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1. Introduction

The design of synchronization signal including PSS and SSS is very important to ensure the performance of initial access. In RAN1#87 meeting, the design of NR-PSS and NR-SSS was discussed with the following progresses:
Agreements:
· For NR-PSS

· ZC-sequence can be used as the baseline sequence for NR-PSS for study.

· Other type of sequences are not excluded, e.g. low density power boosted sequence.

· Study the following alternatives on the NR-PSS sequence length

· Alt 1: using sequence whose length is longer than LTE.

· Whether one longer sequence is used or whether the longer sequence is constructed by concatenating multiple sequences which may be same or different sequence and/or length.

· Alt 2: using sequence whose length is shorter than LTE.

· Alt 3: using sequence whose length is the same LTE.

· Study the following alternatives on the sequence repetition

· Alt 1: no repetition.

· Alt 2: time-repetitive signal of NR-PSS across OFDM symbols
· Alt 3: time-repetitive signal of NR-PSS within an OFDM symbol
· Alt 4: frequency-repetitive NR-PSS sequences within an OFDM symbol (element-wise or sequence-wise).

· For NR-SSS

· Study the following alternatives for NR-SSS sequence design:

· Alt 1: interleaving two M-sequences without scrambling using ID in PSS (no cell ID in NR-PSS).

· Alt 2: interleaving two M-sequences with scrambling using ID in PSS as in LTE.

· Alt 3: a root sequence cyclically shifted in time and/or frequency domain.

· E.g. ZC-sequence or M-sequence with cyclic shifts.

· Alt 4: message-based transmission (CRC and/or channel coding based). 

· Alt 5: element-wise multiplication of the ZC-sequence and PN-sequence with cyclic shifts. 

· Other alternatives are not excluded.  

· Study the following alternatives on the NR-SSS sequence length:

· Alt 1: using sequence whose length is longer than LTE.

· Whether one longer sequence is used or whether the longer sequence is constructed by concatenating multiple sequences which may be same or different sequence and/or length.

· Alt 2: using the same NR-SSS sequence length as in LTE.

· Study the following alternatives on the sequence repetition/interleaving:

· Alt 1: no repetition.

· Alt 2: time-repetitive signal of NR-SSS within or across OFDM symbols.

· Alt 3: frequency-repetitive sequences of NR-SSS within an OFDM symbol (element-wise or sequence-wise).

· Alt 4: frequency interleaved sequence of NR-SSS using comb structure within a OFDM symbol.
In this contribution, we further discuss the design of NR-PSS/SSS for initial access of NR.
2. Discussion
In LTE system, 504 cell IDs are carried by ZC sequence (PSS) and two length-31 M sequences (SSS). In NR, the cell may be much smaller than that in LTE to achieve high spectrum efficiency. At the same time, the bandwidth of synchronization signal in NR can be much larger than that in LTE, and is possible to carry more information. The detection capability of NR UE is also expected to be stronger than LTE UE. Hence, more than 504 cell IDs can be supported in NR to reduce possible inter-cell interference and support smaller cell. It is also preferred than the cell IDs are carried by NR-PSS/SSS similar to LTE rather than NR-PBCH to ensure the detection performance of NR-PBCH.
Proposal 1:  More than 504 cell IDs carried by NR-PSS/SSS sequences can be supported for NR.

To carry more cell IDs and ensure similar or better detection performance than LTE, longer synchronization sequence may be needed. Also, with larger synchronization bandwidth, some additional information such as SS-block index and beam number can also be carried by synchronization signal [1]. At least NR-SSS can use a longer sequence to carry more IDs. Since NR-PSS is used for initial synchronization access, the complexity and latency of NR-PSS detection should be kept to be as low as possible. It needs further study whether it is necessary to use a longer NR-PSS sequence. Also, the number of possible NR-PSS sequences should be limited to be no significantly larger than that in LTE. For example, no more than 10 NR-PSS sequences can be considered.
Proposal 2:  The NR-SSS sequence can be longer than LTE-SSS to carry more information.
Proposal 3: To ensure low initial access latency, the number of NR-PSS sequences should be limited to be no significantly larger than that in LTE.
If more information (e.g. beam index and more cell IDs) is carried by synchronization signal, one-shot synchronization signal would be insufficient to provide similar or better detection performance than LTE. Repetition transmission is needed to ensure access latency via additional diversity gain. Compared to repetition in frequency domain, time-repetitive sequence is not limited to transmit power, and can support longer synchronization sequence in limited synchronization bandwidth. Furthermore, time-repetitive NR-PSS enables symbol level blind detection instead of chip level detection, which can significantly reduce the UE complexity.
Proposal 4:  Time-repetitive NR-PSS/SSS sequence within a SS-block is supported.
LTE-PSS/SSS sequences or new sequences may be used for NR-PSS/SSS. To find the sequences with better cross-correlation and phase characteristic than LTE-PSS/SSS sequences, an amount of evaluations are needed. Considering the time limitation of NR SI, it is difficult to agree on a new sequence via sufficient evaluation of many companies similar to LTE in few RAN1 meetings. Hence, ZC sequence and M sequence can be reused for NR-PSS/SSS if there is no agreed observation that significant gain can be achieved by a new sequence.
Proposal 5:  The base sequence of LTE-PSS/SSS can be reused for NR-PSS/SSS unless a new sequence can provide significant gain in different scenarios.
3. Conclusions
In this contribution, we discuss the design of NR-PSS and NR-SSS sequences. The proposals are summarized as follows.
Proposal 1:  More than 504 cell IDs carried by NR-PSS/SSS sequences can be supported for NR.
Proposal 2:  The NR-SSS sequence can be longer than LTE-SSS to carry more information.

Proposal 3: To ensure low initial access latency, the number of NR-PSS sequences should be limited to be no significantly larger than that in LTE.
Proposal 4:  Time-repetitive NR-PSS/SSS sequence within a SS-block is supported.

Proposal 5:  The base sequence of LTE-PSS/SSS can be reused for NR-PSS/SSS unless a new sequence can provide significant gain in different scenarios.
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