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1.  Introduction
In RAN4 #59AH meeting, agreements on eICIC RLM and RRM requirements are made in [1]. As for cell identification, the agreed way forward is as follows.

· Cell Identification side condition

· Current requirements: Target cell SNR = -4 dB; interfering cell SNR = [1] dB

· Propose to further evaluate cell identification performance until RAN4 #60 on following settings:

· Interfering cell SNR = [1,2,3,4,5] dB

· Target latency [800, 1200, TBD] ms for acquisition.

· Sensitivity to following parameters could be further investigated: X = # of PSS/5ms, Y = # of SSS/PSS,  Z = # of peaks kept/5ms

· Latency for cell identification will be further discussed in RAN4 #60

In this contribution, we analyse sensitivity of cell acquisition time to different X/Y/Z combinations over ETU70 fading channel. Then a set of results is provided over AWGN, EPA5, ETU30 and ETU70 channels under best X/Y/Z combination after comparing the impact of X/Y/Z combinations. Cell identification delay and side conditions are analyzed and proposals are given.
2.  Simulation Scenarios
2.1  Simulation Assumptions
Simulation assumptions are based on the agreed document [3] which provided both synchronous and asynchronous conditions. With the progress of discussion, there are a few modifications of these parameters. Here we list the assumptions for convenience and clarifying revisions.
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
	
	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.


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
	-

	psc2
	25
	-

	psc3
	34
	-

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65


2.2  Cell Identification Procedure

The cell identification procedure consists of three stages, i.e. PSS detection, SSS detection and correlation over CRS.
In the first stage, the UE searches PSS sequence to provide timing information and channel reference for SSS detection. There is one PSS symbol used for timing detection. To improve the probability of identifying target cell with strong interfering cells in synchronous cases, several correlation peaks are saved. In the second stage, there are only one SSS symbol used for frame timing, cell group detection and finally cell ID identification. For each correlation peaks, several cells are kept as candidate cell IDs for further verification. The third stage, i.e. correlation over common reference symbol is performed to verify the candidate cell IDs detected in second stage. Also, several best cell IDs are reported for final decision.
The cell identification duty cycle is 50%, i.e. there are 8 pairs of PSS/SSS and only 4 continuous of them are used for detection in 40ms DRX cycle. The 4 pairs of PSS/SSS are searched separately which means there are 4 search attempts in one DRX cycle and cell ID is considered to be identified if anyone of these four attempts is succeeded. Hence, the minimum detection time is 40ms.
2.3  Simulation Results

In below discussion, X, Y and Z are symbols for number of PSS/5ms, number of SSS/PSS and number of peaks kept/5ms respectively, i.e., X = # of PSS/5ms, Y = # of SSS/PSS,  Z = # of peaks kept/5ms. For instance, X4/Y3/Z4 means combination of 4 PSS/5ms, 3 SSS/PSS and 4 peaks kept/5ms.
 2.3.1 Sensitivity to Parameters
The figures below are based on the simulation results in table 6 listed in Annex where the cell acquisition time sensitivity to X/Y/Z combinations over ETU70 and AWGN are provided. 
Actually the three figures are same due to the same set of data (case1 over ETU70 of all kinds of combination) are used except that they are plotted by different colors, line style and markers for convenience to study sensitivity to different parameters. In simulation, X is taken from 4, 8 and 10, Y is taken from 3 and 6, and Z is taken from 4 and 8.
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Figure 1  Cell identification delay (over ETU70) sensitivity to number of PSS/5ms
In Figure 1, different X with same Y and Z are drawn with same color and different line style and markers. Let’s take blue line for example, dot line with square marker indicates X4/Y3/Z4, dash line with circle marker indicates X8/Y3/Z4 and solid line with left triangular indicates X10/Y3/Z4. From three lines with same color, it can be seen that if X increases from 4 to 8, there is remarkable improvement in cell search delay whereas the improvement is not obvious if X increases from 8 to 10.
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Figure 2 Cell identification delay (over ETU70) sensitivity to number of peaks kept/5ms
In Figure 2, different Y with same X and Z are drawn with same color and different line style and markers. Let’s take blue line for example, dot line with square marker indicates Y3/X4/Z4, and solid line with circle marker indicates Y3/X4/Z4. From the pairs of lines with same color, it can be seen that the improvement in cell search delay is not very obvious even if Y is doubled.
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Figure 3 Cell identification delay (over ETU70) sensitivity to number of SSS/PSS
In Figure 3, different Z with same X and Y are drawn with same color and different line style and markers. Let’s take blue line for example, dot line with square marker indicates Z4/X4/Y3, and solid line with circle marker indicates Z8/X4/Y3. From the pairs of lines with same color, it can be seen that the improvement in cell search delay is remarkable if Y increases from 4 to 8.

