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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].
The RAN1#86 bis agreed to define at least two types of synchronization signals and left the multiplexing choice for further study [3]:
	Agreements:
· NR defines at least two types of synchronization signals
· NR-PSS at least for initial symbol boundary synchronization to the NR cell
· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing
· NR-SSS for detection of NR cell ID or at least part of NR cell ID
· Number of NR cell IDs is targeted to be at least 504
· FFS: larger than that in LTE
· FFS number of NR cell IDs
· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS FDM or TDM
· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index




In the previous contribution [5] we evaluated the PSS performance as a function of PSS length and sub-carrier spacing is shown and in this contribution we present results showing the performance of two synchronization signals and comparing the frequency and time multiplexed synchronization signals. 
2	Simulation setup
We have simulated detection of an LTE-like PSS and SSS sequences with varying 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 sequences are the same as the LTE synchronization signals.
	
	Parameter	
	Value		

	Carrier frequency
	4 GHz

	PSS sequence type
	Zhadoff-Chu

	SSS sequence type
	LTE-like sequences

	Number of PSS sequences
	3

	Number of SSS sequences
	168

	PSS/SSS length
	63, 127

	PSS/SSS period
	5 ms

	Sub-carrier spacing
	15 kHz

	Channel model
	CDL-C 100 ns scaling, AWGN

	UE speed
	30 km/h, 480 km/h

	PSS receiver algorithm
	Single-shot time-domain correlator with thresholding

	SSS receiver algorithm
	Single-shot non-coherent exhaustive search

	False alarm probability
	< 1 %


Table 1  Simulation parameters
3	Simulation results
Figures 1, 2 and 3 show the single shot detection rates for TDM and FDM synchronization signals in the CDL-C and the AWGN channel with two sequence lengths 63 and 127. Both PSS and SSS detection rates are shown. The SSS detection rate is obtained so that the detection is performed only after the PSS correlation result exceeds the detection threshold. In the FDM case the PSS and SSS are placed directly adjacent to each other, while in the TDM case the channels are in the same frequency locations in adjacent symbols. There is no performance difference between the placement options in the AWGN channel, because the channel is static and not selective. In the CDL-C channel the longer FDM SSS sequence performs slightly worse at low SNRs than the TDM version due to frequency selectivity. Time correlation guarantees better channel conditions for the TDM SSS signal. At higher UE speeds the time correlation is reduced and the difference disappears (see Figure 2). The PSS results are naturally identical for practical purposes in the two (TDM, FDM) cases.
Figure 4 shows the frequency estimation accuracy using a single-shot PSS symbol based estimator. We note that the estimation error is within the range that is tolerated by the SSS detector.
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Figure 1 Comparison of TDM vs FDM synchronization signals, CDL-C channel model
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Figure 2 Comparison of TDM vs FDM synchronization signals, CDL-C channel model
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Figure 3 Comparison of TDM vs FDM synchronization signals, AWGN channel
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Figure 4 Frequency error estimation accuracy
4	Conclusions
In terms of detection performance both TDM and FDM of synchronization signals are viable candidates.
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