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1. Introduction
In the last RAN4 meeting, simulation results for cell identification performance in eICIC scenarios were provided in [3]~[8]. However no agreement was reached and it is proposed to align simulations between companies in Barcelona meeting. This contribution provides updated simulation results with results for serving cell SNR at -4dB added. 
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, 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


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
For results alignment, 200ms measurement period is removed from the cell identification time. 
· Target cell PCI unknown to UE

Table 1-1 shows the 90% cell identification time when target cell PCI is unknown to UE. Table 1-2 gives the performance with IC. Inf bellow means search time is longer than simulation time (10000ms). Observations from the results are also listed.
Table 1-1, 90% cell acquisition time without IC:
	CHANN
	INR
	SNR
	CELL ID

	
	
	
	113
	112
	196
	110

	AWGN
	5
	0
	13
	18
	10
	13.5

	
	5
	-3
	305.5
	2788
	53.5
	331.5

	
	5
	-4
	2340
	Inf
	177.5
	681.5

	
	5
	-6
	Inf   
	Inf   
	Inf
	Inf

	
	10
	0
	Inf   
	Inf   
	255
	385

	
	10
	-3
	Inf   
	Inf   
	Inf   
	Inf 

	
	10
	-4
	Inf   
	Inf   
	Inf   
	Inf 

	
	10
	-6
	Inf   
	Inf   
	Inf   
	Inf 

	EPA5

　

　

　

　

　
	5
	0
	192.0
	221.0
	221.5
	213.5

	
	5
	-3
	523.0
	446.5
	542.5
	572.5

	
	5
	-4
	608.0
	746.5
	853.5
	870.5

	
	5
	-6
	1360.0
	1429.5
	1411.5
	1565.0

	
	10
	0
	603.0
	785.5
	750.5
	661.0

	
	10
	-3
	1765.0
	1897.0
	1614.0
	1977.0

	
	10
	-4
	1897.5
	2258.0
	2037.5
	2430.0

	
	10
	-6
	4584.5
	5446.0
	2932.0
	4966.0

	ETU30

　

　

　

　

　
	5
	0
	87.5
	111
	95.5
	87.5

	
	5
	-3
	263
	377
	265
	279

	
	5
	-4
	364
	559
	375
	381.5

	
	5
	-6
	2182.5
	1319
	1480
	935

	
	10
	0
	352
	479.5
	391
	362

	
	10
	-3
	2556
	2243.5
	2876.5
	1891

	
	10
	-4
	2224.0
	3031.5
	1977.5
	2259.5

	
	10
	-6
	Inf
	Inf
	6790
	3840

	ETU70

　

　

　

　

　
	5
	0
	58
	68
	61
	62

	
	5
	-3
	181
	255
	214.5
	182

	
	5
	-4
	311
	371.5
	305
	294

	
	5
	-6
	1276.5
	1237
	974.5
	626.5

	
	10
	0
	295
	378
	264
	264

	
	10
	-3
	1911
	2715
	1448
	1006.5

	
	10
	-4
	2148
	4926
	3530.5
	1996

	
	10
	-6
	Inf
	Inf
	6998.5
	4580


Observation 1: Without IC, side conditions (SNR [-4dB], INR[5dB]) and case(SNR [0dB], INR[10dB]) seem to be possible to meet the R8/9 requirement in most cases(ETU30,ETU70). 

Observation 2: Some AWGN and EPA5 cases can not meet the R8/9 requirement unless the identification period is extended.    

Table 1-2, 90% cell acquisition time with IC:
	CHANN
	INR
	SNR
	CELL ID

	
	
	
	113
	112
	196
	110

	AWGN
	5
	0
	10
	10
	10
	10

	
	5
	-3
	16.5
	10
	10
	19

	
	5
	-4
	39.5
	11
	11
	49

	
	5
	-6
	520
	64.5
	55.5
	630

	
	10
	0
	52
	10
	10
	64

	
	10
	-3
	4580
	204
	190.5
	Inf

	
	10
	-4
	Inf
	1119
	863.5
	9620

	
	10
	-6
	Inf
	Inf
	8940
	Inf

	EPA5

　

　

　

　

　
	5
	0
	113.5
	124.0
	121.0
	127.5

	
	5
	-3
	270.5
	229.0
	251.5
	284.0

	
	5
	-4
	411.0
	347.0
	358.5
	367.0

	
	5
	-6
	774.0
	805.5
	804.5
	668.0

	
	10
	0
	356.0
	346.0
	349.0
	379.0

	
	10
	-3
	941.0
	1034.0
	1035.0
	917.0

	
	10
	-4
	1340.0
	1166.5
	1309.0
	1492.5

	
	10
	-6
	4003.5
	1965.5
	1756.5
	4023.5

	TU30

　

