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1. Introduction
In the RAN4#63AH meeting, much discussion took place on the details of cell search requirements for Rel-11 feICIC purposes. As a result of the discussion, a simulation assumption document [1] was submitted at the end of the meeting, but due to lack of time to achieve consensus, the document was noted rather than agreed. In this contribution, we consider some simulations based on the assumptions listed in [1].
2. Simulation Assumptions and Results
The Table 1 through Table 3 list the main assumptions presented in [1] for the cell identification simulations. There are two sets interferer conditions for the simulations: The first set is labeled with 1-6 and the second set with A-F. The simulated cases A-F follow the assumptions from [1], and are listed in Table 5. The simulated cases 1-6 are listed in Table 4 for comparison, and have some differences from the assumptions in [1].
Table 1:  Simulation Assumptions from [1]
	Parameter
	Unit
	Cell 1, 2
	Cell 0

	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 (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 1,2: (fixed delay)
	Μs
	0
	CP/2

	SNR
	dB
	N=1: 
SNR1 calculated such that (Es/Iot)0 is met;

N=2 (SNR1>SNR2):

SNR1:

· 3 dB, 3.35 dB for (Es/Iot)0=-9 dB

· 3 dB, 3.35 dB, 4 dB, 5 dB for (Es/Iot)0=-10.2 dB 

SNR2: calculated to meet (Es/Iot)0
	[-4]

	Es/Iot
	dB
	calculated based on SNRs to meet (Es/Iot)0
	(Es/Iot)0=[-9 dB], [-10.2 dB]

	Number of Tx antennas
	-
	1
	1

	TDD Uplink-downlink configuration
	
	1
	1

	TDD Special sub-frame configuration
	
	6
	6

	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 (from [1])
	Cell search 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 (from [1])
	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


Table 4: Simulated S/N, I1/N and I2/N combinations and the resulting Es/Iot

	Interferer Setup #
	S/N
	I1/N
	I2/N
	Es/IoT

	1
	-4
	3.35
	-100
	-9.00

	2
	-4
	5
	3
	-11.89

	3
	-4
	6
	4
	-12.75

	4
	-2
	6
	-100
	-8.97

	5
	-4
	3
	1
	-10.29

	6
	-5
	0
	-3
	-8.98


Table 5: Simulated S/N, I1/N and I2/N combinations and the resulting Es/Iot from [1]
	Interferer Setup #
	S/N
	I1/N
	I2/N
	Es/IoT

	A
	-4
	3
	-7.8
	-9.00

	B
	-4
	3.35
	-100
	-9.00

	C
	-4
	3
	0.7
	-10.20

	D
	-4
	3.35
	0
	-10.19

	E
	-4
	4
	-1.8
	-10.20

	F
	-4
	5
	-22
	-10.20


The cell search is scheduled in the same way as in Rel’10: Cell search is performed periodically every 40ms, and 4 instances of PSS/SSS are used for PSS/SSS detection (respectively). PSS is searched first, after which SSS search begins, and after both PSS and SSS searches are completed, UE performs an RSRP measurement over 200ms period. Note that no prior knowledge of the candidate PCI is assumed for these simulations: UE always does the full cell search, i.e. first PSS detection, then SSS detection and finally RSRP measurement over 200ms filtering period. 
2.1. Cell Identification Times
The results for the simulations for cell identification times with the PA5, ETU30 and ETU70 channels are shown in Table 6 (EPA5), Table 7 (ETU30) and  Table 8(ETU70). Note that these results include the 200ms RSRP measurement period in the cell identification time.  None of the simulated cases utilizes PSS/SSS cancellation, to show the performance without any cancellation receivers. Interference levels and cell search should be investigated at both the system and link level with different cell search receiver architectures so as to study the appropriate minimum performance requirements, rather than starting the link level simulations with a implicit assumption on the UE receiver processing. For the most cases, the Rel-10 side condition of -4 dB SNR for the measured cell has been used since this was the tentative agreement in RAN4#63AH. However, for cases 4 & 6, also other values were simulated since those were proposed by [3]  and [2] . Additionally, Cases 2-3 were proposed by [4]. The additional cases A-F were all proposed in the simulation assumptions in [1].
NOTE: Cell identification time has been set to “10000” in cases where the cell identification was not successful enough to provide reliable statistics, i.e. the detection probability was very low. This indicates the cases where the cell search does not really function properly. Also, for cases where the 90% probability for cell detection is >1000ms (i.e. the Rel-10 eICIC cell search time limit), the corresponding row has been marked with red font, to better highlight the cases where cell search performance is worse than Rel-10.
Table 6: Cell Identification delay for 90% detection: EPA5
	Cell detection time + 200ms RSRP measurement
	Cell search case: 1
	Cell search case: 2
	Cell search case: 3
	Cell search case: 4