Summary: These parameters do impact a lot to cell acquisition time.
2.3.2 Results over Different Channels
Base on the conclusion drawn in section 2.3.1, we provide simulation results over AWGN, EPA5, ETU30, ETU70 channels with X/Y/Z = 10/6/8.

In the simulation results below, the 90th percentile of the intra-frequency cell identification delay is given. Cell 2 represents target cell and Cell 1 represents interfering cell. The cell identification delay shown in the table4 is pure cell identification delay, i.e. it does not include L1 measurement period.
Table 4: Cell Identification delay (ms)
	Channel
	SNR
(Cell 2)
	SNR
(Cell 1)
	SCH Es/Iot 
	Case 1
	Case 2
	Case 3
	Case 4

	AWGN
	-4
	1
	-7.5
	40
	40
	40
	40

	
	
	2
	-8.1
	40
	40
	40
	40

	
	
	3
	-8.8
	40
	40
	40
	40

	
	
	4
	-9.5
	120
	40
	40
	120

	
	
	5
	-10.2
	480
	40
	40
	520

	EPA5
	-4
	1
	-7.5
	40
	40
	40
	40

	
	
	2
	-8.1
	80
	40
	40
	80

	
	
	3
	-8.8
	80
	40
	40
	80

	
	
	4
	-9.5
	120
	80
	40
	120

	
	
	5
	-10.2
	440
	80
	80
	440

	ETU30
	-4
	1
	-7.5
	80
	40
	40
	80

	
	
	2
	-8.1
	80
	80
	80
	80

	
	
	3
	-8.8
	120
	80
	80
	120

	
	
	4
	-9.5
	200
	120
	80
	200

	
	
	5
	-10.2
	520
	200
	120
	520

	ETU70
	-4
	1
	-7.5
	120
	120
	80
	80

	
	
	2
	-8.1
	120
	120
	120
	120

	
	
	3
	-8.8
	200
	200
	160
	160

	
	
	4
	-9.5
	320
	320
	200
	280

	
	
	5
	-10.2
	640
	560
	240
	520


3. Discussion

From the results presented in section 2, the 90th percentile cell identification delay is within 800ms in most cases at Es/Iot = -10.2dB. Assuming 1.4dB implementation margin, the Es/Iot should be changed to -8.8dB, where the combination of target cell SNR and interfering cell SNR are -4dB and 3dB. Considering duty cycle may be less than 50% for saving UE power consumption, the cell acquisition time should be extended. In addition, the acquisition time could be extended more due to less number of PSS per 5ms or less number of peaks kept per 5ms for saving power or resource in reality UE which will eventually increase cell acquisition time. In the previous tentatively agreed conclusions in [2], cell identification delay is extended to [1000] ms at Es/Iot = -7.5dB, i.e. at target cell SNR = -4dB and interfering cell SNR = [-1]dB. Base on those analysis and simulation results provided in this paper, we propose to extend the cell identification delay to [1200] ms at Es/Iot = -8.8dB compared to the 800ms at Es/Iot = -6dB in Rel-8 when no DRX is used.
For no DRX case, the pure acquisition time is 1000ms effectively after removing 200ms measurement period. It means the scaling factor is 1.67 compared to 600ms in Rel-8. For DRX cases, same scaling factor should be applied to the pure acquisition time. Then, cell identification delay when DRX is used can be obtained by adding measurement period to the scaled acquisition time.

