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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
Three alternatives were agreed to be studied for the numerology of NR synchronization signal(s) in RAN1#86 as follows [3]:
	Agreements:
· For subcarrier spacing of each synchronization signal (e.g. NR PSS,SSS) in a NR carrier, the following alternatives should be studied
· Alt 1: Subcarrier spacing is predefined in the specification for a given frequency range
· Ex: 15kHz for sub-6GHz, 60kHz for over-6GHz
· Note that there are more than one frequency ranges
· Alt 2: Subcarrier spacing is selected by NR BS
· FFS: Details on the set of possible numerologies
· Note: Blind detection of multiple numerologies can be considered
· Alt 3: Single subcarrier spacing is predefined in the specification for all frequency ranges
· Other alternatives are not precluded
· NR synchronization signal is based on CP-OFDM
· Note that DFT-spread-OFDM based design is not precluded



In this contribution the PSS performance as a function of PSS length and sub-carrier spacing is shown. The purpose is to find a minimum length for the sequence, so that reliable single-shot PSS detection is possible at low end of the supported SNR range. 
2	Simulation setup
We have simulated detection of an LTE-like PSS sequence with two numerologies and with varying PSS lengths. The simulation setup follows the agreed guide lines [4]. The main parameters of the simulation can be found in Table 1. The shortest simulated PSS is the same as the LTE PSS signal.
Table 1  Simulation parameters	
	Parameter	
	Value		

	Carrier frequency
	4 GHz

	PSS sequence type
	Zhadoff-Chu

	Number of sequences
	3

	PSS length
	63, 127, 255

	PSS period
	5 ms

	Sub-carrier spacing
	15 kHz, 60 kHz

	Channel model
	CDL-C 100 ns scaling, AWGN

	UE speed
	30 km/h, 480 km/h

	Receiver algorithm
	Single-shot time-domain correlator with thresholding

	False alarm probability
	< 1 %


3	Simulation results
Figures 1 and 3 show the single shot detection probability when thresholding applied so that false alarm probability is less than 1 %. Figures 2 and 4 shows the accuracy with which the PSS location can be determined from a single received PSS sequence. For the PSS location accuracy results no thresholding was applied, instead a location estimate was produced for every sub-frame containing the PSS. Uncertainty range for the results in Figures 2 and 4 is the whole sub-frame.
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Figure 1 PSS detection probability (with thresholding), CDL-C channel model
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Figure 2 Probability of peak location outside CP (peak location estimate derived for every sub-frame containing PSS), CDL-C channel model.
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Figure 3 PSS detection probability (with thresholding), AWGN channel

[image: ]
[bookmark: _GoBack]Figure 4 Probability of peak location estimation error, AWGN channel
4	Conclusions
Simulation results show that the LTE PSS sequence needs to be lengthened in order to ensure satisfactory single-shot performance at low SNRs. With carrier frequencies below 6 GHz the impact of Doppler spread is negligible even with 15 kHz sub-carrier spacing and high UE speed. Also below 6 GHz the 15 kHz sub-carrier spacing performs significantly better than the 60 kHz spacing when cases with identical bandwidth requirements are compared.
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