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1 Introduction
In last RAN4 meeting, update link level simulation assumption for cell detection was agreed [1]. In this contribution, we provide simulation results for cell detection performance and our view on cell identification delay. 
2 Simulation Results
Simulation assumptions are listed in Annex. In this contribution, single SS block transmission is configured, and no Rx beamforming is considered. 

Table 1 and Table 2 are summarized for one shot detection probability under 15kHz and 30kHz SCS, and Table 3 and Table 4 show 90%-tile detection time for 15kHz and 30kHz based on one shot detection probability. 
Table 1 One shot detection probability [%] for 15kHz SCS
	Scenario
	SINR[dB]
	AWGN
	EPA5
	ETU30
	TDL_A
	TDL_B
	TDL_C
	TDL_D

	Case 1
	-6
	100.00
	87.17
	68.63
	90.95
	84.07
	91.83
	99.34

	
	-7
	100.00
	90.68
	64.51
	82.46
	84.20
	81.80
	98.46

	
	-8
	100.00
	81.95
	52.49
	79.85
	80.88
	84.59
	95.24

	Case 2
	-6
	100.00
	86.22
	68.85
	89.32
	85.93
	87.61
	98.66

	
	-7
	100.00
	87.71
	57.15
	84.02
	87.34
	87.76
	98.59

	
	-8
	100.00
	87.76
	52.66
	75.12
	75.17
	76.73
	91.98


Table 2 One shot detection probability [%] for 30kHz SCS
	Scenario
	SINR[dB]
	AWGN
	EPA5
	ETU30
	TDL_A
	TDL_B
	TDL_C
	TDL_D

	Case 1
	-6
	100.00
	88.71
	69.17
	89.10
	87.17
	90.73
	99.54

	
	-7
	100.00
	81.63
	65.49
	82.22
	82.00
	88.44
	99.80

	
	-8
	100.00
	86.66
	53.78
	79.29
	81.49
	75.66
	99.56

	Case 2
	-6
	100.00
	92.68
	68.76
	89.05
	91.24
	87.80
	99.63

	
	-7
	100.00
	89.83
	64.80
	84.32
	88.88
	88.37
	99.07

	
	-8
	100.00
	80.61
	56.17
	80.66
	75.54
	76.39
	99.37


Table 3 90%-tile detection time (the number of SS block) for 15kHz SCS
	Scenario
	SINR[dB]
	AWGN
	EPA5
	ETU30
	TDL_A
	TDL_B
	TDL_C
	TDL_D

	Case 1
	-6
	1
	2
	2
	1
	2
	1
	1

	
	-7
	1
	1
	3
	2
	2
	2
	1

	
	-8
	1
	2
	4
	2
	2
	2
	1

	Case 2
	-6
	1
	2
	2
	2
	2
	2
	1

	
	-7
	1
	2
	3
	2
	2
	2
	1

	
	-8
	1
	2
	4
	2
	2
	2
	1


Table 4 90%-tile detection time (the number of SS block) for 30kHz SCS
	Scenario
	SINR[dB]
	AWGN
	EPA5
	ETU30
	TDL_A
	TDL_B
	TDL_C
	TDL_D

	Case 1
	-6
	1
	2
	2
	2
	2
	1
	1

	
	-7
	1
	2
	3
	2
	2
	2
	1

	
	-8
	1
	2
	3
	2
	2
	2
	1

	Case 2
	-6
	1
	1
	2
	2
	1
	2
	1

	
	-7
	1
	2
	3
	2
	2
	2
	1

	
	-8
	1
	2
	3
	2
	2
	2
	1


· Observation 1: For AWGN and TDL_D, one shot detection is feasible under -8~6dB SINR.
· Observation 2: For fading channel, 2 or 3 accumulations for SS block are required especially -8 and -7dB SINR.

Based on observations, one shot detection is not feasible for fading channel condition except TDL_D even though the synchronization signal for one-shot detection is designed by RAN1. Since in NR, SS burst set periodicity and SMTC are considered up to 160msec, cell identification delay is sensitive to cell detection performance. So, to define cell identification delay, RAN4 needs to consider more than one SS block accumulations under fading channel condition. 

· Proposal 1: RAN4 needs to consider two SS block accumulations to define cell identification delay under fading channel condition.

In this contribution, we consider only non-Rx beamforming case, so if Rx beamforming is considered, one shot detection might be feasible to define cell identification delay. 
· Proposal 2: RAN4 needs to consider separate requirement with and without UE Rx beamforming for cell identification delay.

