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1. Introduction

In RAN1 #89 meeting, the agreements for the design of synchronization signal were made as follows [1]:

	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 [image: image2.png]
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 are jointly determined by the cell IDs carried by NR PSS (i.e., [image: image6.png]


) and NR SSS (i.e., [image: image8.png]


)), where the cell ID is given by [image: image10.png]NE = 3N + N
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In this contribution, we discuss remaining details on NR-SSS sequence design.
2. Discussion
Problem definition of WA NR-SSS Sequence
In the last meeting, it was agreed that NR-SSS sequence is generated by Gold sequence. Also, the formula of cyclic shift for each m-sequence is agreed. The agreed cyclic shift values m0 and m1 for each m-sequence is increased by one sample unit. However, these rule of cyclic shift value brings a problem. That is, when there is residual frequency offset after PSS detection, amplitude of correlation for target NR-SSS sequence is reduced, and amplitude of correlation for adjacent NR-SSS sequence is increased. In figure 2, we provide an example of correlation property of WA NR-SSS sequence when residual frequency offset is assumed.


[image: image15]
Figure 2. Correlation Property of WA NR-SSS sequence according to frequency offset

When normalized frequency offset is increased from 0 to 2.5, amplitude of correlation for cell-ID ‘0’ is reduced. On the other hand, amplitude of correlation for cell-ID ‘1’ and ‘2’ is increased. Also, it is observed that amplitude of correlation for cell-ID ‘0’ and cell-ID ‘1’ is same when normalize frequency offset is 0.5. It means that even though only one cell transmits SSS sequence, UE may misunderstand that signal from two cells are measured. As a result, measurement ambiguity is existed.
Observation 1: When there is residual frequency offset after PSS detection, amplitude of correlation for target NR-SSS sequence is reduced, and amplitude of correlation for adjacent NR-SSS sequence is increased. As a result, measurement ambiguity is existed.
Modification of WA NR-SSS sequence
One simple solution is that different sample unit of cyclic shift for each m-sequence is applied. We provide the modified formula of cyclic shift as follow:
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Proposal 1: For Gold sequence based NR-SSS sequence, different unit of cyclic shift should be applied for each m-sequence. The cyclic shift values m0 and m1 should be modified as follow:
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Sequence to RE mapping
Similar with LTE PSS/SSS sequence to RE mapping, NR-SS sequence can be mapped at the central resource elements of transmission bandwidth, and some REs at the edge of transmission bandwidth can be reserved as guard subcarrier. When 12 RBs are used for NR-SS transmission, 127 REs are used for NR-SS sequence, and 17 REs are reserved. In this case, the 64th element of NR-SS sequence can be mapped at center subcarrier of NR-SS transmission bandwidth. Figure 1 depicts the NR-SS sequence to RE mapping.
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Figure 1. NR-SS sequence to RE mapping
Proposal 2: NR-SS sequence can be mapped at the central resource elements of transmission bandwidth, and some REs can be reserved as guard subcarrier.
3. Conclusion
In this contribution, we discussed remaining details on NR-SSS sequence design. As a conclusion of the discussion, we summarize observation and proposals as followings:
Observation 1: When there is residual frequency offset after PSS detection, amplitude of correlation for target NR-SSS sequence is reduced, and amplitude of correlation for adjacent NR-SSS sequence is increased. As a result, measurement ambiguity is existed.
Proposal 1: For Gold sequence based NR-SSS sequence, different unit for cyclic shift should be applied for each m-sequence. The cyclic shift values m0 and m1 should be modified as follow:
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Proposal 2: NR-SS sequence can be mapped at the central resource elements of transmission bandwidth, and some REs can be reserved as guard subcarrier.
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