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1. Introduction

For SS(Synchronization Signal) in NR system, SS sequence design related issues ware discussed and following agreements are captured at the RAN1#87 meeting [1] and RAN1 NR ad-hoc#1 meeting [2].

Agreements at the RAN1#87 meeting:
- For initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification

▪ FFS: Definition of frequency band

▪ FFS: Subcarrier spacing of NR-PSS and NR-SSS is the same or not

▪ FFS: CP length
- 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.
Agreements at the RAN1 NR ad-hoc#1 meeting:
- 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
- Down-select the number of NR cell IDs in PSS and SSS from
▪ Alt 1: 504

▪ Alt 2: about 1000 to 2000

▪ Alt 3: 600
▪ Note that other information is not excluded from PSS/SSS
- Down-select from the following alternatives on the number of NR-PSS sequence(s):
▪ Alt 1: One

▪ Alt 2: Two

▪ Alt 3: Three

▪ Alt 4: Four

▪ Alt 5: Six
- Companies are encouraged to evaluate and down-select from the above alternatives in the next meeting.
In this contribution, we will discuss considerations on sequence design for synchronization signal based on above agreements, and provide our views.

2. Considerations on sequence design for synchronization signal
NR cell IDs and Cell ID detection

To support various deployment scenarios for NR system, i.e., enhanced broadband connectivity, mMTC/uMTC, D2D/V2X related communication, needs for more cell IDs compared to LTE system are increased. Advantages of large cell IDs was discussed in [3], and it is already discussed SI/WI related to SCE(Small Cell Enhancement) although not introduced to maintain current LTE system. Therefore, NR system should consider supporting larger than 504 cell IDs. Exact number of cell IDs should be determined with considerations of SS performance, UE complexity and indication of cell IDs using SS (e.g., about 1000 to 2000).
For cell ID detection, LTE uses two-step detection by PSS and SSS. False alarm problem for neighbouring cell search in the two-step cell ID detection was discussed in [4]. By this, performance related to handover between cells could be decreased and latency related to cell ID acquisition could be increased. Therefore, one-step cell ID detection should be studied. For example, by NR-SSS, 504 or more than 504 cell ID hypotheses could be detected. In this case, the other than 168 combinations by interleaved two length-31 m-sequences could be used if  LTE SSS using interleaved two length-31 m-sequences is re-used for basic sequence of NR-SSS. 
Although it will be decided to use two-step cell ID detection for maintaining LTE mechanism, the number of NR-PSS sequences should be reduced to guarantee better SS performance, e.g., 2 NR-PSS sequences with root sequence index 29 or 34 which have best cross-correlation property and complex-conjugate property on length-63 ZC sequence if  LTE PSS using length-63 ZC sequence is re-used for basic sequence of NR-PSS..
Proposal 1:
For NR cell IDs and cell ID detection
 - About 1000 to 2000 cell IDs could be considered for the number of NR cell IDs.
- One-step cell ID detection could be considered for NR cell ID detection.
▪ In this case, only NR-SSS is used to indicated NR cell ID information.
- The number of NR-PSS sequence(s) should be 1 or 2.
▪ 1 if one-step cell ID detection is decided.
▪ 2 if two-step cell ID detection is decided. 
NR-PSS design 
Length-62 sequence truncated with consideration of d.c. subcarrier from length-63 ZC-sequence and transmission bandwidth corresponds to 6RBs is used for LTE PSS. 

