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1. Introduction
In the RAN4#64 meeting, it was agreed stating that 2 interferers should be modelled for feICIC core requirements and test cases with 9 dB CRE. In RAN4#64bis, RAN4 further agreed that the interfering cell conditions should be set to 4 dB for the 1st interfering cell and 2 dB for the 2nd interfering cell. The exact assumptions for the cell search performance evaluations were the agreed in [3]. In this contribution, based on the agreed simulation assumptions, we present results for evaluating the performance of cell search with both 1-cell and 2-cell PSS/SSS cancellation.
2. Simulation Assumptions and Results
Table 1 – Table 3 list the main assumptions presented in [3] for the cell detection simulations. 

Table 1:  Simulation Assumptions from [3]
	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)
	ms
	0
	CP/2

	SNR
	dB
	SNR1: 4 dB, SNR2: 2 dB
	-4

	(Es/Iot)0
	dB
	Calculated based on SNRs
	(Es/Iot)0= -11.07 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: PSS/SSS sequence combinations for Cell 0, Cell 1 and Cell 2 (from [3])
	Case #
	Cell 0
(Target cell)
	Cell 1

(Strongest interferer) 
	Cell 2

(Weaker interferer)

	
	PSS
	SSS
	PCI
	PSS
	SSS
	PCI
	PSS
	SSS 
	PCI

	 1
	psc3
	fssc1a, fssc1b
	 17
	psc3
	fssc2a, fssc1b
	269
	psc1
	fssc2a, fssc1b
	268

	2
	psc3
	fssc1a, fssc1b
	 17
	psc3
	fssc3a, fssc1b
	347
	psc2
	fssc1a, fssc1b
	 15

	3
	psc1
	fssc1a, fssc2b
	106
	psc1
	fssc4a, fssc2b
	190
	psc2
	fssc3a, fssc2b
	423

	4
	psc3
	fssc1a, fssc2b
	107
	psc3
	fssc3a, fssc2b
	425
	psc3
	fssc3a, fssc1b
	347

	5
	psc3
	ssc3a, ssc3b
	113
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc2a, ssc2b
	120

	6
	psc1
	ssc3a, ssc3b
	112
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc2a, ssc2b
	120

	7
	psc1
	ssc1a, ssc3b
	196
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc2a, ssc2b
	120

	8
	psc3
	ssc1a, ssc1b
	110
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc2a, ssc2b
	120

	9
	psc3
	ssc1a, ssc1b
	110
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc1a, ssc1b
	108

	10
	psc1
	ssc3a, ssc3b
	112
	psc1
	ssc1a, ssc1b
	109
	psc1
	ssc2a, ssc2b
	121


Table 3: PSS, SSS indices for simulations (from [3]), with SSS collision information between SSS groups
	Label
	PSS/SSS group
	Code index
	Identity within group (PSS) / Cell group index (SSS)

	1
	psc1
	29
	1

	2
	psc2
	25
	0

	3
	psc3
	34
	2

	A
	(fssc1a, fssc1b)
	(5, 6)
	5

	B
	(fssc2a, fssc1b)
	(2 6)
	89

	C
	(fssc3a, fssc1b)
	(1,6)
	115

	D
	(fssc1a, fssc2b)
	(5,7)
	35

	E
	(fssc4a, fssc2b)
	(4,7)
	63

	F
	(fssc3a, fssc2b)
	(1,7)
	141

	G
	(ssc1a, ssc1b)
	(6, 8)
	36

	H
	(ssc2a, ssc2b)
	(10, 12)
	40

	I
	(ssc3a, ssc3b)
	(7, 9)
	37

	J
	(ssc1a, ssc3b)
	(6, 9)
	65


Cell search procedure and PSS/SSS cancellation

The cell search is scheduled in much 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, and the SSS search begins after PSS has been detected. After both PSS and SSS have been detected, UE performs an RSRP measurement over 200ms period. 
The PSS/SSS cancellation is done in a simple sequential manner: The strongest signal is cancelled first and then the second-strongest signal. Note that SFN synchronization is assumed as per previous RAN4 agreements, so that the UE knows the times when the PSS/SSS sequences are colliding.

Note 1: As per simulation assumptions, 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. 
Note 2: These results are only for the cell detection delay, i.e. the RSRP measurement time is not been included in these results. 
3. PSS/SSS collision probabilities

To better understand the relevance of the various cell search cases agreed to be simulated, we consider the PSS/SSS collision probabilities in the different cases. 

