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1. Introduction
In the last RAN4 meeting, simulation assumptions for cell identification performance in eICIC scenarios were provided in [1]. In this contribution, we provide simulation results based on synchronized TDD system. 
2. Simulation assumptions

Tables 1-3 from [1] provides the detail simulation assumptions for cell identification. 

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, -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


Table 3: PSS/SSS indices for simulations

	Label
	Code index
	Cell group index

	psc1 
	29
	-

	psc3 
	34
	-

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65


As defined in [2], UE in RRC_CONNECTED state should be able to identify a detectable cell in 800ms when no DRX is used. The whole period includes PSS/SSS detection and RSRP measurement. As agreed in last RAN 4 meeting, RSRP measurement period remains unchanged (200ms). Then essentially, interference and detection algorithm determine the identification period which may be degraded in eICIC scenarios. As discussed in the past RAN1/RAN4 meetings, network side techniques such as PSS/SSS power control, PSS/SSS muting or subframe shifting in FDD and UE side techniques such as IC (interference cancellation) can be used to improve cell identification. Considering possible performance enhancement by advanced receiver, we also provide simulation results by IC with real channel estimation.  
3. Simulation results
Table 1-x shows the 90% cell identification time when target cell PCI is unknown to UE. Table 2-x gives the performance with IC. Inf bellow means search time is longer than simulation time (10000ms).
Table 1-1 AWGN, 90% cell acquisition time without IC:

	SNR[dB]
INR[dB]
	Case 1
	Case 2
	Case 3
	Case 4

	
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0

	5
	Inf     
	505.5
	213.0
	Inf
	2988
	218
	Inf
	253.5
	210.0
	Inf
	531.5
	213.5

	10
	Inf    
	Inf
	Inf
	Inf
	Inf
	Inf
	Inf
	Inf
	455
	Inf
	Inf
	585


Table 2-1 AWGN, 90% cell acquisition time with IC:

	SNR[dB]
INR[dB]
	Case 1
	Case 2
	Case 3
	Case 4

	
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0

	5
	720.0
	216.5
	210.0
	264.5
	210.0   
	210.0
	255.5   
	210.0   
	210.0
	830   
	219    
	210

	10
	Inf
	Inf
	252
	Inf  
	404    
	210
	Inf   
	390.5  
	210.0
	Inf    
	Inf    
	264


Table 1-2 EPA5, 90% cell acquisition time without IC:
	SNR[dB]
INR[dB]
	Case 1
	Case 2
	Case 3
	Case 4

	
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0

	5
	1621.0        
	1103.0
	396.5
	1671.5   
	1070.5    
	409.5
	1822.0        
	1052.5
	400.0
	2144      
	1043      
	418

	10
	4790.0       
	2073.5
	1071.0
	Inf
	2154.0   
	1248.5
	2870.0    
	1994.0   
	1075.5
	Inf    
	2154.5   
	1509.5


Table 2-2 EPA5, 90% cell acquisition time with IC:
	SNR[dB]
INR[dB]
	Case 1
	Case 2
	Case 3
	Case 4

	
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0

	5
	1297.0
	623.0
	327.5
	1119.0
	648.0
	335.0
	1078.5
	648.0
	328.0
	1055.0
	623.5
	334.5

	10
	4207.0
	1283.0
	778.5
	2225.0
	1349.5
	991.5
	2225.0    
	1349.5    
	687.5
	4227.0
	1167.0    
	698.0


Table 1-3 ETU30, 90% cell acquisition time without IC:
	SNR[dB]
INR[dB]
	Case 1
	Case 2
	Case 3
	Case 4

	
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0

	5
	2382.5
	463.0
	287.5


	1519
	577
	311
	1680.0
	465.0
	295.5
	1135.0
	479.0
	287.5

	10
	Inf
	2756    
	552
	Inf
	2443.5
	679.5
	Inf
	3076.5
	591.0
	Inf

	2091
	562


Table 2-3 ETU30, 90% cell acquisition time with IC:
	SNR[dB]
INR[dB]
	Case 1
	Case 2
	Case 3
	Case 4

	
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0

	5
	592.5
	317.0
	250.0
	671.0
	326.5
	247.5
	652.0
	331.5
	248.0
	719.5
	325.5
	255.0

	10
	2579.0
	772.0
	394.5
	1863.5
	567.0    
	343.0
	1994.0
	617.5
	342.0
	Inf 
	761.0    
	426.5