For NR system, larger transmission bandwidth than 6RB in LTE could be considered to support better NR-PSS detection performance. More number of subcarriers than 62 subcarriers in LTE could be used for NR-PSS transmission to guarantee more robust and reliable NR-PSS performance. 
One simple way but already guaranteed way from LTE is re-using of ZC-sequence in LTE PSS. In one NR-PSS sequence block for which time-frequency resource corresponds to 72 subcarriers and 1 symbol is used, length-62 sequence truncated from length-63 ZC-sequence is transmitted as a basic sequence of NR-PSS. 
For larger transmission bandwidth, one NR-PSS sequence block could be repeated in frequency-domain and/or time-domain. Furthermore, with considerations on total number of available and required subcarriers and symbols to transmit NR-PSS which could be different from each SCS(subcarrier spacing), the number of repetition of the NR-PSS sequence block could be different in frequency-domain and time-domain respectively.
 The other way is Costas Array based NR-PSS sequence design proposed in [5]. Costas Array or Modular Sonar sequence(which is extended version of Costas Array) based sequence design already studied for LTE PRS(Positioning Reference Signal) in LTE Release-9. Large number of almost orthogonal sequences within a limited transmission resource and good detection performance without significant ambiguity could be provided by Costas Array or Modular Sonar sequence based sequence design as studied for LTE PRS, even though PRS sequence based on diagonal pattern is adopted for simplicity in LTE PRS.
Proposal 2:
For NR-PSS sequence design
 - ZC-sequence whose length is same to the LTE could be used as basic sequence of NR-PSS for one NR-PSS sequence block.
▪  One NR-PSS sequence block could be repeated, and the number of repetition could be different for each SCS in frequency-domain and time-domain respectively.
- Costas Array or Modular Sonar sequence based NR-PSS sequence design could be also considered.

NR-SSS design 
Length-62 sequence from interleaved two length-31 m-sequences and transmission bandwidth corresponds to 6RBs is used for LTE SSS. 

Already mentioned for NR-PSS, larger transmission bandwidth than 6RB in LTE could be considered to support better NR-SSS detection performance, and more subcarriers than 62 subcarriers in LTE could be used for NR-SSS transmission.
The simple way but already guaranteed way from LTE is re-using of interleaved two length-31 m-sequences in LTE SSS. In one NR-SSS sequence block for which time-frequency resource corresponds to 72 subcarriers and 1 symbol is used, length-62 sequence from interleaved two length-31 m-sequences is transmitted as a basic sequence of NR-SSS.
Only difference from LTE SSS is that NR-SSS sequence is not scrambled with NR cell ID because of NR-PSS could not indicate NR cell ID information as proposed in above. And, for larger transmission bandwidth, one NR-SSS sequence block could be repeated. Furthermore, with considerations on total number of available and required subcarriers and symbols to transmit NR-SSS which could be different from each SCS(subcarrier spacing), the number of repetition of the NR-SSS sequence block could be different in frequency-domain and time-domain respectively.

To indicate SS block time index, different mapping order between interleaved two length-31 m-sequences could be used in each repetition of NR-SSS sequence block. For example, total 2N cases is available to indicate SS block time index if N repetitions of NR-SSS sequence block within a SS block is used.
Proposal 3:
For NR-SSS sequence design
 - Interleaved two lengh-31 m-sequences without scrambling based on NR cell ID could be used as basic sequence of NR-SSS for one NR-SSS sequence block.

▪  One NR-SSS sequence block could be repeated, and the number of repetition could be different for each SCS in frequency-domain and time-domain respectively.
▪  To indicate SS block time index, different mapping order between interleaved two length-31 m-sequences could be used in each repetition of NR-SSS sequence block within a SS block.
3. Conclusion

In this contribution, we discussed remaining considerations on sequence design for synchronization signal, and provide our views with following our proposals.
Proposal 1:
For NR cell IDs and cell ID detection
 - About 1000 to 2000 cell IDs could be considered for the number of NR cell IDs.

- One-step cell ID detection could be considered for NR cell ID detection.

▪ In this case, only NR-SSS is used to indicated NR cell ID information.

- The number of NR-PSS sequence(s) should be 1 or 2.

▪ 1 if one-step cell ID detection is decided.

▪ 2 if two-step cell ID detection is decided. 
Proposal 2:
For NR-PSS sequence design
 - ZC-sequence whose length is same to the LTE could be used as basic sequence of NR-PSS for one NR-PSS sequence block.

▪  One NR-PSS sequence block could be repeated, and the number of repetition could be different for each SCS in frequency-domain and time-domain respectively.
- Costas Array or Modular Sonar sequence based NR-PSS sequence design could be also considered.

Proposal 3:
For NR-SSS sequence design
 - Interleaved two lengh-31 m-sequences without scrambling based on NR cell ID could be used as basic sequence of NR-SSS for one NR-SSS sequence block.

▪  One NR-SSS sequence block could be repeated, and the number of repetition could be different for each SCS in frequency-domain and time-domain respectively.
▪  To indicate SS block time index, different mapping order between interleaved two length-31 m-sequences could be used in each repetition of NR-SSS sequence block within a SS block.
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