Based on the results shown earlier in [1] and [2], we computed the actual PSS collision (i.e. two cells using the same PSS) probabilities for all the different cases. These are illustrated in Table 4, along with the observed probabilities for the collision case occurring. Since the CRS positions are determined by the PSS assignment, this analysis will determine the probability of having certain CRS collision scenario.

Note that the notation here is that the cell 1 is the measured cell and the cells 2 and 3 are the interfering cells.
Table 4: PSS collision probabilities for 9 dB CRE under planned macro deployments
	Collision probability analysis: PSS
	PSSi assignment (mod 3) + Collisions
	Probability to encounter

	
	PSS1
	PSS2
	PSS3
	Collision

	

	All non-colliding
	0
	1
	2
	NNN
	32.81%

	No collision for searched cell, but Interferers collide
	0
	1
	1
	NCC
	1.42%

	Collision with 2nd interferer
	0
	1
	0
	CNC
	32.53%

	Collision with 1st interferer
	0
	0
	1
	CCN
	32.56%

	All 3 cells collide
	0
	0
	0
	CCC
	0.68%


From the probabilities in Table 4, we can observe that while the probability for the measured cell having PSS collision with one cell (i.e. either of the interferers but not both) is a very probable case (~65% chance that such collision occurs), it is rather improbable that the measured cell PSS would collide with both of the two interfering cells: These results indicate the probability for such a case is only about 0.68%. This is due to the fact that the macro network is well-planned and the PCIs of the two dominant macro interferers collide very rarely.
Observation 1: PSS collision between measured and interfering cell happens frequently (in ~65% of the cases) under the 9 dB CRE.
Observation 2: Full PSS collision between 3 cells happens very rarely (in ~0.68% of the cases) under the 9 dB CRE.

Next, we consider the probability for SSS collisions: Since the SSS assignment does not affect the CRS collision and there are 168 distinct SSS sequences, we consider the most straightforward allocation would be to have SSS be allocated randomly. Therefore, we can calculate the probability for the measured cell of having a SSS collision between the interfering cells. The resulting probabilities are illustrated in Table 6.
Table 5. SSS collision probabilities for random SSS assignments
	Collision probability analysis: PSS
	SSSi assignment (mod 3) + Collisions
	Probability to encounter

	
	SSS1
	SSS2
	SSS3
	Collision

	

	All non-colliding
	0
	1
	2
	NNN
	98.22%

	No collision for searched cell, but Interferers collide
	0
	1
	1
	NCC
	0.59%

	Collision with 2nd interferer
	0
	1
	0
	CNC
	0.59%

	Collision with 1st interferer
	0
	0
	1
	CCN
	0.59%

	All 3 cells collide
	0
	0
	0
	CCC
	0.0035%


As we see from Table 6, due to the fact that there are 168 distinct SSS sequences, the probability that the SSS from two cells would collide is rather low: In fact, the probability of non-collision for SSS is ~98%, and the probability that all 3 cells would have colliding SSS is practically negligible (~0.0035%). The probability of having a collision between just the measured cell and one interferer is somewhat higher (~1.18%), but still not very large.
Observation 2: SSS collision between measured cell and interfering cell happens rarely (in ~1.18% of the cases) 

Observation 3: SSS collision between 3 cells happens extremely rarely (in ~0.0035% of the cases).
Finally, we would note that the above analysis for the SSS collisions was done based on elementary probability theory: In practice, due to the requirement for having no PCI collision between two eNBs sharing the same coverage (i.e. a case where two eNBs would have exactly the same PCI and a UE could be measuring both of the eNBs), cases where both PSSS and SSS would collide with the same cell cannot happen. Therefore, the probabilities should be modified a bit further: Since the SSS collision probabilities in Table 5 contain also the cases where the PSS could be colliding, we can deduce that the probabilities for SSS collisions could be even lower taking this constraint into account. 

