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1. Introduction
In the previous RAN4 meeting, a way forward for the test cases was agreed, stating that 2 interferers should be modelled and further verified that 9 dB CRE would be considered. In this contribution, to progress the work for the Rel-11 feICIC core requirements, we present simulation considering the performance of cell search with and without PSS/SSS cancellation. The basic assumptions follow those in [1], [2] and [3].
2. Simulation Assumptions and Results
Table 1 – Table 3 list the main assumptions presented in [1] for the cell detection simulations. The final simulated cases in this contribution are listed in Table 4 for comparison, as there were some minor differences to the assumptions listed here: The assumptions in [1] left the exact interferer conditions as TBD, but to get a bit broader picture of the performance, additional cases were simulated.
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)
	ms
	0
	CP/2

	SNR
	dB
	N=2 (SNR1>SNR2):
· SNR1: 5 dB, 4 dB
· SNR2: 2 dB
Others: TBD 
	[-4]

	(Es/Iot)0
	dB
	Calculated based on SNRs
	(Es/Iot)0= -11.07 dB, -11.59 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 (combined from [2] and [3])
	Case #
	Cell 0
	Cell 1
	Cell 2

	
	Desired Cell
	Interferer 1
	Interferer 2

	
	PSS
	SSS
	Cell ID
	PSS
	SSS
	Cell ID
	PSS
	SSS
	Cell ID

	1
	psc3
	ssc3a, ssc3b
	113
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc2a, ssc2b
	120

	2
	psc1
	ssc3a, ssc3b
	112
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc2a, ssc2b
	120

	3
	psc1
	ssc1a, ssc3b
	196
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc1a, ssc1b
	108

	4
	psc3
	ssc1a, ssc1b
	110
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc2a, ssc2b
	120

	5
	psc3
	ssc1a, ssc1b
	110
	psc1
	ssc1a, ssc1b
	109
	psc2
	ssc1a, ssc1b
	108

	6
	psc1
	ssc3a, ssc3b
	112
	psc1
	ssc1a, ssc1b
	109
	psc1
	ssc2a, ssc2b
	121


Table 3: PSS, SSS indices for simulations (from [1])
	Label
	PSS/SSS group
	Code index
	Cell group index
	Identity within group

	
	
	(m0, m1)
	NID(1)
	NID(2)

	a
	(ssc1a, ssc1b)
	(6, 8)
	36
	-

	b
	(ssc2a, ssc2b)
	(10, 12)
	40
	-

	c
	(ssc3a, ssc3b)
	(7, 9)
	37
	-

	d
	(ssc1a, ssc3b)
	(6, 9)
	65
	-

	1
	psc1
	29
	-
	1

	2
	psc2
	25
	-
	0

	3
	psc3
	34
	-
	2


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
	5
	2
	-11.59

	2
	-4
	4
	2
	-11.07

	3
	-4
	5
	3
	-11.89

	4
	-4
	4
	3
	-11.41

	5
	-4
	4
	1
	-10.79


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. Note that these results concentrate only on the cell detection delay, i.e. the RSRP measurement has not been considered. 
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 [6], so that the UE knows when the PSS/SSS sequences are colliding.
3. PCI collision probabilities

To better see the probabilities for the various cases to simulate for cell search, we investigated PSS/SSS collision probabilities in different cases. 

Based on the results shown earlier in [4] and [5], we computed the actual PSS collision probabilities for all the different cases. These are illustrated in Table 5, along with the observed probabilities for the collision case occurring. Here we consider the cell 1 to be the measured cell and the cells 2 and 3 being the interfering cells.
Table 5: 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 5, we can observe that while the probability for the measured cell having PSS collision with one cell is a very probable case (~65% chance that this occurs), it is rather improbable that PSS collision with two cells could occur: These results indicate the probability 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: 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 6: 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, since there are 168 distinct SSS sequences, the probability that the SSS collide is very 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: Full 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 eNBs (i.e. two eNBs would have exactly the same PCI), the fact that both PSS and SSS collision cannot happen for the same cell, the probabilities are further modified: Since the SSS collision probabilities in Table 6 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 these, we can analyse the collision probabilities (taking into account the above analysis for both PSS and SSS collision probabilities) for the cases we are simulating (as seen in Table 3). This analysis is presented in Table 7 below.
Table 7: Analysis of the occurrence of the collision cases

	Case #
	PSS/SSS Code groups
	Collisions for PSS/SSS?
	Probability of happening in  planned macro deployment 

	1
	PSS: 312; SSS: cab
	No collision for PSS 

No collision for SSS
	32.2264%

	2
	PSS: 112; SSS: cab
	PSS Collision for strongest interferer

No SSS collision
	31.9809%

	3
	PSS: 112; SSS: daa
	PSS collision for strongest interferer

No SSS collision for searched cell; The interferer cells have colliding SSS
	0.1927%

