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1 Introduction
In the last RAN4 meeting the following was agreed about cell identification of LAA SCells based on simulations [1]:
Agreements:
Define requirement for single shot and [[-6dB] for multiple shot requirements. At the same time, companies do more simulations for multiple shot to verify and [-6dB]]

for supporting one shot cell identification, side condition is [1dB or 0dB] or higher.

Thus, companies were encouraged to provide more simulation results to confirm:
1. Side condition for single shot cell detection
2. Detection time, i.e. needed amount of DRS occasions, for cell detection with side condition -6 dB (multi-shot detection)
Based on the discussion and companies’ simulation results, the following initial values (highlighted) were agreed in [2] for non-DRX mode:
Table 8.x.2.1.1.1-1: Intra-frequency cell detection under operation with frame structure 3
	SCH Ês/Iot
	Tdetect intra_FS3, [ms]

	[0] ≤ SCH Ês/Iot
	([1]+L) * TDMTC_periodicity

	[-6] ≤ SCH Ês/Iot < [0]
	([4]+L) * TDMTC_periodicity



Table 8.y.2.4.1-1: Intra-frequency cell detection on SCC under operation with frame structure 3 with deactivated SCell
	SCH Ês/Iot
	Tdetect SCC_FS3, [ms]

	[0] ≤ SCH Ês/Iot
	([1]+L) * measCycleSCell

	[-6] ≤ SCH Ês/Iot < [0]
	([5]+L) * measCycleSCell



Requirements for DRX mode were left TBD.
Table 8.11.2.1.1.2-1: Intra-frequency cell detection under operation with frame structure 3
	SCH Ês/Iot
	Tdetect intra_FS3_CRS_DRX, [ms]

	[0] ≤ SCH Ês/Iot
	(TBD+L) *  Max{ TDMTC_periodicity, DRX cycle length }

	[-6] ≤ SCH Ês/Iot < [0]
	(TBD+L) *  Max{ TDMTC_periodicity, DRX cycle length }



Table 8.12.2.4.2-1: Cell detection on SCC under operation with frame structure 3
	SCH Ês/Iot
	Tdetect SCC_FS3_ DRX, [ms]

	[0] ≤ SCH Ês/Iot
	(TBD+L) *  Max{ measCycleSCell, DRX cycle length }

	[-6] ≤ SCH Ês/Iot < [0]
	(TBD +L) *  Max{ measCycleSCell, DRX cycle length }



In this contribution, we present simulation results for single shot and multi-shot cell detection and express our view on the agreed and open values. The agreed simulation assumptions [3] have been used in the simulations.
2 Single shot cell detection
No common DRX in use
Simulation results for probabilities of single shot cell detection are shown for different channels and SINR side conditions in Table 1. Probabilities over 90 % (0.9) are coloured green.
[bookmark: _Ref442356539]Table 1: Cell detection probability on single shot in different channels and with different SINR side conditions.
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1 shot AWGN
	
	1 shot EPA5
	
	1 shot ETU30

	SINR
	Case 1
	Case 2
	Case 3
	Case 4
	
	SINR
	Case 1
	Case 2
	Case 3
	Case 4
	
	SINR
	Case 1
	Case 2
	Case 3
	Case 4

	-6
	0.35
	0.41
	0.41
	0.30
	
	-6
	0.78
	0.78
	0.78
	0.78
	
	-6
	0.43
	0.45
	0.45
	0.44

	-5
	0.57
	0.46
	0.56
	0.68
	
	-5
	0.82
	0.82
	0.82
	0.82
	
	-5
	0.51
	0.52
	0.52
	0.51

	-4
	0.82
	0.86
	0.83
	0.83
	
	-4
	0.85
	0.86
	0.86
	0.85
	
	-4
	0.58
	0.59
	0.59
	0.59

	-3
	0.96
	0.98
	0.98
	0.97
	
	-3
	0.89
	0.88
	0.89
	0.89
	
	-3
	0.65
	0.66
	0.67
	0.66

	-2
	1.00
	1.00
	1.00
	1.00
	
	-2
	0.91
	0.92
	0.91
	0.91
	
	-2
	0.73
	0.72
	0.72
	0.73

	-1
	1.00
	1.00
	1.00
	1.00
	
	-1
	0.93
	0.93
	0.93
	0.93
	
	-1
	0.79
	0.79
	0.79
	0.79

	0
	1.00
	1.00
	1.00
	1.00
	
	0
	0.95
	0.95
	0.95
	0.95
	
	0
	0.84
	0.84
	0.84
	0.84

	1
	1.00
	1.00
	1.00
	1.00
	
	1
	0.96
	0.96
	0.96
	0.96
	
	1
	0.88
	0.88
	0.89
	0.89

	2
	1.00
	1.00
	1.00
	1.00
	
	2
	0.97
	0.97
	0.97
	0.97
	
	2
	0.92
	0.92
	0.92
	0.92

	3
	1.00
	1.00
	1.00
	1.00
	
	3
	0.98
	0.98
	0.98
	0.98
	
	3
	0.95
	0.95
	0.95
	0.95

	4
	1.00
	1.00
	1.00
	1.00
	
	4
	0.99
	0.99
	0.99
	0.99
	
	4
	0.97
	0.97
	0.97
	0.97



Based on these results the following observation can be made:
[bookmark: _Ref442356831][bookmark: _Ref442706091]Observation 1: Single shot detection is possible with -3 dB SINR side condition in AWGN channel, with -2 dB in EPA5 channel, and with 2 dB in ETU30 channel.

In [2] the initial value set for single shot cell detection is 0 dB. Based on Observation 1, this value should be raised to 2 dB to make sure that the conditions can be fulfilled even in ETU30 channel.
[bookmark: _Ref442706118]Proposal 1: Change side condition for single shot cell detection from 0 dB to 2 dB, when no common DRX is in use.

