	20
	20
	20

	
	3000
	5
	-3
	60
	60
	60
	60

	
	3000
	5
	-4
	95
	95
	90
	95

	
	3000
	5
	-6
	265
	255
	255
	255

	
	3000
	10
	0
	105
	105
	105
	105

	
	3000
	10
	-3
	495
	525
	505
	505

	
	3000
	10
	-4
	1020
	985
	955
	975

	
	3000
	10
	-6
	4105
	4375
	4185
	4000

	ETU70
	3000
	5
	0
	20
	20
	20
	20

	
	3000
	5
	-3
	60
	65
	65
	60

	
	3000
	5
	-4
	100
	100
	100
	100

	
	3000
	5
	-6
	310
	310
	315
	310

	
	3000
	10
	0
	120
	120
	125
	120

	
	3000
	10
	-3
	725
	740
	730
	740

	
	3000
	10
	-4
	1465
	1655
	1445
	1715

	
	3000
	10
	-6
	5955
	-1
	6385
	7325


Table 7: Cell identification delay of asynchronous case with ABS pattern of (3/8, 1, ABS)

	Channel
	Delay (µs)
	SNR1
109 (1,36)
	SNR2
	Cell ID to be identified

	
	
	
	
	Case 5
113 (2,37)
	Case 6
112 (1,37)
	Case 7
196 (1,65)
	Case 8
110 (2,36)

	AWGN
	3000
	5
	0
	10
	10
	10
	10

	
	3000
	5
	-3
	135
	135
	135
	130

	
	3000
	5
	-4
	445
	445
	500
	480

	
	3000
	5
	-6
	3415
	3800
	3480
	3545

	
	3000
	10
	0
	1015
	1040
	1000
	990

	
	3000
	10
	-3
	-1
	-1
	-1
	-1

	
	3000
	10
	-4
	-1
	-1
	-1
	-1

	
	3000
	10
	-6
	-1
	-1
	-1
	-1

	EPA5
	3000
	5
	0
	10
	10
	10
	10

	
	3000
	5
	-3
	15
	15
	15
	15

	
	3000
	5
	-4
	25
	30
	25
	25

	
	3000
	5
	-6
	100
	105
	105
	95

	
	3000
	10
	0
	25
	35
	35
	30

	
	3000
	10
	-3
	165
	160
	175
	170

	
	3000
	10
	-4
	235
	265
	270
	280

	
	3000
	10
	-6
	610
	715
	800
	770

	ETU30
	3000
	5
	0
	20
	20
	20
	20

	
	3000
	5
	-3
	60
	55
	60
	60

	
	3000
	5
	-4
	85
	85
	90
	90

	
	3000
	5
	-6
	230
	220
	245
	235

	
	3000
	10
	0
	100
	95
	100
	95

	
	3000
	10
	-3
	470
	435
	475
	450

	
	3000
	10
	-4
	870
	865
	900
	845

	
	3000
	10
	-6
	4075
	3490
	3680
	3290

	ETU70
	3000
	5
	0
	20
	20
	20
	20

	
	3000
	5
	-3
	55
	55
	55
	55

	
	3000
	5
	-4
	90
	90
	85
	90

	
	3000
	5
	-6
	260
	255
	255
	260

	
	3000
	10
	0
	110
	105
	105
	110

	
	3000
	10
	-3
	620
	580
	595
	595

	
	3000
	10
	-4
	1200
	1230
	1335
	1265

	
	3000
	10
	-6
	5515
	6490
	5810
	6190


Table 8: Cell identification delay of asynchronous case with ABS pattern of (3/20, 1, MBSF)

	Channel
	Delay (µs)
	SNR1
109 (1,36)
	SNR2
	Cell ID to be identified

	
	
	
	
	Case 5
113 (2,37)
	Case 6
112 (1,37)
	Case 7
196 (1,65)
	Case 8
110 (2,36)

	AWGN
	3000
	5
	0
	15
	15
	15
	15

	
	3000
	5
	-3
	135
	140
	140
	140

	
	3000
	5
	-4
	385
	385
	365
	400

	
	3000
	5
	-6
	3005
	3030
	3060
	2905

	
	3000
	10
	0
	700
	685
	705
	670

	
	3000
	10
	-3
	-1
	-1
	-1
	-1

	
	3000
	10
	-4
	-1
	-1
	-1
	-1

	
	3000
	10
	-6
	-1
	-1
	-1
	-1

	EPA5
	3000
	5
	0
	10
	10
	10
	10

	
	3000
	5
	-3
	20
	20
	20
	20

	
	3000
	5
	-4
	50
	50
	40
	45

	
	3000
	5
	-6
	125
	130
	120
	120

	
	3000
	10
	0
	35
	45
	35
	50

	
	3000
	10
	-3
	165
	175
	180
	205

	
	3000
	10
	-4
	265
	285
	295
	330

	
	3000
	10
	-6
	760
	680
	725
	855

	ETU30
	3000
	5
	0
	25
	20
	25
	25

	
	3000
	5
	-3
	65
	65
	65
	70

	
	3000
	5
	-4
	100
	100
	105
	105

	
	3000
	5
	-6
	285
	280
	285
	285

	
	3000
	10
	0
	115
	120
	105
	115

	
	3000
	10
	-3
	585
	585
	585
	580

	
	3000
	10
	-4
	1115
	1160
	1085
	1070

	
	3000
	10
	-6
	4890
	4560
	4295
	3950

	ETU70
	3000
	5
	0
	25
	25
	25
	25

	
	3000
	5
	-3
	75
	70
	70
	70

	
	3000
	5
	-4
	115
	110
	115
	110

	
	3000
	5
	-6
	400
	365
	365
	355

	
	3000
	10
	0
	140
	135
	140
	140

	
	3000
	10
	-3
	915
	935
	825
	855

	
	3000
	10
	-4
	1890
	1855
	1950
	2070

	
	3000
	10
	-6
	7385
	9600
	7735
	-1


3
Conclusions

Our study leads to the following observations
Observation 1: Different ABS patterns do not have significant impact on the cell identification delay performance in both AWGN and fading channels.
Observation 2: In asynchronous case, different Cell ID’s do not have significant impact on the cell identification delay performance both for with and without ABS pattern in all channels.

Observation 3: In synchronous case, different Cell ID’s do not have significant impact on the cell identification delay performance in fading channels. However, in AWGN, some difference can be seen.
Observation 4: When the interfering cell SNR is 10 dB, a lot of cases cannot meet the Rel 8/9 requirement (cell identification delay of less than 600 ms). When the interfering cell SNR is 5 dB and the desired cell SNR is greater than or equal to -4 dB, almost all cases can meet the Rel 8/9 requirement.
4
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