	4
	PSS: 312; SSS: aab
	No PSS collision

SSS collision from strongest interferer
	0.1941%

	5
	PSS: 312; SSS: aaa
	No PSS collision

SSS collision for both interferers
	0.0012%

	6
	PSS: 111; SSS: cab
	PSS collision for both interferers

No SSS collision
	0.6679%


Observation 4: For planned deployments, the probability for any of the Cases 3, 4 or 6 occurring is low. The probability for Case 5 occurring is extremely low.
3.1. Results for Cell Search without PSS/SSS cancellation 
The results for the simulations for cell detection times with the EPA5, ETU30 and ETU70 channels are shown in 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.  None of the simulated cases utilizes PSS/SSS cancellation, to show the performance without any cancellation receivers. 
NOTE: Cell detection time has been set to “-” in cases where the cell detection 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 >800ms (i.e. the Rel-10 eICIC cell search time limit minus the 200ms RSRP measurement period), 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 8: Cell Detection: 90% and mean detection time: EPA5
	Channel: EPA5
	Interferer Setup
	1
	2
	3
	4
	5

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

	No PSS/SSS cancellation
	1
	520
	225.0
	420
	189.2
	600
	261.0
	490
	218.4
	360
	164.3

	
	2
	480
	210.4
	390
	177.0
	540
	238.4
	470
	206.3
	360
	158.7

	
	3
	440
	199.0
	360
	170.6
	540
	234.0
	460
	198.7
	350
	153.8

	
	4
	500
	222.3
	420
	183.9
	610
	257.6
	500
	216.7
	380
	166.6

	
	5
	500
	221.6
	440
	187.4
	580
	258.5
	500
	218.3
	380
	168.3

	
	6
	380
	168.3
	320
	148.9
	460
	195.4
	360
	166.8
	280
	133.4


Table 9: Cell Detection: 90% and mean detection time: ETU30
	Channel: ETU30
	Interferer Setup
	1
	2
	3
	4
	5

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

	No PSS/SSS cancellation
	1
	1420
	615.6
	1110
	482.7
	1670
	710.2
	1230
	542.6
	890
	393.0

	
	2
	1570
	644.3
	1290
	540.9
	1930
	847.0
	1360
	601.1
	940
	421.8

	
	3
	1490
	651.3
	1060
	494.3
	1900
	792.2
	1320
	586.6
	940
	417.6

	
	4
	1630
	689.1
	1190
	527.9
	1890
	827.2
	1520
	641.7
	950
	416.1

	
	5
	1460
	622.5
	1000
	473.7
	1680
	733.8
	1210
	539.4
	890
	385.4

	
	6
	1580
	659.4
	1130
	516.6
	1860
	790.3
	1480
	605.0
	980
	432.7


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

	Channel: ETU70
	Interferer Setup
	1
	2
	3
	4
	5

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

	No PSS/SSS cancellation
	1
	1880
	840.1
	1540
	674.2
	2370
	1056
	2000
	857.4
	1260
	525.4

	
	2
	2480
	1023.1
	1570
	705.6
	2580
	1125
	2040
	878.5
	1350
	598.7

	
	3
	2070
	890.3
	1610
	697.0
	2470
	1089
	1880
	842.3
	1390
	611.3

	
	4
	1930
	890.0
	1740
	742.5
	2780
	1170
	1910
	868.2
	1390
	597.0

	
	5
	1930
	863.4
	1420
	640.6
	2220
	998.2
	1840
	794.8
	1220
	532.9

	
	6
	2020
	879.0
	1540
	680.7
	2400
	1026
	1960
	833.9
	1500
	629.4


The results indicate that for the considered interference setups, the current cell search requirements cannot be met without PSS/SSS cancellation.

3.2. Results for Cell Search with PSS/SSS cancellation 
The results for the simulations for cell detection times in case PSS/SSS cancellation is used, with the EPA5, ETU30 and ETU70 channels, are shown in Table 11 (EPA5), Table 12 (ETU30) and Table 13 (ETU70). Note that these results include the 200ms RSRP measurement period in the cell detection time.  In all of these cases, the UE utilizes PSS/SSS cancellation as described in section 2. 

NOTE: Cell detection time has been set to “-” in cases where the cell detection 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 11: Cell Detection: 90% and mean detection time: EPA5

	Channel: EPA5
	Interferer Setup
	1
	2
	3
	4
	5

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

	PSS/SSS cancellation for two strongest cells
	1
	100
	59.2
	120
	60.6
	120
	63.6
	120
	67.1
	80
	54.5

	
	2
	100
	58.4
	100
	58.3
	120
	63.4
	120
	66.4
	80
	54.2

	
	3
	120
	65.4
	120
	66.3
	160
	71.2
	140
	74.2
	100
	59.4

	
	4
	80
	55.9
	110
	59.8
	120
	64.4
	120
	65.7
	80
	54.5

	
	5
	140
	68.2
	120
	69.4
	160
	77.2
	160
	77.6
	120
	62.7

	
	6
	200
	87.4
	180
	84.2
	200
	98.7
	200
	93.2
	160
	76.9


Table 12: Cell Detection: 90% and mean detection time: ETU30

	Channel: ETU30
	Interferer Setup
	1
	2
	3
	4
	5

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

	PSS/SSS cancellation for two strongest cells
	1
	500
	217.2
	430
	194.9
	540
	241.5
	520
	229.9
	360
	171.6