Based on the above analysis for PSS/SSS collision probabilities, we can combine the PSS/SSS collisions probabilities to analyse the collision probabilities for the RAN4-agreed cases (as seen in Table 3). This analysis is presented in Table 6 below.
Table 6: Analysis of the probability of the collision cases occurring in practical deployments
	Case #
	PSS/SSS Code groups
	Collisions for PSS/SSS?
	Probability of happening in  planned macro deployment 

	1
	PSS: 331

SSS: ABB
	PSS collision for measured and strongest interferer

SSS collision between interferers
	0.19%

	2
	PSS: 332

SSS: ACA
	PSS collision for measured and strongest interferer

SSS collision between measured cell and 2nd interferer  
	0.19%

	3
	PSS: 112

SSS: DEF
	PSS collision for measured and strongest interferer

No SSS collision
	31.98%

	4
	PSS: 333

SSS: DFC
	PSS collision between all cells

No SSS collision
	0.67%

	5
	PSS: 312

SSS: IGH
	No PSS collision

No SSS collision
	32.23%

	6
	PSS: 112

SSS: JIH
	PSS collision for measured and strongest interferer

No SSS collision
	31.98%

	7
	PSS: 112

SSS: 
JGH
	PSS collision for measured and strongest interferer
No SSS collision
	31.98%

	8
	PSS: 312

SSS: GGH
	No PSS collision
SSS collision between measured cell and 1st interferer
	0.19%

	9
	PSS: 312

SSS: GGG
	No PSS collision
Full SSS collision
	0.0012%

	10
	PSS: 111

SSS: IGH
	PSS collision between all cells

No SSS collision
	0.67%


Observation 4: For planned deployments, the probability for any of the Cases 1, 2, 4, 8 and 10 occurring is low. The probability for Case 9 occurring is extremely low.
It is beneficial that RAN4 has performed extremely comprehensive link level studies of IC based cell detection for the purposes of developing core requirements; on the other hand for test cases it would be important that good UE performance is verified in more commonly occurring cases. Based on table 6, scenarios 3, 5, 6, or 7 would therefore seem an appropriate choice for the later performance phase of the work, when RAN4 considers test case PCI settings.
3.1. Results for Cell Search with 1-cell and 2-cell PSS/SSS cancellation 
The results for the simulations for cell detection times with the AWGN, EPA5, ETU30 and ETU70 channels are shown in Table 7 (AWGN), Table 8 (EPA5), Table 9 (ETU30) and Table 10(ETU70). Note that these results do not include the 200ms RSRP measurement period in the cell detection time.  Each table lists the results for two simulated cases: PSS/SSS cancellation for the strongest interferer (1-cell cancellation) and PSS/SSS cancellation for both interferers (2-cell cancellation). 
NOTE: For cases where the 90% probability for cell detection is >600ms, the corresponding row has been marked with red font, to better highlight the cases where cell search performance is worse than Rel-10. For cases where the cell detection time is <600ms, the corresponding row has been marked with green font.
Table 7: Cell Detection: 90% and mean detection time: AWGN
	Channel: AWGN
	1-Cell cancellation
	2-Cell cancellation

	PSS/SSS cancellation usage
	Cell search case#
	90% det. Time [ms]
	Mean Det. Time [ms]
	90% det. Time [ms]
	Mean Det. Time [ms]

	Cell SNR setup: 

(-4, 4, 2) dB
	1
	80
	49.4
	40
	40.0

	
	2
	80
	51.1
	120
	65.5

	
	3
	80
	46.6
	40
	40.1

	
	4
	40
	43.0
	80
	46.6

	
	5
	80
	47.8
	40
	40.0

	
	6
	40
	42.3
	40
	40.0

	
	7
	40
	41.3
	40
	40.0

	
	8
	40
	40.4
	40
	40.0

	
	9
	80
	47.1
	40
	40.0

	
	10
	160
	80.5
	160
	77.6


Table 8: Cell Detection: 90% and mean detection time: EPA5

	Channel: EPA5
	1-Cell cancellation
	2-Cell cancellation

	PSS/SSS cancellation usage
	Cell search case#
	90% det. Time [ms]
	Mean Det. Time [ms]
	90% det. Time [ms]
	Mean Det. Time [ms]

	Cell SNR setup: 

(-4, 4, 2) dB
	1
	140
	70.4
	80
	57.1

	
	2
	140
	70.6
	180
	83.0

	
	3
	120
	67.2
	80
	53.7

	
	4
	120
	61.0
	120
	62.6

	
	5
	140
	69.0
	80
	53.2

	
	6
	120
	65.0
	80
	52.8

	
	7
	120
	66.6
	80
	55.3

	
	8
	120
	64.6
	80
	54.4

	
	9
	130
	67.8
	120
	58.5

	
	10
	120
	69.2
	140
	71.8


Table 9: Cell Detection: 90% and mean detection time: ETU30
	Channel: ETU30
	1-Cell cancellation
	2-Cell cancellation

