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1
Introduction
Cell identification delay in eICIC has been discussed for a couple of meetings and will be continued until the TSG-RAN WG4 meeting #60. A way forward on cell identification was captured in R4-1103939 [1]. The current agreement is desired cell SNR of -4 dB and interfering cell SNR of 1 dB which is in a squared bracket. RAN4 is trying to evaluate whether interfering cell SNR could be set to a higher value or not. This contribution provides updated simulation results for FDD case. For convenience, link simulation assumptions are copied and consolidated here in Table 1, Table 2 and Table 3.
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
	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, EPA5, 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
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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. PSS is estimated in time domain, and SSS is estimated in frequency domain. Cell search period is 40 ms, and it is active for 20 ms within 40 ms, which means the duty cycle is 50%. Within each active 5 ms, two peaks on PSS estimation are kept. For each estimated PSS peak, one peak on SSS estimation is kept. In the mean time, FDD/TDD and CP size can be estimated. For each pair of PSS-SSS, it is a correct estimation if FDD/TDD estimation, CP size estimation, PSS ID and SSS ID are correct. Within 40 ms, if any PSS-SSS pair is correct, it is claimed that cell ID is found correctly.
The following table shows the simulation results of synchronous and asynchronous cases, without ABS pattern. Simulation results are shown as 90th percentile of cell identification delay in ms, which does not include the 200 ms RSRP/RSRQ period.
Table 4: Cell identification delay without ABS pattern, 50% duty cycle

	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
	1
	-4
	40
	40
	40
	40

	
	2.5
	2
	-4
	40
	40
	40
	40

	
	2.5
	3
	-4
	80
	120
	40
	80

	
	2.5
	4
	-4
	280
	400
	40
	280

	
	2.5
	5
	-4
	1720
	3440
	160
	1840

	
	3000
	1
	-4
	40
	40
	40
	40

	
	3000
	2
	-4
	80
	80
	80
	80

	
	3000
	3
	-4
	120
	120
	120
	120

	
	3000
	4
	-4
	200
	200
	200
	200

	
	3000
	5
	-4
	400
	400
	440
	440

	EPA5
	2.5
	1
	-4
	120
	120
	120
	120

	
	2.5
	2
	-4
	120
	120
	120
	120

	
	2.5
	3
	-4
	160
	160
	160
	160

	
	2.5
	4
	-4
	200
	200
	200
	200

	
	2.5
	5
	-4
	240
	240
	240
	240

	
	3000
	1
	-4
	120
	120
	120
	120

	
	3000
	2
	-4
	120
	120
	120
	120

	
	3000
	3
	-4
	160
	160
	160
	160

	
	3000
	4
	-4
	160
	160
	160
	160

	
	3000
	5
	-4
	200
	200
	200
	200

	ETU30
	2.5
	1
	-4
	80
	80
	80
	80

	
	2.5
	2
	-4
	120
	120
	120
	120

	
	2.5
	3
	-4
	160
	160
	120
	160

	
	2.5
	4
	-4
	200
	200
	200
	200

	
	2.5
	5
	-4
	280
	280
	240
	280

	
	3000
	1
	-4
	80
	80
	80
	80

	
	3000
	2
	-4
	120
	120
	120
	120

	
	3000
	3
	-4
	120
	120
	120
	120

	
	3000
	4
	-4
	160
	160
	160
	160

	
	3000
	5
	-4
	240
	240
	240
	240

	ETU70
	2.5
	1
	-4
	80
	80
	80
	80

	
	2.5
	2
	-4
	80
	80
	80
	80

	
	2.5
	3
	-4
	120
	120
	120
	120

	
	2.5
	4
	-4
	200
	160
	160
	160

	
	2.5
	5
	-4
	280
	280
	240
	280

	
	3000
	1
	-4
	80
	80
	80
	80

	
	3000
	2
	-4
	80
	80
	80
	80

	
	3000
	3
	-4
	120
	120
	120
	120

	
	3000
	4
	-4
	160
	160
	160
	160

	
	3000
	5
	-4
	240
	240
	240
	240


3
Conclusions

Our study leads to the following observation:
Observation 1: Simulation results of without ABS pattern show that cell identification delays (not including the 200 ms RSRP/RSRP period) are less than 800 ms in all cases except for synchronous case in AWGN with SNR1 of 5 dB.
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