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1 Introduction

NR synchronization signal is expected to be transmitted in a multiple/scalable carrier numerologies. Several related agreements were made at the previous meeting RAN1 #86bis [1]:
· At least one subcarrier spacing for each synchronization signal (e.g. NR PSS,SSS, PBCH) is predefined in the specification for a given frequency range
· FFS: Subcarrier spacings for NR PSS, SSS and PBCH can be same or different.
· Note that there are more than one frequency ranges
· FFS: for the case when the frequency ranges are overlapped.

· FFS: whether or not to define a single numerology or multiple numerology for frequency range

· RAN1 should study the number of subcarrier spacings in a given frequency range and strive for minimizing the number of subcarrier spacings

An X-time repetition waveform was proposed in [2][3] enabling generation of a same synchronization signal using different subcarrier spacings, which is especially convenient in a multiple/scalable numerology capable carrier.

In this contribution, we discuss the remaining details on the X-time repetition waveform for primary synchronization signal, and also the above FFS points concerning primary synchronization signal. 
2 NR Primary Synchronization Signal Design
The LTE primary synchronization signals have been comprehensively studied and deployed in the commercial networks. Hence the LTE PSS design shall be taken as the baseline, at least for LTE related frequency range. Specifically, the same synchronization signal time duration as that for LTE shall be kept to provide similar transmit energy. This has an implication that OFDM symbol repetition shall be used when a larger subcarrier spacing (a shorter resulting OFDM symbol duration) other than 15 kHz is used. 
2.1 Evaluations

Generation Method
For basic subcarrier spacing, e.g., 
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, an NR PSS waveform is generated by mapping one element of the synchronization signal sequence to every X-th resource element using (1), cf. [2][3]:
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(1)
Due to the distributed resource element mapping, the resultant waveform naturally exhibits an X-time repetition in the time domain.

For a scaled subcarrier spacing 
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, an NR PSS waveform is generated by contiguous sequence mapping and X-time repetition in the time-domain. The repetition is done immediately after the first OFDM symbol boundary, i.e., without CP insertion in between.
It can be verified that the above operations result in the same NR PSS waveform for both (f1 and (f2. 
One example of X=2 is provided in Fig. 1, where the subcarriers mapped by NR-PSS are always centered on 15*X*n kHz. In this way it allows the network node to generate the same signal using different subcarrier spacing, which further favours both the network implementation and UE detection complexity, especially for primary synchronization signal detection typically done in the time domain using matched filtering. 
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Figure 1. Seqeunce mapping for 2-time repetition waveform using 15/30 kHz subcarrier spacing, producing the same time-domain signal waveform in both cases.
Correlation Property

The correlation performances for both LTE PSS and NR PSS with X= 2 and X=4 are provided. For NR PSS, the sequence is mapped in a distributed way for X>1. The same FFT size is used for both LTE PSS and NR PSS. The detailed parameters are given in Appendix.  

For 2-time repetition, we observe in Fig. 2 that the time repetitive synchronization waveform produces a higher auto-correlation value at the time sample adjacent to correct timing. This means that the time repetitive synchronization signal provides better time resolution than the LTE synchronization signal. The reason could be the NR PSS with time repetition waveform occupies larger signal bandwidth, which translates into finer time resolution. 

For auto-correlation sidelobes, we further observe in Fig. 2 that the time repetitive synchronization waveform produces higher correlation value for the highest sidelobe (i.e., 0.5). The highest sidelobe occurs at a fixed timing, i.e., the time samples corresponding to the time difference of half symbol duration (128 samples), which is caused by the time repetition property which may imply special considerations at the receiver for the sidelobes caused by repetition, especially for large repetition factor, is needed. However, the LTE synchronization signal produces higher correlation values for the 2nd (i.e., 0.29) and the remaining highest sidelobes. 

[image: image6.emf]50 100 150 200 250 300 350 400 450 500

Time Samples

0

0.2

0.4

0.6

0.8

1

A

u

t

o

-

c

o

r

r

e

l

a

t

i

o

n

LTE PSS

NR PSS with 2-time repetition

Finer time resolution 

 (narrower main lobe) 

for NR PSS         

Larger 1st

sidelobe for

NR PSS

Larger 2nd

sidelobe for

LTE PSS


Figure 2.  Auto-correlation magnitude for LTE PSS and 2-time repetition PSS.
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Figure 3. Cross-correlation magnitude for LTE PSS and 2-time repetition PSS.
For cross-correlation, we observe that in Fig. 3 the time repetition synchronization waveform produces lower correlation values, which may imply lower false cell ID detection performance.

