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1. Introduction
In RAN1 #89 [1], the following working assumption is made:
· 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 
· 
· 
Questions were raised in [2] regarding the robustness of NR SSS in the presence of residual frequency offset after NR PSS detection. In this contribution, we show that with a minor change to the mapping of cell ID to the cyclic shift value, the problem can be significantly alleviated.
2. NR-SSS Signal Properties
In this section, we discuss the properties of the NR-SSS sequences in more detail. Specifically, cross correlations between all NR-SSS sequence pairs are evaluated. We also provide cross correlations between NR-SSS sequence pairs with the presence of carrier frequency offsets. 
2.1. Correlation Properties
Cross correlation between any pair of NR-SSS sequences is the most important performance metrics in NR-SSS design. Lower cross correlation implies better separation between hypotheses, leading to better tradeoffs between detection rate and false alarm rate. In order to cope with various multi-path channel conditions, any arbitrary pair of NR-SSS sequences are required to have low cross correlation for all possible relative cyclic time shifts. In sequence design, the maximum cross correlation among all possible relative cyclic shifts, denoted by , is often used to characterize the correlation property between a pair of sequences. Formally, given two distinct time domain sequences  and  of length ,  between  and  is defined as:

Figure 1 (left) provides the distribution of normalized  for all  pairs of the proposed NR-SSS sequences. For completeness, we also provide the distributions of zero-delay cross correlation  in the same plot. From Figure 1 (left), we can see that for the NR-SSS sequences, the maximum values of  and  are given by 0.134 and 0.243 respectively. The low cross correlation property of the sequences should provide good trade-offs between detection rate and false alarm rate.
In the presence of frequency offset,  defined in the equation above needs to be revised as

to account for the residual frequency offset . Next, we verify the robustness of the NR-SSS sequence design against residual frequency offset using the revised metric. Since the residual frequency offset tends to be small after frequency acquisition is performed using NR-PSS, it is safe to assume a residual error of at most  OFDM subcarrier spacing. Note that even though a two stage detection algorithm for NR-SS is assumed, it is not sufficient to exam only the cross correlation between SSS sequences corresponding to the same PSS group (i.e., sequences corresponding to the same ). In fact, it is quite common that the SSS sequence of the serving cell and SSS sequences of the neighboring cells belong to different PSS groups. Thus, when evaluating the robustness of SSS sequences against frequency offset, cross correlation of the full set of SSS sequences should be considered. From the mapping of cell ID to the two cyclic shift values given in section 1, we observe that . It has been pointed out in [2] that under this setting (i.e.,  with unit spacing), the resulting sequences will suffer from large cross correlations with the presence of frequency offset. This is illustrated in Figure 1 (right). From the figure, we can see that the maximum normalized cross correlation of the current NR-SSS design increases beyond 0.5 for frequency offset larger than 0.3 subcarrier spacing, and approaches 1.0 as frequency offset increases to 1 subcarrier spacing. This could seriously hurt the NR-SS detection performance. 
Observation 1: Due to the selection of , current NR-SSS design is quite vulnerable to frequency offset.
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[bookmark: _Ref484440690]Figure 1: Normalized Cross Correlation of NR-SSS. Left: no frequency offset. Right: Various frequency offsets
To solve the problem, we could simply increase the spacing of . The idea has been proposed in various contributions, including [3] and [4]. Specifically, using the example in [4], we could modify the  and  mapping as follow:

The resulting cross correlation (with the presence of frequency offset) is plotted in Figure 1 (right). From the figure, we can see that the maximum normalized cross correlation of the resulting NR-SSS sequences are below 0.35 for all frequency offsets evaluated, achieving robustness against frequency offset up to 1 subcarrier spacing. 
Proposal 1: NR-SSS should adopt  and  mapping as described above.
3. Conclusion
In this contribution, we evaluate the NR-SSS design proposed in RAN1 #89 [1]. Based on our study and evaluation results, we have the following observation and proposal:
Observation 1: Due to the selection of , current NR-SSS design is quite vulnerable to frequency offset.
Proposal 1: NR-SSS should adopt the following  and  mapping:
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