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1 Introduction

In RAN4 #59 meeting, the side conditions for cell identification were discussed and defined in [1], which can be listed as follows: 
· Cell Identification

· Target cell SNR = -4 dB

· Interfering cell SNR = [1] dB, i.e., SCH Es/Iot = -7.5 dB

· Cell identification time 

· no DRX case:  Tbasic_identify_E-UTRA_FDD, intra  of 800ms is extended to [1] second  to account for increase of acquisition time of 600ms to 800ms (1.33 x)

· DRX case:  [1.33x ] compared to Rel-8
Compared to R8/9, the cell identification times in DRX are expended is listed the following table.
Table1: Requirement to identify a newly detectable FDD intra-frequency cell
	DRX cycle length (s) 
	Tidentify_intra (s) (DRX cycles) 

	≤0.04 
	0.8 (Note1) => [1] 

	0.04<DRX-cycle≤0.08 
	Note2 (40) => ([53]) 

	0.128 
	3.2 (25) => [4.22] ([33]) 

	0.128<DRX-cycle≤2.56 
	Note2(20) => ([26]) 

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

Note2: Time depends upon the DRX cycle in use 


However, for the above table, some issues are found. In the following, these issues will be discussed in detail and some proposals will be provided. 
2 Discussion
2.1  Issue 1
In [1], considering for “pure” cell research time from 600ms is enlarged to 800ms in non-DRX case, i.e. 1.33x. Then, in the case of DRX, cell identification time is enlarged 1.33x too. In fact, in the case of DRX, it is reasonable that only pure cell research time is enlarged 1.33x. The total cell identification time should be 1.33x + 5DRX cycles. 5DRX cycle is to use for RSRP measurement [3]. Based on the analysis, Table 2 can be obtained. 
Proposal 1:  In the case of DRX state, the cell identification time should be 1.33x + 5DRX cycles. 
                   Table2: Requirement to identify a newly detectable FDD intra-frequency cell
	DRX cycle length (s) 
	Tidentify_intra (s) (DRX cycles) 

	≤0.04 
	0.8 (Note1) => [1] 

	0.04<DRX-cycle≤0.08 
	Note2 (40) => ([52]) 

	0.128 
	3.2 (25) => [4.10] ([32]) 

	0.128<DRX-cycle≤2.56 
	Note2(20) => ([25]) 

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

Note2: Time depends upon the DRX cycle in use 


2.2 Issue 2
In the table 1, in the case of 0.04<DRX-cycle≤0.08, the corresponding cell identification time is 
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.  If the measurement time of RSRP is subtracted from 4240ms, the pure cell research cell time is 3840ms (
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In the case of DRX cycle=128ms, the cell identification time including RSRP measurement time is 4220ms (
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. Because 3584ms is shorter than 3840ms, it means that the longer the DRX cycle is, the shorter the cell research time is. It is not reasonable obviously. Therefore, the following proposal is obtained.

Proposal2:  In the case of DRX cycle=128ms, the cell identification is suggested as 35 DRX cycles, i.e. 4608ms.  

2.3 Issue 3

When DRX cycle =160ms, according to the table 1 indication, the cell identification time is 
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. But, when DRX cycle =128ms, the cell identification time is 
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. Therefore, the cell identification time when DRX cycle=160ms should be enlarged. 
Proposal 3:  In the case of DRX cycle=160ms, the cell identification is suggested as 30 DRX cycles, i.e. 4800ms.  