Similar observations can be made for auto-correlation and cross-correlation for 4-time repetition, as shown in Appendix (Fig. 4 and 5). 

Observation 1:
Compared to LTE PSS, X-time repetition NR PSS provides:

· better time resolution.

· higher auto-correlation values for X-1 highest sidelobes at fixed timing points caused by repetition, while lower correlation values for the remaining sidelobes.   

· lower cross-correlation values.
2.2 Subcarrier spacing for synchronization signal
The subcarrier spacing defined for synchronization signal is preferred to be among the candidate values (Table 1 as an example) in order to avoid supporting an additional subcarrier spacing only for synchronization signals. A single common X-time repetition waveform is possible for frequency range below 6 GHz with an LTE-like duration. The NR PSS can be defined using 15 kHz basic subcarrier spacing as LTE, with X equal to 2 or 4. 

NR PSS defined by 15 kHz subcarrier spacing always ensures the same symbol duration as LTE, which further provides comparable transmit energy for synchronization signals. If X=2 the network node could multiplex any other signals with either 15 kHz or 30 kHz subcarrier spacing without any ICI. The common NR PSS signal can be generated by either 15 kHz using 1-to-X mapping, or by 30 kHz and repetition, as illustrated in Figure 1. If 60 kHz subcarrier spacing is supported for sub 6 GHz, it would be possible to further consider X=4.      

Table 1. Example of initial parameters for subcarrier spacing for NR carrier in association with frequency ranges.
	Frequency Range
	Subcarrier spacing

	[0 2] GHz
	{15,[30]} kHz

	(2 4] GHz
	{15,30, [60]} kHz

	(4 6] GHz
	{15, 30, [60]} kHz

	Above 6 GHz
	{60, 120, 240, 480} kHz


Separate synchronization signal waveform can be defined for higher frequency ranges above 6 GHz. The justification is that completely different subcarrier spacing set may be defined for higher frequency ranges, and the coverage would be based on the use of multi-beam sweeping. Again it would be preferred that a common X-time repetition waveform is adopted for NR PSS for at least two frequency ranges.
Observation 2:
It is possible to define a single NR PSS using X-time repetition waveform with at least 2 subcarrier spacings and LTE-like duration for at least frequency ranges below 6 GHz.
3 Conclusions
Auto- and cross correlation performances are provided for X-time repetition waveform for NR PSS. A single common X-time repetition waveform defined on 15 kHz subcarrier spacing is proposed for at least frequency ranges below 6 GHz in order to efficiently multiplex other signals and channels, while providing the same symbol duration as LTE.
Proposal 1:
A single common X-time repetition waveform with LTE-like duration is adopted for NR PSS for frequency ranges below 6 GHz. 
Proposal 2:
At least 2 default subcarrier spacings are supported for NR PSS for frequency ranges below 6 GHz, i.e. f0 and X*f0, where f0 = 15 kHz and X = 2 or 4. 
Proposal 3:
Separate X-time repetition waveform is defined for frequency range above 6 GHz. FFS on X and the default subcarrier spacing.
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Appendix

The details of the PSS evaluations are provided in Table 1.
Table 1. Evaluation Setup
	Parameters
	Values
	Comments

	PSS sequence
	as in LTE
	The root index is 25 for auto correlation. The cross correlation root considers 25 and 29.

	Basic subcarrier spacing
	15 kHz
	The NR PSS is generated by distributed mapping.

	X
	2, 4
	The NR PSS is generated by mapping every 2nd subcarrier for 2-time repetition, and every 4th subcarrier for 4-time repetition.

	FFT Size
	256 for X=2, 512 for X=4
	The same FFT size is used for LTE PSS and NR PSS. 


The auto- and cross correlation performance for 4-time repetition PSS is further provided below.
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Figure 4. Auto-correlation magnitude for LTE PSS and 4-time repetition PSS (X=4).
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Figure 5. Cross-correlation magnitude for LTE PSS and 4-time repetition PSS (X=4).
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