　

　

　

　
	5
	0
	50
	47.5
	48
	55

	
	5
	-3
	117
	126.5
	131.5
	125.5

	
	5
	-4
	166.5
	180.5
	177.0
	196.0

	
	5
	-6
	392.5
	471
	452
	519.5

	
	10
	0
	194.5
	143
	142
	226.5

	
	10
	-3
	572
	367
	417.5
	561

	
	10
	-4
	1004
	730
	746.5
	1550

	
	10
	-6
	2579
	1863.5
	1994
	3359

	TU70

　

　

　

　

　
	5
	0
	30
	30
	33
	35

	
	5
	-3
	88.5
	76.5
	78.5
	93.5

	
	5
	-4
	123.5
	107.0
	119.0
	141.5

	
	5
	-6
	326
	268
	265.5
	353

	
	10
	0
	106.5
	89
	92
	124.5

	
	10
	-3
	401.5
	285
	371
	457.5

	
	10
	-4
	967.0
	517
	400
	1070

	
	10
	-6
	2013.5
	2222
	2303
	2020


Observation 3: Enhanced receiver can help to reduce cell identification time to a large degree. 
· Target cell PCI known to UE
According to the results in [3][6], we can find that target cell PCI known to UE helps little. 
Table 2-1 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 2-1, 90% cell acquisition time without IC:
	CHANN
	INR
	SNR
	CELL ID

	
	
	
	113
	112
	196
	110

	AWGN
	5
	0
	10.0
	15
	10.0
	10.5

	
	5
	-3
	302.0
	Inf
	50.0
	328.5

	
	5
	-6
	Inf
	Inf
	Inf
	Inf

	
	10
	0
	Inf
	Inf
	248.5
	325

	
	10
	-3
	Inf
	Inf
	Inf
	Inf

	
	10
	-6
	Inf
	Inf
	Inf
	Inf

	EPA5

　

　

　

　

　
	5
	0
	192.0
	221.0
	221.5
	213.5

	
	5
	-3
	523.0
	446.5
	542.5
	572.5

	
	5
	-6
	1360.0
	1429.5
	1411.5
	1565.0

	
	10
	0
	603.0
	783.5
	750.5
	661.0

	
	10
	-3
	1765.0
	1896.5
	1614.0
	1977.0

	
	10
	-6
	4584.5
	5446.0
	2932.0
	4966.0

	TU30

　

　

　

　

　
	5
	0
	84.5
	107.5
	92.5
	84.5

	
	5
	-3
	260
	374.0
	262.0
	276

	
	5
	-6
	Inf
	Inf
	Inf
	1132

	
	10
	0
	349.5
	446.5
	388
	359

	
	10
	-3
	Inf
	Inf
	Inf
	Inf

	
	10
	-6
	Inf
	Inf
	Inf
	Inf

	TU70

　

　

　

　

　
	5
	0
	55
	65
	58
	59

	
	5
	-3
	178
	252
	211.5
	179

	
	5
	-6
	Inf
	Inf
	Inf
	Inf

	
	10
	0
	292
	375.5
	261
	261

	
	10
	-3
	Inf
	Inf
	Inf
	Inf

	
	10
	-6
	Inf
	Inf
	Inf
	Inf


Observation 4: PCI known to UE helps little in reducing identification time.
4. Conclusion 
In this contribution, we provide updated simulation results for cell identification in EICIC scenarios. Observations are shown bellow:
Observation 1: Without IC, side condition (SNR [-4dB], INR[5dB]) and case(SNR [0dB], INR[10dB]) seem to be possible to meet the R8/9 requirement in most cases. 

Observation 2: Some AWGN and PA5 cases can not meet the R8/9 requirement unless the identification period is extended.    
Observation 3: Enhanced receiver can help to reduce cell identification time to a large degree.
Observation 4: PCI known to UE helps little in reducing identification time.
From the observations, we proposal that: 
Proposal 1: Side condition should be (SNR [-4dB], INR[5dB]) or case(SNR [0dB], INR[10dB]), which means S/I should be larger than -9dB~-10dB.
Proposal 2: Increasing cell identification period for EICIC scenario could be further investigated. 
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