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1. Introduction
In RAN4#64 meeting, much discussion took place on the side condition for feICIC cell detection and RRM/RLM requirements. As a result, the followings were agreed as way forward [1, 2].
· N=2 interferers should be modeled for cell detection and RRM/RLM requirements for FeICIC
· RAN4 shall consider the minimum requirements and test cases to ensure 9dB handover bias for all deployment scenarios considered so far in RAN4.
· The target SNR for serving Pico cell for both cell identification and RLM/RRM:
· ES/Noc3 = -4dB
In this contribution, we provide our simulation results for feICIC cell detection.
2. Simulation assumptions
Table 1, Table 2, Table 3 and Table 4 shows link level simulation assumptions for the cell search simulations. Regarding the assumptions listed in Table 1, Table 2 and Table 3, we follow the assumption in [3]. We simulate only explicitly modeled 2-interferer according to the agreed way forward. As for interference condition listed in Table 4, we pick up four different interference setups from companies’ proposal [4-7].
Table 1  Simulation assumption
	Parameter
	Unit
	Cell 1, 2
	Cell 0

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1

	Cell type
	
	Aggressor
	To be identified

	Cell Identifier
	
	See Table 2
	See Table 2

	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
	RB
	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

	Relative delay of 1st Path w.r.t. cell 1,2: (fixed delay)
	ms
	0
	CP/2

	SNR
	dB
	See Table 4
	See Table 4

	Number of Tx antennas
	-
	1
	1

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

	Propagation conditions
	
	AWGN, EPA5, ETU30, ETU70

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


Table 2  PSS and SSS sequences in different cell
	case #
	Cell 0

(Desired Cell)
	Cell 1

(Interferer 1)
	Cell 2

(Interferer 2)
	Note

	
	PSS
	SSS
	Cell ID
	PSS
	SSS
	Cell ID
	PSS
	SSS
	Cell ID
	

	1
	psc3
	ssc3a, ssc3b
	113
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc2a, ssc2b
	120
	NN, distinct SSS

	2
	psc1
	ssc3a, ssc3b
	112
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc2a, ssc2b
	120
	CN, distinct SSS

	3
	psc1
	ssc3a, ssc3b
	112
	psc1
	ssc1a, ssc1b
	109
	psc1
	ssc2a, ssc2b
	121
	CC, distinct SSS

	4
	psc3
	ssc1a, ssc1b
	110
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc1a, ssc1b
	108
	NN, similar SSS

	5
	psc1
	ssc1a, ssc3b
	196
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc1a, ssc1b
	108
	CN, similar SSS

	6
	psc1
	ssc1a, ssc3b
	196
	psc1
	ssc1a, ssc1b
	109
	psc1
	ssc3a, ssc3b
	112
	CC, similar SSS


Table 3  PSS and SSS indices for simulations
	Label
	Code index
(m0, m1)
	Cell group index
NID(1)
	Identity within group

NID(2)

	psc1
	29
	-
	1

	psc2
	25
	-
	0

	psc3
	34
	-
	2

	(ssc1a, ssc1b)
	(6, 8)
	36
	-

	(ssc2a, ssc2b)
	(10, 12)
	40
	-

	(ssc3a, ssc3b)
	(7, 9)
	37
	-

	(ssc1a, ssc3b)
	(6, 9)
	65
	-


Table 4  Interference setup
	Interference setup
	Es/Noc
	EI,1/Noc
	EI,2/Noc
	Es/Iot

	A
	-4
	5
	2
	-11.59

	B
	-4
	3
	-7.8
	-9.00

	C
	-4
	3.4
	-1
	-10.00

	D
	-4
	4
	2
	-11.07


In this simulation, the cell detection includes only PSS/SSS detection and excludes RSRP measurement process. We evaluated the following PSS/SSS detection algorithms.

· No PSS/SSS IC

· PSS/SSS IC with 1 cell cancellation
· PSS/SSS IC with 2 cell cancellation
For PSS/SSS detection, cell search is performed periodically every 80ms within which it searches PSS/SSS in the first 20ms and sleeps during the subsequent 60ms, i.e. 25% duty cycle with 80ms periodicity.

