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1. Introduction
In RAN1#89 meeting, the following agreements was made regarding the synchronization signal (SS) design in NR [1]:
	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 
· 
· 


In this contribution we express our views on the working assumption (WA) of NR-SSS and provide further details on NR-SS design.

2. [bookmark: _Ref478482558]Confirmation of WA of NR-SSS
In this section we provide simulation results to compare the joint PSS/SSS detection performance of the NR-SSS WA and SSS design based on the Z4 sequence described in [2]. For that purpose, the same agreed NR-PSS sequence was used. The results are presented in Figure 1 in terms of the Miss-detection rate and Ghost cell detection rate vs. SNR. We assume here that the miss-detection is the event when the cell searcher is unable to detect the PCID of the cell actually transmitting NR SS. The ghost cell detection is the event when the cell searcher detects PCID, which do not correspond to any cell, actually transmitting NR SS. Our focus was on the single shot detection during the initial cell search, i.e., when the initial CFO (Carrier Frequency Offset) is distributed within ±5 ppm.
[image: ][image: ]
	(a) No cross-correlation taken into account	(b) Cross-correlation is taken into account
[bookmark: _Ref481410750]Figure 1. Single shot detection performance during initial cell search
For the curves in Figure 1a, the cell is registered as the detected one if the detection metric exceeds the FA (false alarm)-based threshold. The max cross-correlation between SSS sequences was not considered for this case. The fixed target FA rate (which was 0.1% in our simulations) without consideration of the SSS cross-correlation results in a high probability of ghost cell detection. However, the ghost cell detection rate can be reduced significantly if the max cross-correlation between SSS is taken into account during the receive processing as shown in Figure 1b.
From Figure 1 it can be seen easily that the NR-SSS WA and Z4-based SSS design have the same miss-detection rate. From the ghost cell detection perspective, the gain of Z4-based SSS design over the NR-SSS WA is negligible. Based on the provided simulation results the following proposal can be made:
Proposal 1:
· Confirm the WA on NR-SSS made in RAN1#89 meeting.

3. [bookmark: _Ref478506178]Details on NR-SS Design
This section provides some text to be captured in specification [3] because the current corresponding text from [3] contains errors. For example, in the description of the initial states of the PSS and SSS polynomial-based shift registers, the inversed order of bits is used which was not actually evaluated. Also, in section 7.4.2.2.1 on SSS sequence generation, there is an additional multiplicative term c(n) which is not defined. Therefore, we propose to capture sections 7.4.2.1.1 and 7.4.2.2.1 as follows:
------------ Begin of the proposed text ----------------------------------------------------------------------------------------------------
[bookmark: _Toc485296347]7.4.2.1	Primary synchronization signal
[bookmark: _Toc485296348]7.4.2.1.1	Sequence generation

The sequence  for the primary synchronization signal is defined by 


where


and


[bookmark: _Toc485296350]7.4.2.2	Secondary synchronization signal
[bookmark: _Toc485296351]7.4.2.2.1	Sequence generation

The sequence  for the secondary synchronization signal is defined by 


where


and


------------ End of the proposed text ----------------------------------------------------------------------------------------------------

Furthermore, the exact subcarrier mapping of PSS and SSS has not been fully captured, there is a common understanding among companies. The PSS/SSS sequence should be mapped to consecutive 127 subcarriers with 8 subcarriers on the right side of the frequency for guard and 9 subcarriers of the left side of the frequency for guard. The entire PSS/SSS would be mapped to 12 PRBs, consisting of 144 subcarriers total. This results in the following mapping


 and   

4. [bookmark: _GoBack]Summary
In this section, we provide the full list of proposals made during the discussion on remaining details of SS sequence design.
Proposal 1:
· Confirm the WA on NR-SSS made in RAN1#89 meeting.
Proposal 2:
· Capture in the specification the text proposed in Section 3.
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