The requirement to measure FDD intra-frequency cells is as follows from principle agreed document [4]. 
Table 8.1.2.8.1.2-2: Requirement to measure FDD intra-frequency cells

	DRX cycle length (s)
	Tmeasure_intra_eICIC (s) (DRX cycles)

	≤0.04
	0.2 (Note1)

	0.04<DRX-cycle≤0.16
	Note2 (7)

	0.16<DRX-cycle≤2.56
	Note2 (5)

	Note1:
Number of DRX cycle depends upon the DRX cycle in use

Note2:
Time depends upon the DRX cycle in use


It is noted that the measurement period when 0.04<DRX-cycle≤0.16 is 7DRX cycles under time domain measurement resource restriction whereas it is 5DRX cycles in Rel-8. So after scaling the acquisition time by 1.67 it is 7DRX cycles measurement period that should be pulsed to the scaled acquisition time to get cell identification delay requirement when 0.04<DRX-cycle≤0.16. Unfortunately 0.16s is within 0.128<DRX-cycle≤2.56 which is a field in requirement to identify a newly detectable FDD intra-frequency cell where 5DRX cycles measurement period will be used. So a break point for 0.16s DRX cycle length is needed.
Table5 Requirement to identify a newly detectable FDD intra-frequency cell
	DRX cycle length (s)
	Tidentify_intra_eICIC (s) (DRX cycles)

	≤0.04
	[1.2] (Note1)

	0.04<DRX-cycle≤0.08
	Note2 ([65])

	0.128
	[5.25] ([40])

	0.16
	[5.28] ([32])

	0.16<DRX-cycle≤2.56
	Note2 ([30])

	Note1:
Number of DRX cycle depends upon the DRX cycle in use

Note2:
Time depends upon the DRX cycle in use


Proposal 1: cell identification side condition should be set to Es/Iot = [-8.8]dB, i.e. target cell SNR to -4dB and interfering cell SNR to [3] dB.

Proposal 2: cell identification requirements should be set to [1200] ms for no DRX case. For DRX case the pure acquisition time should be extended to 1.67 times, and then corresponding measurement period added to obtain final cell identification delay.
4. Conclusions
In this paper we presented updated simulations results and discussed the cell identification requirements. Based on the analysis above we make some proposals:

Proposal 1: cell identification side condition should be set to Es/Iot = [-8.8]dB, i.e. target cell SNR to -4dB and interfering cell SNR to [3] dB.

Proposal 2: cell identification requirements should be set to [1200] ms for no DRX case. For DRX case the pure acquisition time should be extended to 1.67 times, and then corresponding measurement period added to obtain final cell identification delay.
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6. Annex
Simulation results for sensitivity to kinds of parameters are listed below.
Table 6  Cell Identification delay over ETU70 and AWGN (ms)
	# of peaks (X/Y/Z)
	SNR
(Cell 2)
	SNR
(Cell 1)
	SCH Es/Iot 
	ETU70
	AWGN

	
	
	
	
	Case 1
	Case 2
	Case 3
	Case 4
	Case 1
	Case 2
	Case 3
	Case 4

	4/3/4
	-4
	1
	-7.5
	120
	120
	120
	120
	40
	40
	40
	40

	
	
	2
	-8.1
	200
	200
	120
	200
	80
	40
	40
	80

	
	
	3
	-8.8
	320
	320
	200
	320
	160
	40
	40
	200

	
	
	4
	-9.5
	720
	640
	240
	640
	1040
	120
	80
	1480

	
	
	5
	-10.2
	1840
	1360
	320
	1480
	-1
	560
	200
	-1

	4/3/8
	-4
	1
	-7.5
	120
	120
	80
	120
	40
	40
	40
	40

	
	
	2
	-8.1
	160
	160
	80
	160
	80
	40
	40
	80

	
	
	3
	-8.8
	280
	280
	120
	280
	160
	40
	40
	200

	
	
	4
	-9.5
	560
	480
	120
	480
	1000
	80
	40
	1320

	
	
	5
	-10.2
	1320
	840
	160
	1200
	-1
	400
	40
	-1

	4/6/4
	-4
	1
	-7.5
	120
	120
	120
	120
	40
	40
	40
	40

	
	
	2
	-8.1
	200
	200
	160
	200
	80
	40
	40
	80

	
	
	3
	-8.8
	320
	280
	200
	320
	200
	40
	40
	200

	
	
	4
	-9.5
	640
	520
	240
	680
	1200
	120
	120
	1560

	
	
	5
	-10.2
	1600
	1080
	360
	1720
	-1
	520
	280
	-1

	4/6/8
	-4
	1
	-7.5
	120
	120
	80
	120
	40
	40
	40
	40

	
	