	PSS/SSS cancellation usage
	Cell search case#
	90% det. Time [ms]
	Mean Det. Time [ms]
	90% det. Time [ms]
	Mean Det. Time [ms]

	Cell SNR setup: 

(-4, 4, 2) dB
	1
	320
	156.4
	280
	129.8

	
	2
	360
	163.5
	360
	165.8

	
	3
	320
	142.6
	240
	111.7

	
	4
	280
	127.0
	240
	120.3

	
	5
	360
	165.7
	280
	125.2

	
	6
	280
	137.4
	260
	116.4

	
	7
	320
	142.4
	270
	123.8

	
	8
	320
	150.1
	240
	112.2

	
	9
	280
	133.9
	280
	123.6

	
	10
	320
	149.0
	340
	156.0


Table 10: Cell Detection: 90% and mean detection time: ETU70

	Channel: ETU70
	1-Cell cancellation
	2-Cell cancellation

	PSS/SSS cancellation usage
	Cell search case#
	90% det. Time [ms]
	Mean Det. Time [ms]
	90% det. Time [ms]
	Mean Det. Time [ms]

	Cell SNR setup: 

(-4, 4, 2) dB
	1
	460
	206.7
	380
	168.9

	
	2
	480
	219.0
	500
	223.5

	
	3
	420
	191.0
	350
	151.8

	
	4
	340
	152.2
	360
	163.3

	
	5
	520
	220.3
	360
	163.8

	
	6
	460
	202.7
	340
	155.8

	
	7
	420
	191.5
	360
	163.1

	
	8
	380
	186.0
	320
	138.8

	
	9
	360
	168.8
	360
	156.5

	
	10
	440
	204.9
	490
	221.0


The results indicate that both the 1-cell and 2-cell cancellers perform quite well in all of the cases: In all cases, the cell search times are below the desired 600ms limit. It can also be seen that even though the 1-cell PSS/SSS cancellation is able to meet the <600ms 90% cell search requirement, the 2-cell cancellation can provide better search times in most cases.
3.2. On Rel-11 feICIC Cell Search Requirements 

Considering the results showed in previous section, we conclude that for the core requirements, the cell search requirements can be met for the chosen interferer setup 2 (SNR1 = 4 dB and SNR2 = 2 dB, Es/Iot = -11.07 dB). Further, it seems that the 600ms requirement similar to Rel-8 cell search performance can be met with PSS/SSS cancellation in all the evaluated cases. Therefore, the Rel-8 requirement could be reused for feICIC in case PSS/SSS cancellation is used.
Proposal 1a: RAN4 confirms that cell detection time (excluding the RSRP measurement time) of 600ms is possible with PSS/SSS cancellation. 
Note: Whether the RSRP measurement time is 200ms or 400ms is still FFS, pending RAN4 investigations.
Finally, the matter of which UEs support the PSS/SSS cancellation should be discussed. Further considerations on our views on UE capabilities are provided in .The current proposals from RAN1 [5] and RAN4 [6]  for UE capabilities have a specific group 5-2 for PSS/SSS/PBCH/SIB1 interference handling, and it seems reasonable to assume that only UE supporting the group 5-2 supports the PSS/SSS cancellation. Therefore, the RAN4 test cases for 9 dB cell search should only be applicable to UEs that support 5-2.

Proposal 2: RAN4 test cases for cell search under 9 dB CRE only apply for UEs supporting the feature 5-2 in Rel-11 UE capabilities according to [5], [6]. 
4. Conclusion 

We presented evaluation results for feICIC cell search performance with both 1-cell and 2-cell PSS/SSS cancellation. The results indicate that with PSS/SSS cancellation, the UE is able to meet the detection time requirements of Rel-8 and Rel-10 under the agreed feICIC conditions. 
Proposal 1: RAN4 confirms that cell detection time (excluding the RSRP measurement time) of 600ms is possible with PSS/SSS cancellation. 

Proposal 2: RAN4 test cases for cell search under 9 dB CRE only apply for UEs supporting the feature 5-2 in Rel-11 UE capabilities according to [5], [6]. 
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� “N” denotes no collision with other cells, whereas “C” indicates collision with another cell. Hence, e.g. “NCC” indicates the cells 2 and 3 have colliding PSS but the cell 1 PSS is not colliding with cell 2 or cell 3.


� “N” denotes no collision with other cells, whereas “C” indicates collision with another cell. Hence, e.g. “NCC” indicates the cells 2 and 3 have colliding PSS but the cell 1 SSS is not colliding with cell 2 or cell 3.






