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1 Introduction

In RAN1 #86bis, the following agreement and working assumption related to NR synchronization signals was made [1]: 

This contribution discusses the NR synchronization signals (NR-PSS and NR-SSS), including functions, contents, and sequence design considerations. 

2 NR Cell ID
One of the basic functions for synchronization signals is to indicate the physical layer cell identities. In LTE, there are 504 unique cell IDs, and the particular sequences transmitted for PSS and SSS in a given cell are utilized to detect the cell ID by the UE. The number of cell IDs, together with other hypotheses (e.g. frequency and time domain offsets), determines the total number of hypotheses to be detected from the synchronization signals, and determines the complexity of detection by the UE. So, it is always beneficial for NR to minimize the number of cell IDs contained in NR-SS to improve the detection accuracy and reduce the complexity. Moreover, although NR needs to support extensively higher number of TRPs in the network, considering that an NR cell can cover large number of TRPs, the number of cell IDs is still sufficient due to the benefit from more robust synchronization signal design, beam management and CoMP technique supported in NR to handle potential issues caused by the increase of TRPs. Hence, we propose that NR shall maintain the number of cell IDs as in LTE, e.g. 504. 
Proposal 1: NR shall support 504 physical layer cell identities. 

In LTE, the 504 cell IDs are grouped into 168 groups where each group contains 3 identities. The cell ID information is carried by both the PSS and SSS sequences, where one out of the 3 identity hypotheses within a cell ID group is included in the PSS sequence, and one out of the 168 cell ID group hypotheses is included in the SSS sequence. This two-stage cell ID detection scheme is reported to suffer from a false alarm issue, especially for neighboring cell search. Due to the sequential nature of cell ID detection (where the detected cell ID is derived from the composite of two detected indices from the first and second stages, respectively), the UE on the cell edge ends up with detecting many false cell ID candidates. Those false candidates can be removed in the PBCH detection, however, the periodicity of PBCH is much larger than PSS and SSS, and the capability of cell ID correction from PBCH detection is limited. Hence, fully relying on PBCH to remove the false candidates is not efficient, and it causes increased latency in cell ID acquisition and degrades the performance of handover. Hence, for NR cell search, one-stage cell ID detection scheme shall be studied, where one out of the 504 cell ID hypotheses is included in the NR-SSS sequence only and no cell ID hypothesis is included in the NR-PSS sequence. Except for alleviating the false alarm issue, the proposed one-stage cell ID detection scheme can also help to reduce the complexity of the NR-PSS detection. 
Proposal 2: NR shall study the one-stage cell ID detection scheme, where cell ID information is included in NR-SSS sequence only. 

3 NR-PSS Sequence Design

In LTE, the PSS is constructed from a frequency-domain ZC sequence of length 63, with the middle element truncated to avoid using the d.c. subcarrier. 3 roots are selected for PSS to represent the 3 physical layer identities within each group of cells. The PSS sequence is transmitted in the central 6 Resource Blocks (RBs), invariant to the system bandwidth to enable the UE to synchronize without a priori information of the system bandwidth.
In NR, the transmission bandwidth of NR-PSS is considered to be larger than the one in LTE. The number of subcarriers to transmit NR-PSS is highly likely to be larger than the one in LTE as well, which allows for more reliable and robust NR-PSS sequence design. Hence, NR shall support using ZC-sequences as a baseline for NR-PSS sequence design, and study using longer NR-PSS sequence length and/or repetition of NR-PSS sequences in time-domain and/or frequency domain. 
Proposal 3: NR shall support using ZC-sequences as a baseline for NR-PSS sequence design, and study using longer NR-PSS sequence length and/or repetition of NR-PSS sequences in time-domain and/or frequency domain. 

4 NR-SSS Sequence Design
In LTE, the SSS is constructed based on the maximum length sequences (also known as M-sequences). Each SSS sequence is constructed by interleaving two length-31 BPSK modulated subsequences in frequency domain, where the two subsequences are constructed from the same M-sequence using different cyclic shifts. The cyclic shift indices for both parts are based on the physical cell ID group information. The SSS sequence is also transmitted in the central 6 Resource Blocks (RBs), which is the same as PSS, to enable the UE to synchronize without a priori information of the system bandwidth, and perform coherent detection of SSS by using PSS as reference signals. 

In NR, the transmission bandwidth of NR-SSS is also considered to be larger than the one in LTE. The number of subcarriers to transmit NR-SSS is highly likely to be larger than the one in LTE as well, which enables more reliable and robust NR-SSS sequence design. Moreover, by a reason analogous to the two-stage (PSS-SSS) cell ID detection discussed in the preceding section, the SSS constructed from two subsequences also leads to amplifying the false alarm issue in neighboring cell search (due to high side lobes in the SSS cross-correlation profile). Therefore, NR-SSS shall be redesigned considering a wider range of sequence design methods (e.g. beyond concatenating two M-sequences) to enable better performance on detection accuracy. 
Proposal 4: NR shall study using a wider range of methods (e.g. beyond concatenating two M-sequences) for NR-SSS sequence design, and study using longer NR-SSS sequence length and/or repetition of NR-SSS sequences in time-domain and/or frequency domain.
5 Conclusions
This contribution presented an overview of NR-PSS and NR-SSS, including their functions, contents, and sequence design considerations. Based on the discussion above, we have the following proposals:
Proposal 1: NR shall support 504 physical layer cell identities. 
Proposal 2: NR shall study the one-stage cell ID detection scheme, where cell ID information is included in NR-SSS sequence only. 

Proposal 3: NR shall support using ZC-sequences as a baseline for NR-PSS sequence design, and study using longer NR-PSS sequence length and/or repetition of NR-PSS sequences in time-domain and/or frequency domain. 

Proposal 4: NR shall study using a wider range of methods (e.g. beyond concatenating two M-sequences) for NR-SSS sequence design, and study using longer NR-SSS sequence length and/or repetition of NR-SSS sequences in time-domain and/or frequency domain.

References
[1] RAN1 Chairman’s Note, 3GPP TSG RAN WG1 Meeting #86bis, October 2016.
[image: image1.png]


[image: image2.png]



Agreements:


NR defines at least two types of synchronization signals


NR-PSS at least for initial symbol boundary synchronization to the NR cell


FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing


NR-SSS for detection of NR cell ID or at least part of NR cell ID


Number of NR cell IDs is targeted to be at least 504


FFS larger than that in LTE


FFS number of NR cell IDs


NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead


FFS FDM or TDM


FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index





Working assumption:


Wider transmission bandwidth for NR-PSS/SSS and/or PBCH than that for LTE-PSS/SSS/PBCH is supported at least for a subcarrier spacing larger than 15kHz


Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [5 or 20] MHz


Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz
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