Table 1-4 ETU70, 90% cell acquisition time without IC:

	SNR[dB]
INR[dB]
	Case 1
	Case 2
	Case 3
	Case 4

	
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0

	5
	1476.5
	381.0
	258.0
	1437
	455
	268
	1174.5
	414.5
	261.0
	826.5
	382.0
	262.0

	10
	Inf
	2111
	495
	Inf 
	2915
	578
	Inf 
	1648.0
	464.0
	Inf 
	1206.5
	464.0


Table 2-4 ETU70, 90% cell acquisition time with IC:

	SNR[dB]
INR[dB]
	Case 1
	Case 2
	Case 3
	Case 4

	
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0

	5
	526.0
	288.5
	230.0
	468.0
	276.5
	230.0
	465.5
	278.5
	233.0
	553.0
	293.5
	235.0

	10
	2213.5
	601.5
	306.5
	2422
	485
	289
	2503.0
	571.0
	292.0
	2220.0
	657.5    
	324.5


Observation 1: Cell identification performance under INR 10dB can hardly meet the R8/9 requirement. And cell identification performance under INR 5dB also fails to meet requirements in several cases depending on the SNR.
Observation 2: Enhanced receiver can help to reduce cell identification time to a large degree. 
Observation 3: Simply extending cell identification period such as 1s helps a little.
Table 3-x shows the 90% cell identification time when target cell PCI is known to UE. Inf bellow means search time is longer than simulation time (10000ms). In this case, PCI forwarded to UE helps to reduce PSS/SSS detection complexity and detection time.
Table 3-1 AWGN, 90% cell acquisition time without IC:

	SNR[dB]
INR[dB]
	Case 1
	Case 2
	Case 3
	Case 4

	
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0

	5
	Inf
	502.0
	210.0
	Inf
	Inf
	215
	Inf
	250.0
	207.0
	Inf
	528.5
	210.5

	10
	Inf
	Inf
	Inf
	Inf
	Inf
	Inf
	Inf
	Inf
	448.5
	Inf
	Inf
	525


Table 3-2 EPA5, 90% cell acquisition time without IC:
	SNR[dB]
INR[dB]
	Case 1
	Case 2
	Case 3
	Case 4

	
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0

	5
	1618
	1100
	393.5
	1668.5
	1028
	406
	1819
	1050
	397
	2141
	1040
	415

	10
	Inf
	2070.5
	897
	Inf
	2151
	1235.5
	Inf 
	1970
	1072.5
	Inf 
	2151.5
	1506.5


Table 3-3 ETU30, 90% cell acquisition time without IC:
	SNR[dB]
INR[dB]
	Case 1
	Case 2
	Case 3
	Case 4

	
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0

	5
	Inf
	460
	284.5
	Inf 
	574.0
	307.5
	Inf 
	462.0
	292.5
	1132
	476
	284.5

	10
	Inf 
	Inf
	549.5
	Inf 
	Inf
	646.5
	Inf 
	Inf
	588
	Inf 
	Inf 
	559


Table 3-4 ETU70, 90% cell acquisition time without IC:

	SNR[dB]
INR[dB]
	Case 1
	Case 2
	Case 3
	Case 4

	
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0
	-6
	-3
	0

	5
	Inf 
	378
	255
	Inf 
	452
	265
	Inf 
	411.5
	258
	Inf 
	379
	259

	10
	Inf 
	Inf
	492
	Inf 
	Inf
	575.5
	Inf 
	Inf
	461
	Inf
	Inf 
	461


Observation 4: PCI known to UE helps a little in reducing identification time and several cases can meet the Rel-8/9 requirement.
4. Conclusion 
In this contribution, we provide simulation results for cell identification in EICIC scenarios. Observations are shown bellow:
Observation 1: Cell identification performance under INR 10dB can hardly meet the R8/9 requirement. And cell identification performance under INR 5dB also fails to meet requirements in several cases depending on the SNR.

Observation 2: Enhanced receiver can help to reduce cell identification time to a large degree. 

Observation 3: Simply extending cell identification period such as 1s helps a little.

Observation 4: PCI known to UE helps a little in reducing identification time and several cases can meet the Rel-8/9 requirement.

From the observations, we proposal that: 
Proposal 1: Side condition such as INR 10dB should be excluded and INR 5dB and below to be further investigated.
Proposal 2: Cell identification period should remain 800ms for EICIC scenario. 
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