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1. Introduction

The simulation assumptions of cell detection for 9dB CRE have been agreed in RAN4 meeting 64bis [1]. In this contribution, we show the simulation results of cell detection based on the latest simulations assumptions for FDD and Non-MBSFN subframe configuration. By assuming SSS is used for channel estimation for PSS/SSS IC, it is expected that the performance in case of MBSFN subframe configuration can be very similar as what are observed in Non-MBSFN case. 
2. Simulation Assumptions
The simulation assumptions of cell detection used in this contribution are listed in Table 1 ~ Table 3. 
Table 1 Simulation assumptions for PSS/SSS detection

	Parameter
	Unit
	Cell 1, 2
	Cell 0

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1

	Cell type
	
	Aggressor
	To be identified

	Cell Identifier
	
	unknown to UE
	known to UE (Rel-10) 

	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 0: (fixed delay)
	ms
	CP/2
	0

	SNR
	dB
	SNR1 = 4 dB, SNR2 =2 dB
	-4

	Es/Iot
	dB
	Calculated based on SNR levels
	(Es/Iot)0=-11.07 dB

	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 SSS sequences in different cells
	case #
	Cell 0

(Target cell)
	Cell 1

(Strongest interferer) 
	Cell 2

(Weaker interferer)

	 1
	psc3
	fssc1a, fssc1b
	PCI= 17
	psc3
	fssc2a, fssc1b
	PCI=269
	psc1
	fssc2a, fssc1b
	PCI=268

	2
	psc3
	fssc1a, fssc1b
	PCI= 17
	psc3
	fssc3a, fssc1b
	PCI=347
	psc2
	fssc1a, fssc1b
	PCI= 15

	3
	psc1
	fssc1a, fssc2b
	PCI=106
	psc1
	fssc4a, fssc2b
	PCI=190
	psc2
	fssc3a, fssc2b
	PCI=423

	4
	psc3
	fssc1a, fssc2b
	PCI=107
	psc3
	fssc3a, fssc2b
	PCI=425
	psc3
	fssc3a, fssc1b
	PCI=347

	5
	psc3
	ssc3a, ssc3b
	PCI=113
	psc1
	ssc1a, ssc1b
	PCI=109
	psc2
	ssc2a, ssc2b
	PCI=120

	6
	psc1
	ssc3a, ssc3b
	PCI=112
	psc1
	ssc1a, ssc1b
	PCI=109
	psc2
	ssc2a, ssc2b
	PCI=120

	7
	psc1
	ssc1a, ssc3b
	PCI=196
	psc1
	ssc1a, ssc1b
	PCI=109
	psc2
	ssc2a, ssc2b
	PCI=120

	8
	psc3
	ssc1a, ssc1b
	PCI=110
	psc1
	ssc1a, ssc1b
	PCI=109
	psc2
	ssc2a, ssc2b
	PCI=120

	9
	psc3
	ssc1a, ssc1b
	PCI=110
	psc1
	ssc1a, ssc1b
	PCI=109
	psc2
	ssc1a, ssc1b
	PCI=108

	10
	psc1
	ssc3a, ssc3b
	PCI=112
	psc1
	ssc1a, ssc1b
	PCI=109
	psc1
	ssc2a, ssc2b
	PCI=121


Table 3 PSS, SSS indices for simulations
	Label
	Code index
	Cell group index

	psc1
	29
	-

	psc2
	25
	-

	psc3
	34
	-

	(fssc1a, fssc1b)
	(5, 6)
	5

	(fssc2a, fssc1b)
	(2 6)
	89

	(fssc3a, fssc1b)
	(1,6)
	115

	(fssc1a, fssc2b)
	(5,7)
	35

	(fssc4a, fssc2b)
	(4,7)
	63

	(fssc3a, fssc2b)
	(1,7)
	141

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65


3. Simulation Results
The performances of cell detection under different channel models are given in Table 4~8 for. Three different IC approaches are considered at the receiver: no IC, cancel 1 aggressor and cancel 2 aggressors. We use half duty cycle in the simulations, i.e. half of the PSS/SSS bursts in each 40 ms period are used for cell detection. 90th percentile and 50th percentile cell detection delay are included in the results.
Table 4: Cell detection delay (ms) under AWGN 
	IC
Case
	Cancel 2 Aggressors
	Cancel 1 Aggressor
	No IC