	Channel model
	Interferer setup
	90%
	Mean
	90%
	Mean
	90%
	Mean
	90%
	Mean

	EPA5
	1
	320
	271.6
	340
	271.92
	320
	270.16
	340
	270.96

	
	2
	1210
	612.56
	1220
	654.16
	1160
	621.92
	1160
	624.88

	
	3
	1650
	818.64
	1740
	867.12
	1590
	800.56
	1670
	816.64

	
	4
	330
	274.24
	340
	274.32
	340
	272
	350
	273.52

	
	5
	710
	408.64
	750
	420.08
	700
	404.32
	720
	413.52

	
	6
	440
	308.48
	440
	310.48
	400
	303.44
	430
	307.44


	Cell detection time
	Cell search case: 1
	Cell search case: 2
	Cell search case: 3
	Cell search case: 4

	Channel model
	Interferer setup
	90%
	Mean
	90%
	Mean
	90%
	Mean
	90%
	Mean

	EPA5
	A
	257
	360
	255.4
	360
	257.8
	360
	256.8
	360

	
	B
	320
	269.76
	320
	270
	320
	268.16
	200
	200

	
	C
	700
	398
	720
	410.88
	660
	395.04
	660
	402

	
	D
	620
	382.16
	660
	393.36
	620
	377.76
	620
	384.56

	
	E
	520
	349.28
	560
	355.12
	540
	346.08
	540
	349.2

	
	F
	400
	289.52
	380
	287.36
	360
	283.44
	400
	288.4


Table 7: Cell Identification delay for 90% detection: ETU30
	Cell detection time + 200ms RSRP measurement
	Cell search case: 1
	Cell search case: 2
	Cell search case: 3
	Cell search case: 4

	Channel model
	Interferer setup
	90%
	Mean
	90%
	Mean
	90%
	Mean
	90%
	Mean

	ETU30
	1
	520
	366
	580
	382.4
	520
	365.68
	560
	370.56

	
	2
	2560
	1189.68
	2880
	1320.88
	2560
	1213.04
	2620
	1307.84

	
	3
	4430
	1899.36
	5170
	2158.64
	4920
	2033.6
	5110
	2151.68

	
	4
	510
	350.88
	540
	367.52
	480
	347.76
	540
	360.24

	
	5
	1060
	585.44
	1180
	640.56
	1140
	611.6
	1140
	624.56

	
	6
	580
	386.88
	650
	409.12
	620
	402.64
	620
	407.12


	Cell detection time
	Cell search case: 1
	Cell search case: 2
	Cell search case: 3
	Cell search case: 4