3. Simulation results

Table 5-10 shows the 90%-ile time and average time of cell detection excluding RSRP measurement time for cell ID combination case 1-6 respectively. In these tables, “X” means the case where CDF of cell detection time does not reach 90%. The columns, which 90%-tile time is longer than 600ms (Rel-8 requirement excluding 200ms RSRP measurement delay) and 800ms (Rel-10 requirement excluding 200ms RSRP measurement delay), are highlighted by pink and red hatching respectively.
Considering the worst result among different cell ID combination cases, PSS/SSS detection without PSS/SSS IC can meet the Rel-8 requirement only in the interference setup B (Es/Iot=-9dB) and C (Es/Iot=-10dB) under EPA5.
Observation 1: The Rel-8 requirement cannot be met without PSS/SSS IC except for EPA5 in the interference setup where Es/Iot are higher than -10dB.
In some cases PSS/SSS IC with 1 cell cancellation cannot satisfy Rel-10 requirement when Es/Iot is lower than -11dB. On the other hand, PSS/SSS IC with 2 cell cancellation can meet the Rel-8 and Rel-10 requirement for all the simulated conditions.
Observation 2: PSS/SSS IC with 1 cell cancellation can meet the Rel-8 and Rel-10 requirement except for the interference setup where Es/Iot is lower than -11dB.
Observation 3: PSS/SSS IC with 2 cell cancellation can meet the Rel-8 and Rel-10 requirement for all the simulated conditions.
Table 5  Cell detection delay for case 1
	Channel

model
	Interference

setup
	No PSS/SSS IC
	PSS/SSS IC

1 cell cancellation
	PSS/SSS IC

2 cell cancellation

	
	
	90%
	Average
	90%
	Average
	90%
	Average

	AWGN
	A
	X
	2553.7 
	180
	78.9 
	20
	22.9 

	
	B
	820
	302.1 
	20
	20.0 
	20
	20.0 

	
	C
	X
	910.4 
	20
	21.1 
	20
	20.2 

	
	D
	X
	1822.6 
	180
	66.2 
	20
	22.7 

	EPA5
	A
	580
	258.3 
	180
	80.6 
	100
	54.2 

	
	B
	260
	98.7 
	100
	42.6 
	100
	36.8 

	
	C
	340
	138.8 
	100
	55.2 
	100
	43.2 

	
	D
	500
	206.8 
	180
	76.0 
	100
	45.3 

	ETU30
	A
	X
	825.4 
	420
	192.3 
	340
	143.9 

	
	B
	420
	172.6 
	100
	56.2 
	100
	55.1 

	
	C
	660
	296.1 
	260
	100.1 
	180
	88.0 

	
	D
	X
	565.8 
	420
	173.9 
	340
	129.9 

	ETU70
	A
	X
	1086.7 
	500
	220.6 
	340
	150.3 

	
	B
	420
	175.9 
	100
	47.6 
	100
	47.6 

	
	C
	740
	328.4 
	260
	94.7 
	180
	83.7 

	
	D
	X
	742.3 
	500
	197.0 
	340
	137.3 


Table 6  Cell detection delay for case 2
	Channel

model
	Interference

setup
	No PSS/SSS IC
	PSS/SSS IC

1 cell cancellation
	PSS/SSS IC

2 cell cancellation

	
	