	
	90%
	50%
	90%
	50%
	90%
	50%

	1
	40
	40
	40
	40
	>1000
	>1000

	2
	40
	40
	40
	40
	40
	40

	3
	40
	40
	80
	40
	40
	40

	4
	40
	40
	40
	40
	>1000
	>1000

	5
	40
	40
	40
	40
	>1000
	>1000

	6
	40
	40
	80
	40
	>1000
	>1000

	7
	40
	40
	400
	120
	>1000
	520

	8
	40
	40
	40
	40
	>1000
	>1000

	9
	40
	40
	40
	40
	>1000
	>1000

	10
	40
	40
	40
	40
	920
	280


Table 5: Cell detection delay (ms) under EPA-5Hz
	IC
Case
	Cancel 2 Aggressors
	Cancel 1 Aggressor
	No IC

	
	90%
	50%
	90%
	50%
	90%
	50%

	1
	120
	40
	120
	40
	400
	120

	2
	120
	40
	40
	40
	40
	40

	3
	120
	40
	120
	40
	200
	80

	4
	160
	40
	160
	40
	320
	120

	5
	120
	40
	120
	40
	680
	200

	6
	120
	40
	120
	40
	560
	200

	7
	120
	40
	120
	40
	480
	160

	8
	120
	40
	120
	40
	280
	80

	9
	120
	40
	80
	40
	280
	80

	10
	120
	40
	120
	40
	280
	80


Table 6: Cell detection delay (ms) under ETU-30Hz
	IC
Case
	Cancel 2 Aggressors
	Cancel 1 Aggressor
	No IC

	
	90%
	50%
	90%
	50%
	90%
	50%

	1
	120
	40
	80
	40
	320
	120

	2
	80
	40
	40
	40
	40
	40

	3
	120
	40
	120
	40
	200
	80

	4
	120
	40
	80
	40
	360
	120

	5
	80
	40
	120
	40
	680
	200

	6
	120
	40
	80
	40
	600
	200

	7
	120
	40
	120
	40
	400
	120

	8
	80
	40
	120
	40
	120
	40

	9
	80
	40
	80
	40
	120
	40

	10
	120
	40
	120
	40
	360
	120


Table 7: Cell detection delay (ms) under ETU-70Hz

	IC
Case
	Cancel 2 Aggressors
	Cancel 1 Aggressors
	No IC

	
	90%
	50%
	90%
	50%
	90%
	50%

	1
	80
	40
	80
	40
	280
	80

	2
	80
	40
	40
	40
	40
	40

	3
	80
	40
	80
	40
	200
	80

	4
	120
	40
	120
	40
	320
	120

	5
	80
	40
	80
	40
	640
	200

	6
	80
	40
	80
	40
	520
	160

	7
	80
	40
	120
	40
	400
	120

	8
	80
	40
	80
	40
	120
	40

	9
	80
	40
	40
	40
	120
	40

	10
	80
	40
	120
	40
	400
	120


We can see that when IC receiver is implemented, the cell detection delay is significantly reduced. Cell identification could always be finished within Rel.8 requirement (600ms without RSRP measurement) no matter one or two aggressors are cancelled. On the other hand if IC receiver is not applied, the detection delay for the cases highlighted as red even exceed the Rel.10 requirement (800ms without RSRP measurement) in AWGN channel due to lack of both time and frequency diversity.
Observation 1): PSS/SSS IC receiver could significantly shorten the cell ID acquisition delay for 9dB CRE given either 1 or 2 aggressor cell are cancelled;
Observation 2): The cell ID acquisition delay could not meet the Rel.8/10 requirement if IC receiver is not implemented for some cell ID combinations.
4. Conclusion
In this contribution, we give the link level simulation results of cell detection in 9dB CRE based on the latest agreed simulation assumptions. According to the observations we have the following proposal:
Proposal: Since IC receiver brings significant gain for PSS/SSS detection, FeICIC capable UE should be able to cancel at least one interference in cell detection process to meet the cell detection requirement for different the channel conditions.
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