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Introduction
In RAN1#89, the following working assumption and agreement related to the sequence design details of NR synchronization signals were made [1]: 
Agreements: 
· Confirm following working assumptions on NR-PSS as agreements
· Number of PSS sequences: 3
· PSS sequence details:
· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)
1. 1 polynomial: Decimal 145 (i.e. g(x) = x7 + x4 + 1)
1. In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals
1. Initial poly shift register value: 1110110
Working assumption: 
· NR-SSS sequence design is 1 polynomial with 127 cyclic shifts, and 1 another polynomial with 9 cyclic shifts
· Two generator polynomials will be defined for m-sequences, and cyclic shift according to NR-cell ID is applied to each m-sequence
· Two polynomials are generated by g0(x) = x7 + x4 + 1 and g1(x) = x7 + x + 1
· Initial state is [0000001]
· The cyclic shift values  and  are jointly determined by the cell IDs carried by NR PSS (i.e., ) and NR SSS (i.e., )), where the cell ID is given by 
· 
· 



















This contribution discusses the remaining design details of NR synchronization signals. In particular, the focus of this contribution is on confirmation of previous working assumption on NR-SS sequence design, and remaining details of RE mapping for NR-PSS and NR-SSS sequences.
Remaining Details of NR-SSS Sequences
In the last RAN1 meeting, two design options for NR-SSS sequences were discussed and evaluated: 
· Option 1: 1 polynomial with 127 cyclic shifts, and 1 another polynomial with 9 cyclic shifts
· Option 2: 3 polynomials with 127 cyclic shifts, and 1 another polynomial with 3 cyclic shifts
A working assumption of using Option 1 for NR-SSS sequences was made in the last meeting. In [2], we compared the evaluation results of two design options, and observed that they can achieve the same performance in term of the maximum and mean cross-correlations, when both applied with optimal M-sequence generators. Hence, the design principle described in the working assumption (i.e., using Option 1) can be confirmed. 
In this contribution, we would like to show further evaluations on the details of Option 1, including the selection of M-sequence generators, initial conditions, and cyclic shifts. 
Following the construction method in the working assumption, two length-127 M-sequence generators are utilized to construct the NR-SSS sequence. To testify the selection of the M-sequence generators in the working assumption, an exhaust search on every combination of M-sequence generator pair is performed. Note that for lengh-127 M-sequence, there are 18 possible generators, such that 18*17=306 combination pairs are evaluated. The PSS-SSS cross-correlation as well as SSS-SSS cross-correlation results are illustrated in FIGURE 1. It can be observed that all pairs have the same mean cross-correlation (for both PSS-SSS and SSS-SSS), but only some of the pairs have the best max PSS-SSS cross-correlation and max SSS-SSS cross-correlation at the same time (marked as “optimal pairs” in FIGURE 1).  It has been testified that generators pair g0(x) = x7 + x4 + 1 and g1(x) = x7 + x + 1 is within the set of optimal pairs, so the M-sequence generators in the working assumption shall be confirmed.
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[bookmark: _Ref485286692]FIGURE 1 Cross-correlation evaluation for M-sequence generators.

Besides the selection of M-sequence generators, we also evaluated different selection of initial conditions and cyclic shifts of both sequences. From FIGURE 2, we observe that the mean PSS-SSS cross-correlation and mean SSS-SSS cross-correlation are the same for different parameter design options, and the CDF curves are very close as well. Hence, once the M-sequence generators are properly chosen, the parameters of initial conditions and cyclic shifts have marginal impact on the cross-correlation performance. To this end, the detailed parameters in the working assumption for NR-SSS construction can be confirmed. 
Proposal 1: The working assumption on NR-SSS sequence shall be confirmed.
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[bookmark: _Ref485294604]FIGURE 2 CDF of cross-correlation for different initial conditions and cyclic shifts.
Remaining Details of NR-SS RE Mapping
In RAN1 #88bis, it was agreed that NR-PSS sequence is mapped to consecutive 127 subcarriers in the frequency domain, but the exact RE mapping for NR-SSS sequence is still open. In order to facilitate coherent detection of NR-SSS in certain practical application scenario, it is better to align the transmission bandwidth of NR-PSS and NR-SSS, and the mapping for NR-PSS and NR-SSS in frequency domain should keep the same. 
Moreover, in RAN1 NR Ad-Hoc#1, it was agreed that for downlink, UE may assume transmit DC subcarrier at the transmitter (gNB) side is modulated i.e., data is neither rate-matched nor punctured. Hence, NR-PSS and NR-SSS should both be mapped to the central consecutive 127 subcarriers in frequency domain, including the DC subcarrier. 
Proposal 2: NR-PSS and NR-SSS are both mapped to the central consecutive 127 subcarriers in frequency domain, including the DC subcarrier.
Conclusions
This contribution presented the remaining details of NR-SS sequence design. Based on the discussion above, we have the following proposals:
Proposal 1: The working assumption on NR-SSS sequence shall be confirmed.
Proposal 2: NR-PSS and NR-SSS are both mapped to the central consecutive 127 subcarriers in frequency domain, including the DC subcarrier.
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Combination pair index of M-sequence generators (sorted by max SSS-SSS cross-correlation)
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