	90%
	Average
	90%
	Average
	90%
	Average

	AWGN
	A
	X
	2637.4 
	180
	80.3 
	20
	25.9 

	
	B
	820
	354.2 
	20
	20.0 
	20
	20.0 

	
	C
	X
	872.8 
	20
	21.7 
	20
	20.5 

	
	D
	X
	1851.4 
	100
	63.9 
	20
	24.0 

	EPA5
	A
	660
	275.2 
	180
	80.2 
	180
	60.2 

	
	B
	260
	108.6 
	100
	43.4 
	100
	38.6 

	
	C
	340
	145.8 
	100
	55.8 
	100
	46.8 

	
	D
	500
	220.6 
	180
	75.9 
	100
	55.3 

	ETU30
	A
	X
	987.9 
	580
	247.8 
	500
	196.1 

	
	B
	660
	260.0 
	180
	74.6 
	180
	70.2 

	
	C
	980
	407.6 
	340
	124.1 
	260
	114.4 

	
	D
	X
	707.4 
	500
	221.2 
	420
	170.3 

	ETU70
	A
	X
	1661.2 
	740
	306.6 
	580
	230.5 

	
	B
	660
	296.3 
	180
	66.4 
	180
	65.1 

	
	C
	X
	533.8 
	340
	124.7 
	260
	115.8 

	
	D
	X
	1085.4 
	660
	274.4 
	420
	196.3 


Table 7  Cell detection delay for case 3
	Channel

model
	Interference

setup
	No PSS/SSS IC
	PSS/SSS IC

1 cell cancellation
	PSS/SSS IC

2 cell cancellation

	
	
	90%
	Average
	90%
	Average
	90%
	Average

	AWGN
	A
	X
	2980.8 
	500
	253.6 
	20
	53.3 

	
	B
	740
	322.7 
	20
	20.0 
	20
	20.0 

	
	C
	X
	1002.8 
	20
	26.8 
	20
	22.3 

	
	D
	X
	2295.1 
	340
	217.3 
	20
	44.2 

	EPA5
	A
	660
	279.2 
	180
	84.2 
	180
	58.2 

	
	B
	260
	108.3 
	100
	43.3 
	100
	38.7 

	
	C
	340
	148.8 
	100
	56.8 
	100
	46.7 

	
	D
	580
	227.0 
	180
	78.8 
	100
	54.7 

	ETU30
	A
	X
	1274.2 
	740
	295.8 
	500
	212.8 

	
	B
	580
	258.3 
	180
	78.0 
	180
	74.8 

	
	C
	1060
	0.0 
	340
	144.2 
	340
	129.1 

	
	D
	X
	906.6 
	580
	260.0 
	420
	190.7 

	ETU70
	A
	X
	2123.8 
	980
	407.1 
	580
	257.5 

	
	B
	740
	320.1 
	180
	72.7 
	180
	70.5 

	
	C
	X
	647.5 
	420
	159.7 
	340
	135.0 

	
	D
	X
	1520.9 
	820
	348.2 
	500
	218.2 


Table 8  Cell detection delay for case 4
	Channel

model
	Interference

setup
	No PSS/SSS IC
	PSS/SSS IC

1 cell cancellation
	PSS/SSS IC

2 cell cancellation

	
	
	90%
	Average
	90%
	Average
	90%
	Average

	AWGN
	A
	X
	1258.6 
	820
	347.2 
	20
	27.9 

	
	B
	100
	83.0 
	20
	20.0 
	20
	20.0 

	
	C
	820
	346.0 
	20
	30.8 
	20
	22.6 

	
	D
	X
	859.7 
	580
	318.9 
	20
	25.6 

	EPA5
	A
	340
	151.9 
	180
	67.6 
	180
	58.3 

	
	B
	180
	68.6 
	100
	43.2 
	100
	37.1 

	
	C
	180
	92.5 
	100
	50.8 
	100
	45.3 

	
	D
	260
	128.3 
	180
	63.5 
	100
	54.2 

	ETU30
	A
	1060
	440.2 
	340
	155.4 
	340
	138.0 

	
	B
	260
	124.0 
	100
	53.0 
	100
	50.4 

	
	C
	420
	190.1 
	180
	86.1 
	180
	82.6 

	
	D
	820
	350.9 
	340
	138.6 
	340
	122.0 

	ETU70
	A
	X
	619.9 
	420
	174.1 
	340
	139.9 

	
	B
	260
	111.8 
	100
	42.3 
	100
	42.2 

	
	C
	500
	203.0 
	180
	77.9 
	180
	75.6 

	
	D
	980
	422.1 
	340
	151.1 
	340
	125.0 


Table 9  Cell detection delay for case 5
	Channel

model
	Interference

setup
	No PSS/SSS IC
	PSS/SSS IC

1 cell cancellation
	PSS/SSS IC

2 cell cancellation

	
	
