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Introduction
In last RAN1 NR Ad hoc meeting, some agreements have been made on the PSS/SSS sequence bandwidth and sequence design:
Agreements of sequence length:
· NR defines at least one basic sequence length for each synchronization signal in case of sequence-based synchronization signal design
· Down-select from following candidates based on at least subcarrier spacing and bandwidth consideration for synchronization signals
· Alt.1: sequence length is about 255
· Alt.2: sequence length is about 127
· Alt.3: sequence length is about 63
· Note even number is not precluded
· Note that this is total length of basic sequence that may be constructed by concatenation of multiple sequences like LTE-SSS
· Striving for the design where NR-SS for different usage scenario (e.g., different frequency range) can be generated by using basic sequence length (e.g., applying different subcarrier spacing value)
· FFS: repetition/concatenation of same or different sequence with the same basic sequence length in frequency domain, repetition/concatenation of same or different sequence with the same basic sequence length in different OFDM symbols, single basic sequence mapped to multiple OFDM symbols, mapping the basic sequence to every N subcarriers, defining additional longer sequence than basic sequence
· FFS on message-based synchronization signal design
Agreements of subcarrier spacing:
· For default subcarrier spacing of SS, at least for evaluation purposes, following two frequency range categories are defined
· Frequency range category #1 is evaluated for below 6 GHz
· Evaluate default subcarrier spacing value for this category from [15 kHz, 30 kHz, 60 kHz] until the next meeting
· Frequency range category #2 is evaluated for range from 6 to 52.6 GHz
· Evaluate default subcarrier spacing value for this category from [120 kHz, 240 kHz] until the next meeting
· FFS on the necessity of finer categorization
· Note: The impact of SS block duration on the achievable latency should be considered in addition to existing criteria
· RAN1 aims to down select default subcarrier spacing from above listed subcarrier spacing values for each agreed frequency range categories
· Note that final set of frequency categories may include more than the above two categories
FFS whether PBCH subcarrier spacing is default subcarrier spacing for the respective frequency range category or not
Agreements of transmission bandwidth:
· For frequency range category #1 (below 6 GHz) where [15 kHz, 30 kHz, 60 kHz] are candidate subcarrier spacing values:
· Candidate minimum NR carrier bandwidth are [5 MHz, 10 MHz, 20 MHz]
· Candidate transmission bandwidth of each synchronization signal are about [1.08 MHz, 2.16 MHz, 4.32 MHz, 8.64 MHz]
· For frequency range category #2 (above 6 GHz) where [120 kHz, 240 kHz] are candidate subcarrier spacing values:
· Candidate minimum NR carrier bandwidth are [20 MHz, 40 MHz, 80 MHz]
· Candidate transmission bandwidth of each synchronization signal are about [8.64 MHz, 17.28 MHz, 34.56 MHz, 69.12 MHz]
· The above frequency range categories may be further divided into different categories with different parameters
· FFS on bandwidth of additional synchronization signal(s) if defined
· NR minimum carrier bandwidth for carrier which does not support initial access is FFS
· FFS: UE bandwidth
In RAN1 88 meeting, Agreement about the number of PSS sequence has been made:
· RAN1 will definitely select the number of NR-PSS sequences from following 2 alternatives in the next meeting
· Alt. 1: NR supports one NR-PSS sequence, and no cell ID hypothesis is carried by NR-PSS
· Alt. 2: NR supports 3 NR-PSS sequences
The detailed of all proposed sequence design have been disclosed, in this contribution, we give our evaluation performance results of some sequence design, and give our preference on the number of NR-PSS sequence, the sequence type of PSS/SSS and also the subcarrier and transmission bandwidth of sequence signals.
The number of NR-PSS
In LTE, PSS is used for detection of one of three physical layer IDs and initial symbol timing and frequency synchronization. Each of the three PSS sequence is formed in the frequency domain based on the Zadoff-Chu (ZC) sequence and corresponds to a unique ZC sequence root. The PSS can be used for further coherent detection of SSS, and can represent part of the cell ID.
In NR, to decide the number of NR-PSS, both the detection performance and complexity should be considered.
Figure 1 compares the absolute values of the residual frequency offset and the absolute values of the residual timing offset about the PSS sequence, from the figure, we can see that with the same SCS of 30kHz, the performance of the residual timing and carrier frequency offset are similar. This is reasonable since they all have the same SCS and sequence length.
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[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Fig. 1. The ressidual timing and carrier frequency offset

