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1 	Introduction
In the RAN4#84 meeting the link level simulation assumptions for multi-cell NR cell detection with PSS/SSS were updated [1]. 
It could be found that there are large simulation results’ gap between each company’s submissions [2]-[4]. Therefore, in this contribution the link level simulation results for single cell NR PSS/SSS detection for sub 6GHz band are provided.
2 Simulation assumption
The scenario for no Tx and Rx beamforming and single SS block are evaluated firstly. Only one cell configuration without interference cell is simulated. The detailed simulation parameters can be found in the appendix.
Considering the trade-off of detection performance and power consumption, 4 Rx is not supported. The following simulation is always based on 2 Rx.   
Table 1 shows the simulation results of 90th percentile cell detection delay under AWGN, EPA5, ETU30, TDL-A, TDL-B, TDL-C channels with subcarrier spacing 15 kHz and 30 kHz. Table 2 is the one shot detection probability, and since the burst set periodicity is 5ms, one shot corresponds to 5ms.

Table 1: Cell detection delay (in number of required SS block)
	SINR
(dB)
Channel
	SCS=15KHz
	SCS=30KHz

	
	-8
	-7
	-6
	-8
	-7
	-6

	AWGN
	1
	1
	1
	1
	1
	1

	EPA5
	2
	2
	2
	2
	2
	2

	ETU30
	4
	3
	2
	6
	4
	3

	TDL-A(5Hz)
	2
	2
	2
	2
	2
	2

	TDL-B(5Hz)
	2
	2
	2
	2
	2
	2

	TDL-C(5Hz)
	2
	2
	1
	2
	2
	2

	TDL-A(30Hz)
	3
	2
	2
	3
	2
	2

	TDL-B(30Hz)
	3
	2
	2
	3
	2
	2

	TDL-C(30Hz)
	3
	2
	2
	3
	2
	2





Table 2: One shot detection probability
	SINR
(dB)
Channel
	SCS=15KHz
	SCS=30KHz

	
	-8
	-7
	-6
	-8
	-7
	-6

	AWGN
	99.3%
	99.9%
	100%
	99.6%
	100%
	100%

	EPA5
	74.2%
	81.9%
	86.7%
	70.8%
	79.8%
	86.2%

	ETU30
	52.3%
	66.8%
	75.5%
	36.1%
	50.8%
	64.6%

	TDL-A(5Hz)
	75.4%
	81.4%
	86.9%
	69.3%
	81.4%
	86.4%

	TDL-B(5Hz)
	71.4%
	76.8%
	82.6%
	71.1%
	78.9%
	86.5%

	TDL-C(5Hz)
	79.5%
	85.5%
	91.4%
	79.2%
	85%
	89.4%

	TDL-A(30Hz)
	68.4%
	77.3%
	84.4%
	62.4%
	70.8%
	80%

	TDL-B(30Hz)
	68.8%
	77%
	82.9%
	60.7%
	69.5%
	78.2%

	TDL-C(30Hz)
	69.5%
	77%
	83.7%
	68.3%
	76.2%
	83%



From Table 1 and 2, the followings are given:
In ETU channel with large RMS delay spread, the CP will be not enough for larger subcarrier spacing. Subcarrier spacing 30 kHz will have poorer performance than subcarrier spacing 15 kHz in ETU channel, while the performance seems not significantly impacted in other channel profile.
Observation 1: For sub6GHz, the impact of the subcarrier spacing on the NR-PSS/SSS detection time depends on the channel profile’s delay spread.
We tried different Doppler shifts for TDL channel profile. It could be found that different Doppler shift will result in different cell search performance in TDL channel profile. Therefore, we suggest RAN4 to further Align the TDL channel Doppler shift in simulation assumption.
Observation 2: Different Doppler shift will result in different cell search performance in TDL channel profile.
Proposal 1: Align the TDL channel Doppler shift in simulation assumption.
One shot simulation could reflects the performance changing more straightforward than 90th percentile detection delay for different channel profile in different company. Therefore, we think the one shot performance should also be provided during simulation alignment between companies. 
Proposal 2: One shot performance should be provided during simulation alignment between companies.
Observation 3: The NR-PSS/SSS detection time seems to be accepted by using 2 receivers.

3 Summary
In this paper, we provided initial results for single cell PSS/SS detection in NR sub-6G band, for a number of parameter combinations according to the simulation assumptions agreed in [1]. The results should be taken into account when RAN4 discusses the requirements.
Observation 1: For sub6GHz, the impact of the subcarrier spacing on the NR-PSS/SSS detection time depends on the channel profile’s delay spread.
Observation 2: Different Doppler shift will result in different cell search performance in TDL channel profile.
Proposal 1: Align the TDL channel Doppler shift in simulation assumption.
Proposal 2: One shot performance should be provided during simulation alignment between companies.
Observation 3: The NR-PSS/SSS detection time seems to be accepted by using 2 receivers.
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5 Annex A: Simulation Assumptions
Table A.1: Cell-specific Parameters for PSS/SSS Detection
	Parameter
	Unit
	Cell 

	RF Channel number
	-
	Channel 1

	Carrier frequency 
	
	4GHz

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

	RB Utilization
	%
	100

	Power boosting for PSS and SSS
	dB
	0

	Power boosting for Data and Control
	dB
	0

	Data Modulation
	-
	QPSK

	CP Length
	-
	Normal

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


	SS burst set periodicity
	ms
	5

	Frequency Offset relative to UE frequency reference
	Hz
	0

	Eor/Ioc for K=1
	dB
	SINR: -6dB, -7dB, -8dB

	Number of Tx antennas
	-
	1

	Cell ID
	
	674

	PSS Sequence ID
	-
	2

	SSS Sequence ID
	-
	224

	Propagation Condition
	-
	AWGN, EPA5, ETU30
TDL-A/B/C with 100ns for 4 GHz Note1

	Noc Model
	-
	AWGN noise

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



Table 2: UE-specific Parameters for Cell Detection
	Simulation parameters
	Comments/values

	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 (Without receiver beamforming)