	90%
	Average
	90%
	Average
	90%
	Average

	AWGN
	A
	X
	3135.0 
	260
	121.8 
	20
	24.2 

	
	B
	1140
	378.8 
	20
	20.0 
	20
	20.0 

	
	C
	X
	1147.4 
	20
	22.2 
	20
	20.5 

	
	D
	X
	2400.7 
	180
	99.1 
	20
	22.7 

	EPA5
	A
	660
	278.0 
	260
	88.6 
	180
	58.8 

	
	B
	260
	106.0 
	100
	46.5 
	100
	39.9 

	
	C
	340
	151.0 
	180
	60.3 
	100
	46.5 

	
	D
	500
	226.6 
	180
	82.0 
	100
	53.9 

	ETU30
	A
	X
	797.4 
	580
	233.6 
	420
	169.8 

	
	B
	500
	218.2 
	180
	69.5 
	180
	65.8 

	
	C
	740
	319.4 
	260
	116.5 
	260
	102.6 

	
	D
	X
	583.0 
	500
	205.8 
	340
	149.7 

	ETU70
	A
	X
	1105.4 
	660
	265.1 
	420
	177.7 

	
	B
	580
	239.0 
	180
	58.1 
	180
	58.0 

	
	C
	980
	407.8 
	260
	112.2 
	260
	99.9 

	
	D
	X
	779.4 
	580
	237.8 
	420
	161.7 


Table 10  Cell detection delay for case 6
	Channel

model
	Interference

setup
	No PSS/SSS IC
	PSS/SSS IC

1 cell cancellation
	PSS/SSS IC

2 cell cancellation

	
	
	90%
	Average
	90%
	Average
	90%
	Average

	AWGN
	A
	X
	3304.5 
	580
	246.2 
	100
	54.8 

	
	B
	X
	495.7 
	20
	20.0 
	20
	20.0 

	
	C
	X
	1463.2 
	20
	25.4 
	20
	22.0 

	
	D
	X
	2811.4 
	420
	200.2 
	20
	49.7 

	EPA5
	A
	820
	345.7 
	260
	97.6 
	180
	66.2 

	
	B
	260
	115.4 
	100
	46.4 
	100
	40.7 

	
	C
	420
	179.0 
	180
	64.1 
	100
	52.5 

	
	D
	660
	274.6 
	260
	89.2 
	180
	60.7 

	ETU30
	A
	X
	799.1 
	500
	213.9 
	420
	169.8 

	
	B
	500
	210.7 
	180
	69.5 
	180
	65.8 

	
	C
	820
	336.3 
	260
	116.5 
	260
	104.8 

	
	D
	X
	637.2 
	420
	191.6 
	340
	146.8 

	ETU70
	A
	X
	1284.1 
	660
	266.9 
	420
	188.1 

	
	B
	580
	250.6 
	180
	60.5 
	180
	59.5 

	
	C
	980
	441.1 
	340
	123.2 
	260
	109.3 

	
	D
	X
	931.3 
	580
	232.9 
	420
	161.8 


4. Conclusion

In this contribution, we provided our simulation results for feICIC cell detection delay. From the simulation results, the followings were observed.
Observation 1: The Rel-8 requirement cannot be met without PSS/SSS IC except for EPA5 in the interference setup where Es/Iot are higher than -10dB.
Observation 2: PSS/SSS IC with 1 cell cancellation can meet the Rel-8 and Rel-10 requirement except for the interference setup where Es/Iot is lower than -11dB.

Observation 3: PSS/SSS IC with 2 cell cancellation can meet the Rel-8 and Rel-10 requirement for all the simulated conditions.
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