DRX in use
We see no reason to have different cell detection time requirements for non-DRX and DRX mode. Therefore we propose to use the same side condition for single shot cell detection in both cases.
[bookmark: _Ref442706123]Proposal 2: Use SINR side condition 2 dB for single shot cell detection also when DRX is in use.

3 Multi-shot cell detection
For multiple shot cell detection, 4 DRS occasions was set as a maximum when [-6] ≤ SCH Ês/Iot < [0]. For deactivated cell the amount was set to 5 DRS occasions. 
Results from our simulations for cell detection with 1-7 shots are shown in Table 2. The results are only from ETU30 channel, which has the most challenging conditions. Probabilities greater or equal to 90 % (0.9) are coloured green. 
[bookmark: _Ref442446683]Table 2: Cell detection probability in ETU30 channel with 1-7 shots and different SINR side conditions.
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1 shot ETU30
	
	2 shot ETU30
	
	3 shot ETU30

	SINR
	Case 1
	Case 2
	Case 3
	Case 4
	
	SINR
	Case 1
	Case 2
	Case 3
	Case 4
	
	SINR
	Case 1
	Case 2
	Case 3
	Case 4

	-6
	0.43
	0.45
	0.45
	0.44
	
	-6
	0.67
	0.62
	0.62
	0.69
	
	-6
	0.86
	0.77
	0.75
	0.88

	-5
	0.51
	0.52
	0.52
	0.51
	
	-5
	0.74
	0.68
	0.68
	0.76
	
	-5
	0.91
	0.82
	0.80
	0.92

	-4
	0.58
	0.59
	0.59
	0.59
	
	-4
	0.81
	0.75
	0.75
	0.82
	
	-4
	0.95
	0.86
	0.85
	0.95

	-3
	0.65
	0.66
	0.67
	0.66
	
	-3
	0.86
	0.81
	0.80
	0.87
	
	-3
	0.97
	0.90
	0.88
	0.98

	-2
	0.73
	0.72
	0.72
	0.73
	
	-2
	0.90
	0.85
	0.85
	0.91
	
	-2
	0.99
	0.93
	0.92
	0.99

	-1
	0.79
	0.79
	0.79
	0.79
	
	-1
	0.94
	0.90
	0.89
	0.94
	
	-1
	0.99
	0.95
	0.95
	1.00

	0
	0.84
	0.84
	0.84
	0.84
	
	0
	0.96
	0.93
	0.93
	0.96
	
	0
	1.00
	0.97
	0.97
	1.00

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4 shot ETU30
	
	5 shot ETU30
	

	SINR
	Case 1
	Case 2
	Case 3
	Case 4
	
	SINR
	Case 1
	Case 2
	Case 3
	Case 4
	

	-6
	0.89
	0.79
	0.80
	0.90
	
	-6
	0.93
	0.81
	0.82
	0.94
	

	-5
	0.93
	0.84
	0.84
	0.94
	
	-5
	0.96
	0.86
	0.86
	0.97
	

	-4
	0.96
	0.88
	0.88
	0.97
	
	-4
	0.98
	0.90
	0.90
	0.98
	

	-3
	0.98
	0.91
	0.91
	0.98
	
	-3
	0.99
	0.93
	0.93
	0.99
	

	-2
	0.99
	0.94
	0.94
	0.99
	
	-2
	1.00
	0.95
	0.95
	1.00
	

	-1
	1.00
	0.96
	0.96
	1.00
	
	-1
	1.00
	0.97
	0.97
	1.00
	

	0
	1.00
	0.98
	0.98
	1.00
	
	0
	1.00
	0.98
	0.98
	1.00
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Based on these results the following observations can be made:
[bookmark: _Ref442706101]Observation 2: For cases 1 and 4, 90 % cell detection probability with SNR -6 dB can be achieved with 5 shots (or almost with 4 shots).
[bookmark: _Ref442706109]Observation 3: For cases 2 and 3, 90 % cell detection probability with SNR -6 dB does not seem to be possible with 5 shots or less.
Based on observations 2 and 3 it seems that the agreed 4/5 shots is possible with only two of the cases. For cases 2 and 3, Interferer 1 has the same PSC with the desired cell (see Table  3 and Table 4 [3]), which affects the performance so much that reaching 90 % cell detection probability seems hard.

[bookmark: _Ref182236287]Table 3: Cell Id Combinations to be simulated
	
case #
	Cell 3
(Desired Cell)
	Cell 1
(Interferer 1) 
	Cell 2
(Interferer 2)
	Scenario

	 1
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	2
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	3
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	4
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous



[bookmark: _Ref442447260]Table 4: PSC, SSC indices for simulations
	Label
	Code index

	psc1
	29

	psc2
	25

	psc3
	34



	Label
	Code index
	Cell group index 

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65




4 Conclusion
In this contribution we have presented simulation results for LAA SCell cell detection. Results were compared to the agreed values in [2]. Based on the simulation results we have observed the following:
Observation 1: Single shot detection is possible with -3 dB SINR side condition in AWGN channel, with -2 dB in EPA5 channel, and with 2 dB in ETU30 channel.
Observation 2: For cases 1 and 4, 90 % cell detection probability with SNR -6 dB can be achieved with 5 shots (or almost with 4 shots).
Observation 3: For cases 2 and 3, 90 % cell detection probability with SNR -6 dB does not seem to be possible with 5 shots or less.
Based on these observations we have made the following proposals:
[bookmark: _GoBack]Proposal 1: Change side condition for single shot cell detection from 0 dB to 2 dB, when no common DRX is in use.
Proposal 2: Use SINR side condition 2 dB for single shot cell detection also when DRX is in use.
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