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Introduction
The Primary Synchronization Signal (PSS) sequence in NR has been specified, and the work assumption for Secondary Synchronization Signal (SSS) sequence was given at the RAN1 #89 meeting. In addition to SS sequence design, for SS block composition, it was confirmed that NR-PSS, NR-SSS and NR-PBCH are present in every SS block and NR-PSS is mapped before NR-SSS. The progress achieved at the RAN1 #89 meeting regarding the SS sequence design and SS block composition is described in the following agreements and working assumption,
Agreements: 
· Confirm following working assumptions on NR-PSS as agreements
. Number of PSS sequences: 3
1. PSS sequence details:
1. 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 
· 
· 

Agreements: 
· For SS block composition, the following should be supported
· Confirm the working assumption that NR-PSS, NR-SSS and NR-PBCH are present in every SS block
· NR-PSS is mapped before NR-SSS.
· In case that number of PBCH symbols is two within a SS block,
· Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH
· Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH
· Option 3: The mapping order of SS blocks is PBCH- PSS-SSS-PBCH
· Option 4: The mapping order of SS blocks is PSS-PBCH-PBCH-SSS
· Down selection from above options should be done together with NR-PBCH design decision

This contribution discusses remaining details of SS sequence design and RE mapping of SS block. Other aspects including SS burst set composition, SS block configuration, and SS time index indication are discussed in related contributions [1] and [2].
 Remaining detail of NR-PSS and NR-SSS Sequence Design

At the RAN1 #89 meeting the work assumption for Secondary Synchronization Signal (SSS) sequence was achieved as following,

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 
· 
· 

In the working assumption, ,  representing the physical-layer cell-identity group, can be detected by SSS correlation  and the SSS sequence is associating  with the physical layer identity within the physical-layer cell-identity group, , detected by PSS correlation.  A physical-layer cell identity  is uniquely defined by a number  in the range of 0 to 335.It has the ability to reject false cell IDs during SSS detection. If a false PSS detection event occurs, the correlation value of SSS will be very low, which is guaranteed by the low cross-correlation between SSS sequences with different . Hence, a SSS detection rate is required to be set properly in order to reject false detection of PSS.

The receiver filtering of synchronization signal will be performed by the UE. There should be some reserved  gap of several subcarriers next to both ends of the PSS/SSS. It is agreed that the PSS will be mapped to 127 consecutive subcarriers. There are several choices for the number of subcarriers for the gap. If UE applies a filter with a pass-band similar to the PSS/SSS bandwidth, around 17 empty subcarriers (= 12 PRBs -127 subcarriers) can be used as the guard band. In comparison, there are total 10 empty subcarriers next to the ends of PSS/SSS sequence in LTE. The other choice for gap is to apply a filter with a pass-band similar to PBCH bandwidth. In NR, one SS block is composed by PSS, SSS and PBCH. The PBCH is mapped to 288 consecutive subcarriers. For easy resource mapping of other FDMed channels in SS block, a filter with pass band of the PBCH bandwidth can be applied, and there are 80 subcarriers on each side of the PSS/SSS sequence.  The selection of the number of reserved subcarriers acting as guard bands for the PSS/SSS should be discussed. 

Proposal 1: The number of reserved subcarriers acting as guard bands for the PSS/SSS should be discussed.

RE mapping of SS block
For SS block composition, it was agreed that NR-PSS, NR-SSS and NR-PBCH are present in every SS block and NR-PSS is mapped before NR-SSS. In case that number of PBCH symbols is two within a SS block, down selection from 4 options as following should be done, The 4 options are shown in Figure 1.
· Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH
· Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH
· Option 3: The mapping order of SS blocks is PBCH- PSS-SSS-PBCH
· Option 4: The mapping order of SS blocks is PSS-PBCH-PBCH-SSS


[bookmark: _Ref471619861]Figure 1: Options of SS block composition
The temporal separation of DMRS or temporal separation of PSS and SSS potentially allow to estimate and compensate residual carrier frequency offset (RFO), which is the SS block composition in Option 3 and Option 4. Since there are multiple choices of DMRS in one PBCH, the uncertainty of PBCH DMRS will increase the complexity of frequency offset estimation. It is better to use PSS and SSS to implement the frequency offset estimation. The simulations in [3] show that compared with other options, Option 4 is more resistant to frequency offset. 
Proposal 2: SS block mapping order Option 4, i.e., PSS-PBCH-PBCH-SSS, should be used for SS block composition for its better performance to resist frequency offset.
It is possible to use NR SSS as the channel estimation source for PBCH in conjunction with PBCH DMRS. For that purpose, it is preferable that the frequency center of NR SSS are mapped the same point as the frequency center of PBCH to improve PBCH demodulation performance. And for the estimation accuracy of fine frequency estimate, the frequency center of NR PSS should be aligned with the frequency center of NR SSS

Proposal 3:  Frequency center of NR PSS/SSS/PBCH should be aligned. 

Conclusion
This contribution discussed remaining detail of PSS and SSS sequence design. In addition we discussed RE mapping considering the relationship among  PSS, SSS and PBCH in time and frequency domain. The proposals are summarized as follows:
Proposal 1: The number of reserved subcarriers acting as guard bands for the PSS/SSS should be discussed.
Proposal 2: SS block mapping order Option 4, i.e., PSS-PBCH-PBCH-SSS, should be used for SS block composition for its better performance to resist frequency offset.
Proposal 3: Frequency center of NR PSS/SSS/PBCH should be aligned. 
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