The NR-PSS is used to acquire at least time and frequency synchronization in UE initial access, the UE has to blindly acquire symbol timing, ZC sequence roots of PSS sequence and a part of carrier frequency offset (CFO) by NR-PSS searching, which brings high computational complexity and high power consumption. Since the complexity of PSS detection is mainly decided by the complex-valued multiplications involved in NR-PSS detection, adopting 1 sequence would bring the reduction of hypothesis testing through NR-PSS (e.g., detection of part of Cell ID) and would be beneficial to reduce implementation complexity and power consumption compared with adopting 3 sequences. But on the other hand, there may be some adversely affect for the synchronization performance e.g. SSS detection cannot use PSS as coherent detection.
Observation 1：The detection performance of 1 NR-PSS sequence and 3 NR-PSS sequence is similar.
Proposal 1: To decide the number of NR-PSS need to consider the detection complexity of both PSS and SSS.
PSS length and transmission bandwidth
In LTE, the PSS is length of 62 frequency domain Zadoff-Chu sequence, and the transmission bandwidth of SS is 1.08 MHz with 15kHz subcarrier.
In NR higher frequency band is adopted, and considering that UE may experience larger frequency offset, 30kHz sub-carrier spacing for below 6GHz and 120kHz sub-carrier spacing for above 6GHz can be introduced to make UE synchronization detection more robustness to frequency offset. 
Since multi-beam operation for initial access is supported in NR, it is important to enhance the detection performance of Synchronization signals, increasing the length of NR PSS to e.g. 127 is one way to get better synchronization detection performance.
At the same time, the system bandwidth of NR will be larger, then the transmission bandwidth of NR will also be larger, based on the subcarrier of SS introduced in NR and the proposed increased length of PSS, the transmission bandwidth of SS would be 4.32MHz for below 6GHz NR carrier, and 17.28MHz for above 6GHz NR carrier.
Proposal 2: The length of NR-SS longer than LTE, e.g.127 can be supported. 
Proposal 3:The subcarrier and transmission bandwidth of NR-SS can be 30kHz/4.32MHz for NR carrier below 6GHz, and 120kHz/17.28MHz for NR carrier above 6 GHz.
NR-PSS sequence design
In LTE, Zadoff-Chu sequence and m sequence are used for PSS and SSS respectively. Zadoff-chu sequence is agreed as the baseline sequence for NR-PSS. There are still many methods to produce Zadoff-chu sequence, some examples are shown below:
Option 1. Concatenated ZC sequence with the same length of LTE in frequency domain, for example, frequency domain Zadoff-Chu sequence according to 



where the Zadoff-Chu root sequence index is selected as 29.
Option 2. Concatenated ZC sequence with the same length of LTE in time domain, for example, Frequency domain Zadoff-Chu sequence is generated according to 



where the Zadoff-Chu root sequence index is {16, 22, 47}, the resource elements are symmetrically mapped around a synchronization signal center frequency, on every even numbered subcarrier.

Option 3.One new longer ZC sequence, for example, The sequence  used for the primary synchronization signal is generated from a frequency-domain Zadoff-Chu sequence according to



where the Zadoff-Chu root sequence index  is {42, 44, 85}.
We give our initial evaluation of these three PSS design, firstly we give our analysis of PAPR of these three options.



Table 1 PAPR of option 1
	
	PAPR

	PSS(u=16)
	3.4675

	PSS(u=22)
	4.7363

	PSS(u=47)
	3.4675


Table 2 PAPR of option 2
	
	PAPR

	PSS(u=42)
	4.0276

	PSS(u=44)
	4.6717

	PSS(u=85)
	4.0276


Table 3 PAPR of option 3
	
	PAPR

	PSS(u=116)
	7.0917


Secondly, we give the Residual timing offset and carrier frequency offset of three options.
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Figure 2 Residual timing offset and carrier frequency offset of three PSS options
Thirdly, we give the figure of joint PSS/SSS misdetection rate of three options, based on the binary sequence of SSS.
[image: ]
Figure 3 Joint PSS/SSS detection rate of three options
From the evaluation results, we can see that similar performance achieved with three options, so further study and discussion needed when deciding the final detailed PSS/SSS design, but at least we think the zadoff-chu based PSS and m sequence based SSS same as LTE should be supported in NR.
Proposal 4: Zadoff-Chu sequence based PSS and m sequence based SSS need to be considered in NR SS design.
Conclusion
In this contribution, we give our evaluation performance results of some sequence design, and give our preference on the number of NR-PSS sequence, the sequence type of PSS/SSS and also the subcarrier and transmission bandwidth of sequence signals, and the following proposals are given:
Proposal 1: To decide the number of NR-PSS need to consider the detection complexity of both PSS and SSS.
Proposal 2: The length of NR-SS longer than LTE, e.g.127 can be supported. 
Proposal 3:The subcarrier and transmission bandwidth of NR-SS can be 30kHz/4.32MHz for NR carrier below 6GHz, and 120kHz/17.28MHz for NR carrier above 6 GHz.
Proposal 4: Zadoff-Chu sequence based PSS and m sequence based SSS need to be considered in NR SS design.
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Appendix simulation assumptions
Table1. Link-level Evaluation Assumptions
	Parameter
	Value

	Carrier Frequency
	4GHz

	Subcarrier spacing
	15kHz/30kHz

	Channel model
	CDL-C with delay scaling values of 100ns

	UE speed
	3km/h

	Antenna configuration at the TRP
	(1,1,2) with omni-directional antenna element

	Antenna configuration at the UE
	(1,1,2) with omni-directional antenna element

	Target received baseband SNR
	-6dB

	Frequency Offset
	TRP: uniform distribution +/-0.05 ppm
UE: uniform distribution +/- 5 ppm
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