	Channel model
	Interferer setup
	90%
	Mean
	90%
	Mean
	90%
	Mean
	90%
	Mean

	ETU30
	A
	220.8
	520
	218
	580
	220.4
	520
	221.4
	560

	
	B
	520
	359.04
	560
	378.08
	520
	362.32
	530
	364.72

	
	C
	980
	562.24
	1140
	616
	1080
	591.36
	1100
	600.32

	
	D
	970
	546.96
	1100
	597.92
	1020
	571.68
	1040
	568.08

	
	E
	850
	509.6
	1060
	557.6
	920
	527.36
	970
	531.04

	
	F
	720
	448.32
	780
	471.84
	720
	438.56
	720
	450.72


Table 8: Cell Identification delay for 90% detection: ETU70

	Cell detection time + 200ms RSRP measurement
	Cell search case: 1
	Cell search case: 2
	Cell search case: 3
	Cell search case: 4

	Channel model
	Interferer setup
	90%
	Mean
	90%
	Mean
	90%
	Mean
	90%
	Mean

	ETU70
	1
	660
	400.4
	700
	424.24
	700
	407.04
	670
	401.6

	
	2
	3080
	1357.36
	3580
	1540.32
	3190
	1433.44
	3380
	1521.68

	
	3
	5200
	2110.56
	5200
	2428.96
	5200
	2270.4
	5200
	2337.84

	
	4
	590
	370.8
	640
	384.64
	600
	371.04
	600
	375.2

	
	5
	1160
	600.88
	1340
	680.08
	1340
	663.44
	1360
	678.08

	
	6
	710
	419.6
	770
	448.24
	820
	448.4
	770
	445.2


	Cell detection time
	Cell search case: 1
	Cell search case: 2
	Cell search case: 3
	Cell search case: 4

	Channel model
	Interferer setup
	90%
	Mean
	90%
	Mean
	90%
	Mean
	90%
	Mean

	ETU70
	A
	223.6
	640
	222.8
	700
	225
	690
	224.6
	680

	
	B
	650
	390.64
	690
	418.08
	700
	404.4
	660
	395.52

	
	C
	1100
	587.76
	1260
	667.76
	1230
	635.92
	1330
	663.2

	
	D
	1080
	580.16
	1260
	641.28
	1180
	614.4
	1210
	619.44

	
	E
	980
	534.24
	1130
	594.88
	1070
	579.04
	1060
	581.36

	
	F
	900
	488.96
	1020
	538
	930
	496.24
	880
	495.76


The results indicate that the cases 1, 4, 6, A and B are able to be met for all the cases, whereas cases 2, 3, C, D are showing poor performance especially for ETU30 and ETU70. Case 5 seems to work relatively ok for EPA5, but the performance suffers greatly with the ETU channels. The case F also seems to work for several of the cases, but it should be noted that the performance is very close to the 1000ms limit especially for ETU70.
Based on these results, we conclude that the cell search performance is degraded a significantly once the Es/Iot level drops below ~-10 dB. Additionally, the results with ~-9 dB Es/Iot are performing robustly with all the channel models investigated, so the point -9 dB would be suitable for defining the Es/Iot limit for Rel-11 cell search with feICIC. 

Proposal 1: Cell identification requirements for feICIC should be defined for Es/Iot = -9 dB.

After the RAN4 has decided on the Es/Iot operation point, we suggest that the interferer levels are taken based on the interference analysis presented in e.g [2]. Considering that the requirements should consider both the deployment as well as UE performance verification, we propose to use a single dominating interferer in the cell search requirement, i.e. as per Case 1/Case B, since the cell search performance is good in all configurations for this case.
Proposal 2: Define the feICIC cell search test case for -4 dB measured cell, with dominant interferer of 3.35 dB.
3. Conclusion 

We have presented results on cell identification delay based on the eICIC assumptions. The results indicate that the proposed cell search side conditions of -4 dB for the measured cell and 3.35 dB for the interfering cell can be met in all the tested cases. Hence, we would propose that these values are agreed for the performance requirements of cell identification for Rel-11 feICIC.
Proposal 1: Cell identification requirements for feICIC should be defined for Es/Iot = -9 dB.

Proposal 2: Define the feICIC cell search test case for -4 dB measured cell, with dominant interferer of 3.35 dB.
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