3 Conclusion 
In this contribution, we provide simulation results for cell detection performance. Based on simulation results, we observe  

· Observation 1: For AWGN and TDL_D, one shot detection is feasible under -8~6dB SINR.

· Observation 2: For fading channel, 2 or 3 accumulations for SS block are required especially -8 and -7dB SINR.

From observations, to define cell identification delay, we propose 
· Proposal 1: RAN4 needs to consider two SS block accumulations to define cell identification delay under fading channel condition.

· Proposal 2: RAN4 needs to consider separate requirement with and without UE Rx beamforming for cell identification delay.
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Appendix

Table 5 Cell-specific parameters for PSS/SS detection
	Parameter
	Unit
	Cell 1
	Cell 2

	RF Channel number
	-
	Channel 1
	Channel 1

	Carrier frequency 
	
	4GHz; 30GHz
	The same frequency as for Cell 1 is used

	Subcarrier spacing
	KHz
	15 kHz; 30 kHz for 4GHz;

120 kHz; 240 kHz for 30GHz 
	The same values as for Cell 1 are used

	RB Utilization
	%
	100
	100

	Power boosting for PSS and SSS
	dB
	0
	0

	Power boosting for Data and Control
	dB
	0
	0

	Data Modulation
	-
	QPSK
	QPSK

	CP Length
	-
	Normal
	Normal

	Number of transmitted SS block within a SS burst set period (K)
	-
	1 (baseline)

FFS: 4
	1(baseline)

FFS: 4

	SS burst set periodicity
	ms
	5
	5

	Relative Delay of 1st Path (synchronous)
	μs
	0
	CP/2

	Relative Delay of 1st Path (asynchronous)
	ms
	0
	1.5

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

	Es/Noc for K=1
	dB
	6.4
	1.25; FSS: 0.25; -0.75
(SINR: -6dB; 

FFS: -8dB, -7dB)

	Es/Noc for K=4
	dB
	2, 6,4, -2
	2, 1, 1, 1 
(SINR: -2.12, -5.97, -4.45, -1.12);

-1, 5, -3, 2 dB
(SINR: -5.12, -1.97, -8.45, -0.12)

	Number of Tx antennas
	-
	1
	1

	PSS Sequence ID
	-
	To be stated by companies together with the results (examples shows in Table 3, 4)
	To be stated by companies together with the results (examples shows in Table 3, 4)

	SSS Sequence ID
	-
	To be stated by companies together with the results (examples shows in Table 3, 4)
	To be stated by companies together with the results (examples shows in Table 3, 4)

	Propagation Condition
	-
	AWGN, EPA5, ETU30

TDL-A/B/C/D with 100ns for 4 GHz and 30ns for 30 GHz Note1

CDL-A/B/C/D with 100ns for 4 GHz and 30ns for 30 GHz Note1 (secondary priority)



	Noc Model 
	-
	AWGN noise

	NOTE 1:
The channel models of CDL and TDL are used for simplified link level evaluations, which are defined in TR 38.901.




Table 6 UE-specific parameters for cell detection
	Simulation parameters
	Comments/values

	Prior knowledge of Cell 1 by the UE
	Yes

	False detect threshold 
	Required as in a real UE implementation

	UE having apriority knowledge of system being synchronous or asynchronous
	No

	Performance criterion for comparison
	90th percentile acquisition time for “correct” cell detection of both PSS and SSS sequence IDs.

	CP length detection
	Not simulated

	Receive antennas
	2, 4 (uncorrelated (except for CDL model)
Option 1: With receiver beamforming

Option 2: Without receiver beamforming)


Table 7 Example PSS, SSS indices that can be simulated simulations
	PSS Indices
	SSS Indices

	Label
	Code index
	Label
	Code index
(m0, m1)
	Cell ID
	(
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	psc1
	43
	ssc1
	(20,0)
	337
	(112, 1)

	psc2
	86
	ssc2
	(40, 0)
	674
	(224, 2)

	
	
	ssc3
	(35,0)
	673
	(224, 1)


Table 8 Example Cell ID combinations that can be simulated
	Case #
	Cell 1

 (Interferer Cell)
	Cell 2

(Desired Cell)
	Scenario

	1
	psc1
	ssc1
	psc2
	ssc2
	Synchronous 

	2
	psc1
	ssc1
	psc1
	ssc3
	Synchronous

	3
	psc1
	ssc1
	psc2
	ssc2
	Asynchronous

	4
	psc1
	ssc1
	psc1
	ssc3
	Asynchronous
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