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1 Introduction
In RAN4#64, it was agreed that [1] 
· 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
This contribution presents our simulation results on cell detection based on two interfering cells with the SNR levels of (1st interfering cell, 2nd interfering cell, serving cell) equal to (5, 2, -4) and (5, 0, -4) dB, respectively.
2 Discussion
2.1 Simulation assumptions
Table 1, Table 2, and Table 3 list link-level simulation parameters used for the cell detection simulations. The assumptions are based on Rel-10 cell detection evaluation [2], but the number of aggressors is extended from 1 to 2, and only synchronous network synchronization level is considered. 
Table 1: Link-level simulation parameters for PSS/SSS

	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)
	μs
	0
	CP/2

	SNR
	dB
	(1st, 2nd) interferer (EI,1/Noc, EI,2/Noc) = (5, 2), (5, 0) dB
	ES/Noc = -4 dB

	Number of Tx antennas
	-
	1
	1

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

	Propagation conditions
	
	EPA5, ETU70

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


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

(Desired Cell)
	Cell 1

(Interferer 1)
	Cell 2

(Interferer 2)
	Note1

	
	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
	PSS:××, SSS:×× 

	2
	psc1
	ssc3a, ssc3b
	112
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc2a, ssc2b
	120
	PSS:○×, SSS:××

	3
	psc3
	ssc1a, ssc1b
	110
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc1a, ssc1b
	108
	PSS:××, SSS:○○

	4
	psc1
	ssc1a, ssc3b
	196
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc1a, ssc1b
	108
	PSS:○×, SSS:○○

	Note: The 1st and 2nd entities of “×” or “○” indicate the properties of the 1st and 2nd interfering cells, respectively. For PSS, a “×” (or “○”) represents the PSS sequence of that cell is different from (or identical to) that of the serving cell. For SSS, a “×” represents both m0 and m1 of the SSS sequence of that cell are different from those of the serving cell; a “○” represents at least m0 (or m1) of the SSS sequence of that cell is identical to m0 (or m1) of the serving cell. 


In Table 2, four combinations of cell IDs in different cells are considered in the cell identification evaluations, where the PSS and SSS indices psc* and ssc* are indicated in Table 3. 
Table 3: PSS, 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
	-


2.2 Simulation results
Simulation results are shown in Tables 4 and 5 for EPA5 and ETU70 channel profiles, respectively. In both channels, three implementations of PSS/SSS signal interference cancellation are carried out:

· 2 cell IC: The detected first two strongest interfering PSS and SSS signals are estimated and cancelled.

· 1 cell IC: The detected strongest interfering PSS and SSS signals are estimated and cancelled.

· No IC: No IC is performed

The results are presented in terms of the 90%-ile cell acquisition time. The cell acquisition time is the time required by the UE to fully detect the cell (cell 0 in this case) by detecting its PSS/SSS sequences but excluding the L1 RSRP measurement period. 
Table 4: 90%-ile cell acquisition time in msec under EPA5 (excluding RSRP measurement period)
	Interferer

Case
	2 cell IC
	1 cell IC
	No IC

	
	(5,2)
	 (5,0)
	(5,2)
	(5,0)
	(5,2)
	(5,0)

	1
	< 100
	< 100
	< 160
	< 160
	280
	120

	2
	< 100
	< 100
	< 160
	< 160
	> 600
	> 600

	3
	< 100
	< 100
	< 160
	< 160
	< 160
	< 160

	4
	< 100
	< 100
	< 160
	< 160
	> 600
	220


Table 5: 90%-ile cell acquisition time in msec under ETU70 (excluding RSRP measurement period)
	Interferer

Case
	2 cell IC
	1 cell IC
	No IC

	
	(5,2)
	(5,0)
	(5,2)
	(5,0)
	(5,2)
	(5,0)

	1
	< 100
	< 100
	< 160
	< 160
	440
	160

	2
	< 100
	< 100
	< 160
	< 160
	> 600
	> 600

	3
	< 100
	< 100
	< 160
	< 160
	< 160
	< 160

	4
	< 100
	< 100
	< 160
	< 160
	> 600
	220


From the results, it is observed that cell detection performance varies significantly with the combinations of PSS/SSS sequences of the involved cells. For example, in cases 1 and 3, the Rel-8 cell detection requirement of 600msec can be met without IC, while this is generally not true in cases 2 and 4. It is also observed that PSS/SSS IC is very useful in improving the cell detection performance. From Tables 4 and 5, it is seen the cell acquisition time is much less than 600msec with IC. 
Observation 1: Without PSS/SSS IC, the performance of cell search varies significantly with the combinations of PSS/SSS sequences of the victim and aggressor cells.

Observation 2: PSS/SSS IC is useful in improving the performance of cell search. Without PSS/SSS IC, cell detection requirement may not be met in some cell IDs combinations of the victim and aggressor cells.

Based on the observations above, it is proposed that 

Proposal 1: RAN4 evaluate on various cell IDs combinations to identify the most representative case(s) for specifying the cell detection requirements. 
3 Conclusion
This contribution presents our simulation results on cell acquisition time based on two interfering cells. The following observations and proposal are made based on the simulation results.
Observation 1: Without PSS/SSS IC, the performance of cell search varies significantly with the combinations of PSS/SSS sequences of the victim and aggressor cells.

Observation 2: PSS/SSS IC is useful in improving the performance of cell search. Without PSS/SSS IC, cell detection requirement may not be met in some cell IDs combinations of the victim and aggressor cells.

Proposal 1: RAN4 evaluate on various cell IDs combinations to identify the most representative case(s) for specifying the cell detection requirements. 
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