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1. Introduction
In the last RAN4, there were several results presented on cell identification delay for eICIC-related cases based on the simulations assumptions agreed in RAN4#58 [1]. Several results were presented in the RAN4#59 meeting (e.g. [7]) Values for the cell identification side conditions were agreed, with the agreements being measured cell SNR = [-4] dB and interfering cell SNR = [1] dB. Since these were not extensively tested in the original assumptions [1] , verification results were requested for RAN4#59AH ([3], [4]). During RAN4#59AH, some results were presented, but no agreement was yet reached and yet further results were requested for RAN4#60. In this document, we present some yet further results to assess which performance requirements would be suitable for eICIC UEs. 
2. Simulation Assumptions and Results
Table 1 - Table 3 list the main assumptions agreed in [1] for the cell identification simulations. The simulated cases are similar as those in [5]. 
Table 1:  Simulation Assumptions

	Parameter
	Values

	
	Cell 1
	Cell 2

	Cell ID
	See Table 2 & Table 3
	See Table 2 & Table 3

	Geometry
	1, 2, 3, 4, 5 dB
	--4 dB

	#Tx Antennas
	1
	1

	Delay
	0
	CP/2 (synchronous), 3ms (asynchronous)

	Channel Model
	AWGN, PA5, ETU70
	AWGN, PA5, ETU70


Table 2: SSS sequences in different cells (from [1])
	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 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


As in [5], the searcher is run in the same way as in Rel’8: Cell search is performed periodically every 40ms, and uses 4 instances of PSS/SSS for PSS/SSS detection (respectively). PSS is searched first, after which SSS search begins, and after both PSS and SSS searches are completed, UE does an RSRP measurement over 200ms period. Note that no knowledge of the 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. The simulations were done with optimized detection assumptions, and no implementation margins were assumed. 
2.1. Cell Identification Times
The results for the simulations for cell identification times with the AWGN, PA5 and ETU70 channels are shown in Table 4 (AWGN), Table 54 (EPA5) and Table 6 (ETU70). Note that these results include the 200ms for RSRP measurement period in the cell identification time.  As agreed in RAN#59, the core requirement of -4 dB SNR for the measured cell and 1 dB for the interfering cell is the focus, with interfering cell SNR = 2 to5 dB simulated in addition as requested in RAN4. 
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.
Table 4: Cell Identification delay for 90% detection: AWGN

	Channel
	Delay [us]
	SNR [dB]: Desired Cell (Cell 3)
	SNR [dB]: Interferer (Cell 1)
	Equivalent SCH Ês/Iot
	90% Cell identification time + RSRP measurement

	AWGN
	Sync cases
	 
	 
	Case 1
	Case 2
	Case 3
	Case 4

	
	 
	-4
	1
	-7.54
	267.1
	240
	240
	252.6

	
	
	
	2
	-8.12
	313
	240
	240
	310

	
	
	
	3
	-8.76
	355
	363
	490
	362

	
	
	
	4
	-9.46
	795
	4440
	6040
	680

	
	
	
	5
	-10.19
	4200
	10000
	10000
	2040

	
	Async cases
	 
	 
	Case 5
	Case 6
	Case 7
	Case 8

	
	 
	-4
	1
	-7.54
	255.7
	257.6
	255.9
	257.7

	
	
	
	2
	-8.12
	308
	301
	307
	312

	
	
	
	3
	-8.76
	541
	400
	411
	560

	
	
	
	4
	-9.46
	1760
	920
	840
	1640

	
	
	
	5
	-10.19
	000
	3000
	3040
	10000


Table 5: Cell Identification delay for 90% detection: EPA5
	Channel
	Delay [us]
	SNR [dB]: Desired Cell (Cell 3)
	SNR [dB]: Interferer (Cell 1)
	Equivalent SCH Ês/Iot
	90% Cell identification time + RSRP measurement

	EPA5
	Sync cases
	 
	 
	Case 1
	Case 2
	Case 3
	Case 4

	
	 
	-4
	1
	-7.54
	281.9
	276.4
	281.8
	286.9

	
	
	
	2
	-8.12
	298.8
	294.2
	294.9
	299.6

	
	
