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1. Introduction
In RAN1#88bis meeting, the following agreements were achieved ‎[1]:
Agreements:
· Working assumption: Number of PSS sequences: 3

· Number of SSS signals: 1000 post-scrambling

· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers

· SSS sequence length: 127

· SSS sequence details: Long M-sequence with scrambling

Agreements:
· Support about 1000 hypotheses provided by NR-PSS/SSS to represent NR physical cell ID for NR-SS design.

· FFS: indication of radio frame boundary by NR-SSS
· In both single beam and multi-beam scenario, support only time division multiplexing of PSS, SSS and PBCH.
This document focuses on the possibility of indicating radio frame boundary by NR-SSS in addition to cell ID, and proposes an SSS design to support 1008 sequences for signalling the cell ID and up to 42 time indices for the indication of radio frame boundary. As there would be multiple subframes containing synchronization signal, UE need to distinguish the subframe index the PSS/SSS belongs to in order to identify the radio frame boundary. It could be that only 10 time indices (out of 42) are required for signalling NR radio frame boundary.
2. Discussion

The NR-SSS sequence is proposed to be generated from two m-sequences as the same as in LTE, but with double length of that in LTE as 
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 are defined with two different cyclic shifts of the m-sequence [image: image51.png]¢(n)
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The aforementioned NR-SSS design is very similar to the proposed signal in ‎[2] with further two scrambling sequences [image: image75.png]co(n)
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 as defined in the LTE specifications for SSS.
The proposed NR-SSS supports 1008 hypotheses provided by NR-SSS (in case RAN1 agrees on 1 NR-PSS sequence). However, it could be easily adapted to support only 1000/3 hypotheses in case the working assumption on the number NR-PSS sequences is confirmed to be 3.
In addition, SS-block radio frame boundary is indicated by circular shift of the SSS in frequency domain, as illustrated in Figure 1. SSS sequence of length N with T cyclic shifts where T is smaller than N (i.e the offset between adjacent SS blocks is N/T) can be utilised as long as N/T is bigger than the residual CFO error on the SSS divided by the subcarrier spacing (SCS). For N=127 as agreed for NR-SSS sequence length, the maximal supported number of radio frame boundary indices T=42 with frequency shift step K=3. More likely that only T=10 is needed for signalling NR radio frame boundary, as there are 10 subframes in each frame.
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Figure 1: SSS sequence of length N with T cyclic shifts.
The NR-SSS detection algorithm is similar as for LTE and further obtains SS block radio frame boundary index:

i. PSS correlation in time gives symbol timing and frequency offset.
ii. FFT of SSS candidate.
iii. Equalization of SSS with PSS channel estimation (in case of coherent detection).
iv. Correlation of the equalized signal with all Cell-ID possibilities and get information about the peak height and peak position.
a. Select Cell-ID according to maximal peak height
b. Indirectly obtain the SS block radio frame boundary index from peak position. 
Another detection algorithm similar to LTE can be used. UE performs frequency domain correlation detection for each concatenated (de-shifted and de-scrambled) M-sequence. The UE derives NR cell ID and SS-block radio frame boundary index. This detection algorithm is illustrated below:
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Figure 2: LTE-like detection algorithm with de-shifted RX sequences.
Figure 3 shows LTE SSS sequences with 14 and 42 cyclic shifts in frequency domain and without shifts. The number 42 allows residual CFO of 3-times the subcarrier spacing (SCS) for length-127 SSS, which is much greater than the residual CFO after estimation over the PSS. Performance with and without cyclic shifts coincide, showing the robustness of this method.
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Figure 3: SSS sequence of length-127 with 14 and 42 cyclic shifts.
Observation 1: Negligible performance degradation due to adding 14 or 42 cyclic shifts for the proposed length-127 LTE-like SSS.

Proposal 1: RAN1 should adopt indication of radio frame boundary by NR-SSS with cyclic shifts in frequency domain.

3. Conclusion

In this contribution we provided a method for signalling the SS-block radio frame boundary.
Proposal 1: RAN1 should adopt indication of radio frame boundary by NR-SSS with cyclic shifts in frequency domain.
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Annex A
Simualtion assumptions:
	Parameters
	Values

	SSS sequence
	Length-(2M+1) with M = 63 LTE-like SSS(1).

	Channel estimation
	Ideal

	Power distribution
	Equal power for all Res

	Noise model
	AWGN

	Residual CFO after PSS acquisition
	0, 0.25*SCS, 0.5*SCS

	Note (1): LTE-like SSS comprises a concatenation of two scrambled M-sequences to provide a (2M+1)-length SSS sequence. 



