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Introduction
In RAN1#86bis the following agreement about the synchronization signal (SS) for initial access can be found in the Chairman note [1] as:
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
	
There would be at least two types of synchronization signals to provide time and frequency synchronization for the initial access, denoted as NR-PSS and NR-SSS, whose functionality is FFS, beside of the basic functionality. In this contribution, the alternatives for the NR-PSS design are presented for discussion. 
[bookmark: _Ref178064866]Discussion
[bookmark: _Ref465847748]To satisfy the requirements of NR, including the energy saving, various numerologies and higher carrier frequency, the resources allocated for the periodical and static signals need to be decreased as few as possible and flexible enough on various aspects. For the initial access, because of the invalid or outdated system information or out-of-synchronization, the synchronization signals have to be provided periodically in downlink for UEs to obtain the downlink synchronization in both frequency and time domains for the following demodulation on the relevant system and/or random access information. Thus, it is much important to design a synchronization signal to satisfy the requirements. Therefore, NR-PSS has to be re-designed in NR, taking the long periodicity[2], band allocation[3], one-shot detection, robustness on the initial large frequency/time error, various use cases and beam sweeping etc. into account. 
In this paper, two kinds of alternatives for the NR-PSS are discussed and compared, including enhancement on the LTE PSS sequence and re-selection on the NR-PSS sequence.
Enhancement on the LTE PSS sequence 
[bookmark: _Toc458168671]In LTE, the Zadoff-Chu sequence is selected as the PSS sequence for the excellent properties, constant amplitude before and after DFT operation, ‘ideal’ cyclic auto-correlation and low cross-correlation. Thus, it still makes sense to re-use the Zadoff-Chu sequence in some typical cases. 
Considering the working assumption in [1], the wider transmission bandwidth for NR-PSS than that for LTE-PSS and SS burst with a certain duration are supported. Thus, it is possible to extend the LTE PSS into the frequency and/or time domains as an enhancement approach.   
In Figure 1, the repetition in the frequency domain with 4 times of number of LTE PSS PRBs in one OFDM symbol to occupy 4.32MHz bandwidth in total with 15kHz numerology is illustrated. 	Since the synchronization signal sequence is repeated in each sub-band, i.e., 1.08MHz, it will be possible for low cost terminals supporting a smaller bandwidth to acquire synchronization while only receiving a portion of the synchronization signal. 
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[bookmark: _Ref465964171]Figure 1 Illustration on the enhancement with repetition in frequency domain
Proposal 1	The synchronization signal design needs to consider various system bands deployment, such as the narrow-band deployment for low cost terminals.

This repetition principle can be extended to support different numerologies: A). If keeping the same SS bandwidth and duration for different numerologies, the repetition number in either frequency or time domain can be scaled. Using the example in Figure 1, the 60kHz numerology can use one-time repetition (i.e., no repetition) in the frequency domain, and 4 times (i.e., four OFDM symbols) in the time domain, which can facilitate the beam sweeping in the duration. B). The other alternative is to keep the same number of subcarriers for different numerologies. For this alternative, the SS band would be scaled as the numerology is scaled. For example, the 60kHz numerology would occupy 17.28MHz bandwidth with the 4 repetition in the frequency domain within one OFDM symbol.
LTE PSS sequence and resource elements reserved for it can be enhanced as NR-PSS with repetition in frequency domain and/or time domain.
Once the wider bandwidth would be reserved for the SS transmission in NR, it is also to lengthen the ZC sequence to occupy the whole band as the other enhancement approach as illustrated in Figure 2, where the number of “278” is just an example. It is noted that this approach can use the advantages of ZC sequence, such as constant amplitudes and good auto-correlation property. If the longer sequence used, the exact root value and length in the reserved resource elements needs to be further optimized.
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[bookmark: _Ref465966472]Figure 2 Illustration on the enhancement with lengthening sequence in frequency domain
In this enhancement, the longer sequence means better detection successful rate on the target sequence for the lower cross-correlation property. On the other hand, the ZC sequence can obtain the lower PAPR, compared with the other approach for the constant amplitude. To support different numerologies, the bandwidth would be scaled if using the same length/subcarriers as the NR-PSS.
ZC sequence can be lengthened for the wider band.
A few evaluation results on the illustrations of Figure 1 and Figure 2 can found in [4].
Re-selection on the NR-PSS sequence
As basic function of synchronization signal, the accuracy of the frequency and time synchronization is much important besides of the sequence identification. The synchronization algorithms on the receiver side plays an important role behind. In general, the initial time synchronization within the cyclic-prefix length and coarse frequency synchronization are acquired from the synchronization signal based on some algorithms in the receiver, such as matched filter in the time domain and hypothesis of the frequency errors.
In NR, there could be large frequency error between the TRP and terminals for the possible low cost terminals and absence of tracking from the frequent static reference signals, which would challenge the synchronization algorithm complexity in the terminal. Thus, a sequence selected as the synchronization signal should consider the detection complexity when handling large frequency error. 
Proposal 2	The synchronization signal design needs to consider the detection algorithm complexity with large frequency error.

In [5], a Costas array was proposed as the NR-PSS sequence as illustrated in Figure 3, where the resource elements (REs) reserved for the NR-PSS are determined by the Costas array within a given OFDM symbol. With this construction, the frequency and time synchronization can be acquired with low complexity and without significant ambiguity.
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[bookmark: _Ref465967509]Figure 3 Illustration on the NR-PSS sequence based on Costas array
Because of the sparse REs allocation, the power of each REs will be significantly boosted compared to other REs, e.g., a 12.3dB boots given in [5]. However, we think the large power differences needs to be further investigated, e.g., whether the high value could introduce unexpected out-of-band emissions.
Re-selection on the sequence, e.g., Costas Array, can acquire accurate frequency and time synchronization with lower detection complexity.
Conclusion
In Section 2 we made the following observations:
Observation 1	LTE PSS sequence and resource elements reserved for it can be enhanced as NR-PSS with repetition in frequency domain and/or time domain.
Observation 2	ZC sequence can be lengthened for the wider band.
Observation 3	Re-selection on the sequence, e.g., Costas Array, can acquire accurate frequency and time synchronization with lower detection complexity.
We also have the following proposals:
Proposal 1	The synchronization signal design needs to consider various system bands deployment, such as the narrow-band deployment for low cost terminals.
Proposal 2	The synchronization signal design needs to consider the detection algorithm complexity with large frequency error.
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