	
	2
	420
	197.0
	400
	181.8
	500
	234.4
	460
	208.9
	370
	161.0

	
	3
	500
	228.2
	470
	207.9
	600
	260.6
	540
	237.5
	380
	174.8

	
	4
	400
	186.6
	360
	169.2
	500
	215.8
	460
	198.2
	320
	149.5

	
	5
	500
	218.5
	400
	191.6
	540
	247.8
	540
	237.0
	360
	167.0

	
	6
	800
	340.4
	610
	275.7
	980
	422.6
	760
	339.4
	490
	223.8


Table 13: Cell Detection: 90% and mean detection time: ETU70

	Channel: ETU70
	Interferer Setup
	1
	2
	3
	4
	5

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

	PSS/SSS cancellation for two strongest cells
	1
	740
	323.4
	740
	299.2
	890
	382.0
	780
	328.1
	640
	268.4

	
	2
	670
	283.9
	580
	258.7
	910
	383.4
	700
	305.5
	500
	223.0

	
	3
	780
	334.5
	680
	288.1
	940
	405.7
	820
	353.5
	580
	255.6

	
	4
	670
	284.5
	540
	237.9
	740
	315.8
	580
	276.7
	460
	209.5

	
	5
	740
	318.5
	620
	270.0
	900
	383.0
	740
	338.8
	540
	243.1

	
	6
	1170
	498.2
	980
	415.3
	1450
	600.6
	1220
	515.3
	860
	359.4


The results indicate that PSS/SSS cancellation seems effective in reducing the cell detection times considerably: For almost all of the cases, 90% of detection time is <1000ms with all evaluated channels. At least for the interferer setup 2 (SNR1 = 4 dB and SNR2 = 2 dB, Es/Iot = -11.07 dB), we are able to meet the Rel-10 side condition for all the cases.
3.3. 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 at least for interferer setup 2 (SNR1 = 4 dB and SNR2 = 2 dB, Es/Iot = -11.07 dB). 
However, considering that the main use of feICIC would be slow-moving UEs, ETU70 might not be the most typical channel condition for such UEs. Looking at the results without ETU70, we can see that the results indicate that interferer setup 1 (SNR1 = 5 dB and SNR2 = 2 dB, Es/Iot = -11.59 dB) could be used for requirements, but in this case, the requirements would have to only work for low-Doppler UEs. This would allow better minimum performance to be specified for UEs, but with some restrictions to network deployments and RAN4 core requirements would need some additional clauses restricting the channel conditions in which they would apply.
Proposal 1: RAN4 to discuss whether the feICIC core requirements should be modified to be based on only low mobility channels

Hence, (at least) the following two alternatives could be possible for feICIC cell detection:
Alt 1. Define generic requirements 
Alt 2. Define only low mobility requirements

Alt.1 is the way all existing cell detection requirements have been specified, and for that case, we consider all of the results shown in this contribution. In case Alt.1, we propose the following as core requirements for feICIC:
Proposal 2: If RAN4 thinks Rel-11 core requirements should be generic, proposals 2a and 2b should be adopted for Rel-11.

Proposal 2a: Cell detection requirements for feICIC should be defined for Es/Iot = -11.07 dB.
Proposal 2b: Define the feICIC cell search test case for -4 dB measured cell, with two dominant interferers: SNR1 = 4 dB and SNR2 = 2 dB.

In case RAN4 sees it useful to define new types of requirements for feICIC (i.e. low speed only), i.e. Alt.2 is chosen, we propose the following requirements for feICIC cell detection:

Proposal 3: If RAN4 thinks Rel-11 core requirements should only be for low speed UEs, proposals 3a and 3b should be adopted for Rel-11.

Proposal 3a: Cell detection requirements for feICIC should be defined for Es/Iot = -11.59 dB.

Proposal 3b: Define the feICIC cell search test case for -4 dB measured cell, with two dominant interferers: SNR1 = 5 dB and SNR2 = 2 dB.

4. Conclusion 

We presented results for feICIC cell search with and without PSS/SSS cancellation.
Proposal 1: RAN4 to discuss whether the feICIC core requirements should be modified to be based on only low mobility channels

Proposal 2: If RAN4 thinks Rel-11 core requirements should be generic, proposals 2a and 2b should be adopted for Rel-11.
Proposal 2a: Cell detection requirements for feICIC should be defined for Es/Iot = -11.07 dB.

Proposal 2b: Define the feICIC cell search test case for -4 dB measured cell, with two dominant interferers: SNR1 = 4 dB and SNR2 = 2 dB.

Proposal 3: If RAN4 thinks Rel-11 core requirements should only be for low speed UEs, proposals 3a and 3b should be adopted for Rel-11.

Proposal 3a: Cell detection requirements for feICIC should be defined for Es/Iot = -11.59 dB.

Proposal 3b: Define the feICIC cell search test case for -4 dB measured cell, with two dominant interferers: SNR1 = 5 dB and SNR2 = 2 dB.
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