	
	3
	-8.76
	314
	308
	310
	318

	
	
	
	4
	-9.46
	343
	323
	331
	347

	
	
	
	5
	-10.19
	384
	357
	364
	375

	
	Async cases
	 
	 
	Case 5
	Case 6
	Case 7
	Case 8

	
	 
	-4
	1
	-7.54
	285.2
	278.2
	283.3
	283.5

	
	
	
	2
	-8.12
	301
	295
	295.8
	301

	
	
	
	3
	-8.76
	318
	314
	313
	318

	
	
	
	4
	-9.46
	341
	336
	343
	342

	
	
	
	5
	-10.19
	387
	359
	366
	385


Table 6: Cell Identification delay for 90% detection: ETU70

	Channel
	Delay [us]
	SNR [dB]: Desired Cell (Cell 3)
	SNR [dB]: Interferer (Cell 1)
	Equivalent SCH Ês/Iot
	90% Cell identification time + RSRP measurement

	ETU70
	Sync cases
	 
	 
	Case 1
	Case 2
	Case 3
	Case 4

	
	 
	-4
	1
	-7.54
	361
	342
	336
	355

	
	
	
	2
	-8.12
	444
	397
	379
	420

	
	
	
	3
	-8.76
	526
	464
	460
	534

	
	
	
	4
	-9.46
	725
	641
	635
	718

	
	
	
	5
	-10.19
	945
	814
	800
	950

	
	Async cases
	 
	 
	Case 5
	Case 6
	Case 7
	Case 8

	
	 
	-4
	1
	-7.54
	360
	350
	348
	383

	
	
	
	2
	-8.12
	433
	405
	404
	434

	
	
	
	3
	-8.76
	517
	456
	468
	515

	
	
	
	4
	-9.46
	737
	531
	566
	755

	
	
	
	5
	-10.19
	1102
	795
	828
	1044


The results indicate that the proposed values of -4 dB SNR for the measured cell and 1 dB for the interfering cell can be met in all the tested cases. Since the simulation cases were ideal (no implementation margins assumed and idealistic detection was used), some care should be taken when analysing then results. For example for AWGN, even 3 dB might require extended search time for some cases, even if the same cases might work better with e.g. EPA5. The results also show the same phenomenon seen in earlier simulations: Just changing the interferer cell by 1 dB can have relatively big effects to the cell identification time (e.g. change of >100ms for the cell identification time). It is also noted that in these cases there are no additional interferer cells present, which might not be the case if e.g. pico cells are deployed at macro cell border areas or with large cell range extension for pico cells. Finally, it should be noted that 1 dB increase in interferer does not in all the cases mean 1 dB decrease in SINR: For example, the difference between 1 dB and 3 dB interferer is equivalent to 1.22 dB in SINR.
Therefore, to have  requirements that enable feasible test cases (that also account for implementation margins) to be developed for eICIC, we conclude that the agreed values of -4 dB for the measured cell and 1 dB for the interfering cell would be suitable for Rel’10 requirements of eICIC cell identification. Also, the requirements of Rel’8 were also crafted so that the operation point was not chosen to be on the limit of UE performance (see [8] for summary of Rel’8 discussion). Following the same principle for Rel’10 would be the best way to ensure robust performance. Also, while the results indicate that in these ideal simulations it may be possible to detect the cell in presence of even a 3dB interferer, for example in AWGN, assumption of a 1dB implementation margin in SNR means that practical implementations robust and reliable cell detection in the presence of a 1dB interferer is feasible (given 1.22 dB SNR difference between 1dB and 3dB interferer).
Finally, since a new WI on eICIC has already been decided, the goal of which is to (et.al) enhance the performance of eICIC techniques, having the Rel’10 baseline ready as soon as possible would best facilitate the study of the possible enhancement procedures. 
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 1 dB for the interfering cell can be met in all the tested cases. Hence, we would propose that the values in square brackets are agreed for the performance requirements of cell identification in presence of eICIC.
Proposal: Cell identification requirements for eICIC should use the side conditions of -4 dB SNR for the measured cell and 1 dB SNR for the interfered cell.
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