	2
	-8.1
	160
	160
	80
	160
	40
	40
	40
	80

	
	
	3
	-8.8
	280
	240
	120
	280
	160
	40
	40
	160

	
	
	4
	-9.5
	480
	400
	120
	520
	1000
	80
	80
	1320

	
	
	5
	-10.2
	1200
	680
	160
	1200
	-1
	360
	80
	-1

	8/3/4
	-4
	1
	-7.5
	120
	120
	120
	120
	40
	40
	40
	40

	
	
	2
	-8.1
	160
	200
	120
	160
	40
	40
	40
	40

	
	
	3
	-8.8
	240
	280
	200
	200
	80
	40
	40
	80

	
	
	4
	-9.5
	480
	560
	280
	360
	160
	40
	40
	160

	
	
	5
	-10.2
	1080
	1280
	440
	800
	1120
	80
	80
	1160

	8/3/8
	-4
	1
	-7.5
	120
	120
	80
	120
	40
	40
	40
	40

	
	
	2
	-8.1
	120
	160
	120
	120
	40
	40
	40
	40

	
	
	3
	-8.8
	200
	240
	120
	160
	80
	40
	40
	40

	
	
	4
	-9.5
	360
	400
	160
	280
	160
	40
	40
	160

	
	
	5
	-10.2
	760
	720
	200
	600
	800
	80
	40
	800

	8/6/4
	-4
	1
	-7.5
	120
	120
	120
	120
	40
	40
	40
	40

	
	
	2
	-8.1
	160
	160
	160
	160
	40
	40
	40
	40

	
	
	3
	-8.8
	240
	240
	200
	240
	80
	40
	40
	80

	
	
	4
	-9.5
	440
	440
	320
	400
	200
	40
	40
	200

	
	
	5
	-10.2
	1040
	960
	480
	960
	1280
	80
	80
	1240

	8/6/8
	-4
	1
	-7.5
	80
	120
	80
	80
	40
	40
	40
	40

	
	
	2
	-8.1
	120
	160
	120
	120
	40
	40
	40
	40

	
	
	3
	-8.8
	200
	200
	120
	200
	80
	40
	40
	40

	
	
	4
	-9.5
	360
	320
	160
	320
	160
	40
	40
	160

	
	
	5
	-10.2
	680
	600
	240
	640
	760
	80
	40
	880

	10/3/4
	-4
	1
	-7.5
	120
	120
	120
	120
	40
	40
	40
	40

	
	
	2
	-8.1
	160
	160
	120
	120
	40
	40
	40
	40

	
	
	3
	-8.8
	200
	280
	200
	200
	40
	40
	40
	40

	
	
	4
	-9.5
	440
	520
	280
	360
	120
	40
	40
	120

	
	
	5
	-10.2
	1160
	1200
	480
	760
	680
	80
	40
	640

	10/3/8
	-4
	1
	-7.5
	120
	120
	80
	80
	40
	40
	40
	40

	
	
	2
	-8.1
	120
	160
	120
	120
	40
	40
	40
	40

	
	
	3
	-8.8
	200
	240
	120
	160
	40
	40
	40
	40

	
	
	4
	-9.5
	320
	400
	200
	280
	120
	40
	40
	120

	
	
	5
	-10.2
	760
	640
	240
	480
	480
	40
	40
	480

	10/6/4
	-4
	1
	-7.5
	120
	120
	120
	120
	40
	40
	40
	40

	
	
	2
	-8.1
	160
	160
	160
	160
	40
	40
	40
	40

	
	
	3
	-8.8
	240
	240
	200
	240
	80
	40
	40
	80

	
	
	4
	-9.5
	440
	520
	320
	400
	160
	40
	40
	160

	
	
	5
	-10.2
	1040
	1000
	480
	840
	760
	80
	80
	720

	10/6/8
	-4
	1
	-7.5
	80
	120
	80
	80
	40
	40
	40
	40

	
	
	2
	-8.1
	120
	120
	120
	120
	40
	40
	40
	40

	
	
	3
	-8.8
	200
	200
	160
	160
	40
	40
	40
	40

	
	
	4
	-9.5
	320
	320
	200
	280
	120
	40
	40
	120

	
	
	5
	-10.2
	640
	560
	240
	520
	440
	40
	40
	480


Note: -1 indicates target cell (Cell 2) was not searched within 3s.
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