3 Conclusion
Based on the above analysis, the following cell identification requirements are proposed.

Table3: Requirement to identify a newly detectable FDD intra-frequency cell
	DRX cycle length (s)
	Tidentify_intra (s) (DRX cycles)

	≤0.04
	0.8 (Note1) => [1]

	0.04<DRX-cycle≤0.08
	Note2 (40) => ([52])

	0.128
	3.2 (25) => [4.48] ([35])

	0.16
	[4.8] ([30])

	0.16<DRX-cycle≤2.56
	Note2(20) => ([25])

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

	Note2: Time depends upon the DRX cycle in use


The requirement to identify a newly detectable FDD intra-frequency cell is validated reasonable by link simulation. The simulation results and assumptions are attached in the annex. 
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5 Text Proposal
8.1.2.2.1.2

E-UTRAN intra frequency measurements when DRX is used

When DRX is in use the UE shall be able to identify a new detectable FDD intra frequency cell within Tidentify_intra as shown in table 8.1.2.2.1.2-1[3]
Table 8.1.2.2.1.2-1: Requirement to identify a newly detectable FDD intrafrequency cell
	DRX cycle length (s)
	Tidentify_intra (s) (DRX cycles)

	≤0.04
	0.8 (Note1) => [1]

	0.04<DRX-cycle≤0.08
	Note2 (40) => ([52])

	0.128
	3.2 (25) => [4.48] ([35])

	0.16
	[4.8] ([30])

	0.16<DRX-cycle≤2.56
	Note2(20) => ([25])

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

	Note2: Time depends upon the DRX cycle in use


A cell shall be considered detectable when 

-
RSRP related side condition given in Section 9.1 are fulfilled for a corresponding Band,

-
 SCH_RP|dBm > -127 dBm for Bands 1, 4, 6, 10, 11, 18, 19, 21, 24 and SCH  Ês/Iot  > - 7.5 dB.

-
SCH_RP|dBm( -126 dBm for Band 9 and SCH Ês/Iot  > - 7.5 dB,

-
SCH_RP |dBm( -125 dBm for Bands 2, 5, 7 and SCH Ês/Iot  > - 7.5 dB,

-
SCH_RP |dBm( -124 dBm for Bands 3, 8, 12, 13, 14, 17, 20 and SCH Ês/Iot > - 7.5 dB.
6 Annex
6.1 Simulation results

The actual cell identification times are simulated. The simulation assumptions are the same as in [3], except interference cell SNR=1dB and serving cell SNR=-4dB.  The value of onDurationTimer is 5ms. Only the synchronization cases are simulated. The identification times for AWGN and ETU30 which have longer research time compared to the other channel models. 

Table 4: Cell identification times for intra-frequency with DRX 

	DRX cycle length (ms)
	Tidentify_intra (ms) (DRX cycles)
	Ês/Iot (dB)
	Channel
	Case 1
	Case 2
	Case 3
	Case 4

	40
	≤1000(25) - 200(5) =800 (20)
	-7.5
	AWGN
	245 (7)
	285 (8)
	85 (3)
	45 (2)

	
	
	
	ETU30
	445 (12)
	565 (15)
	325 (9)
	485 (13)

	80
	≤4160(52) - 400(5) =3760 (47)
	-7.5
	AWGN
	485 (7)
	565 (8)
	165 (3)
	85 (2)

	
	
	
	ETU30
	1125 (15)
	1125 (15)
	725 (10)
	885 (12)

	128
	≤4480(35) - 640(5) =3840 (30)
	-7.5
	AWGN
	773 (7)
	901 (8)
	261 (3)
	133 (2)

	
	
	
	ETU30
	1541 (13)
	2053 (17)
	1285 (11)
	1669 (14)

	2560
	≤64000(25) - 12800(5) =51200 (20)
	-7.5
	AWGN
	15365 (7)
	17925 (8)
	5125 (3)
	2565 (2)

	
	
	
	ETU30
	40965 (17)
	30725 (13)
	20485 (9)
	28165 (12)


6.2 Simulation assumptions
Table 5: 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

	1) Relative Delay of 1st Path (synchronous)
	μs
	0
	CP/2

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	μs
	0
	3.0 ms

	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


Table 6: 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

	 5
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	Asynchronous

	6
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	Asynchronous

	7
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	Asynchronous

	8
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	Asynchronous


Table 7: 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
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