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Introduction
In RAN1#86, the following agreement was made:
· For subcarrier spacing of each synchronization signal (e.g. NR PSS,SSS) in a NR carrier, the following alternatives should be studied
· Alt 1: Subcarrier spacing is predefined in the specification for a given frequency range
· Ex: 15kHz for sub-6GHz, 60kHz for over-6GHz
· Note that there are more than one frequency ranges
· Alt 2: Subcarrier spacing is selected by NR BS
· FFS: Details on the set of possible numerologies
· Note: Blind detection of multiple numerologies can be considered
· Alt 3: Single subcarrier spacing is predefined in the specification for all frequency ranges
· Other alternatives are not precluded
· NR synchronization signal is based on CP-OFDM
· Note that DFT-spread-OFDM based design is not precluded

In this contribution we give an overview of the design criteria for the initial access synchronization signal design.
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This contribution addresses the following issues:
· Numerology for the synchronization signal
· Bandwidth of the synchronization signal
· Frequency position of the synchronization signal within the NR carrier
· Number of sequences to be supported
The periodicity of the synchronization signal is discussed in [1] and [2]. Additionally, we discuss a weakness in the LTE synchronization design that should be avoided in LTE.
Numerology for the synchronization signal
NR will support different numerologies to cater for a large frequency range and diverse deployment scenarios. For initial access cell search, where the UE has no knowledge of the carrier, searching for synchronization signals with different carrier spacing within a band will multiply the search time for the UE and should be avoided. Hence, a single default numerology should be picked within a frequency range, where a frequency range is defined as all frequency bands with overlapping DL frequency. In the specification, the default numerology could be associated with the frequency band definition. 
Within a frequency range, a single default numerology is selected for the synchronization signal 
Similar, with multiple cyclic prefix lengths per subcarrier spacing, to avoid detecting the cyclic prefix length blindly a default cyclic prefix should be used.
Bandwidth of the synchronization signal
The wider the synchronization signal, the better performance can be achieved for timing estimation. However, the synchronization signal should not be wider in bandwidth than the minimum system bandwidth or the maximum bandwidth of bandwidth restricted UEs (UEs not capable of receiving the full system bandwidth). With different numerologies, the bandwidth of the synchronization signal will change if the same number of subcarriers are used. Also, the required system bandwidths and maximum bandwidth of bandwidth restricted UEs will vary with the frequency range.  Hence, similar to the numerology, a default synchronization signal bandwidth is used within a frequency range.
Before deciding the synchronization signal bandwidth, the following needs to be decided per frequency range:
· Minimum system bandwidth
· Maximum bandwidth of bandwidth restricted UEs
In LTE, introducing new system bandwidths has been difficult since legacy UEs rely on the knowledge of the system bandwidth, for example for the PDCCH. In order to support extension of the system bandwidth in later releases while keeping the backwards compatibility, all NR UEs should be considered to be bandwidth restricted and not need to know the system bandwidth used on the carrier. 
Frequency position of the synchronization signal
In LTE, the synchronization signal is always in the middle of the LTE carrier. Since large flexibility is needed in the frequency placement of the carrier, this led to a frequency raster for initial cell search of 100 kHz. The frequency grid for placement of the carrier should be kept, but as proposed in [4], the frequency raster for the initial cell search should be spares then the carrier/channel raster.
The frequency position of the synchronization signal within a carrier should be flexible to allow a sparser frequency raster for the initial cell search than the carrier/channel raster
The flexible placement of the synchronization signal needs to be taken into account when deciding the bandwidth of the synchronization signal to allow shifting within the system bandwidth.   
Number of sequences
In LTE, coarse synchronization during cell search was achieved using two separate downlink signals, the Primary Synchronization Signal (PSS) and the Secondary Synchronization Signal (SSS). The combination of the sequences used for PSS and SSS in a given cell indicates the physical layer cell identity to the UE, with a total of 504 unique Physical Cell Identities (PCIs). 
To allow similar deployments for NR as for LTE, at least the same number of identities should be supported. 
The synchronization signal should support conveying at least the same number of identities as LTE
Additional information can be considered conveyed by the synchronization signal, specifically any information needed to decode the PBCH carrying the MIB.
Sequence design
To avoid high detection complexity, a similar two-step construction as the LTE synchronization signal should be kept with a few sequences for the PSS with good periodic correlation properties for time domain detection with limited complexity, and where the SSS can be detected using the timing derived from the PSS.  sequences are based on m-sequences and are created by cycling through every possible state of a shift register, which is constructed by interleaved two codes in the frequency domain. Any discovered weaknesses of the LTE synchronization signals should be improved in the NR design.
The synchronization signal should be a two-step construction similar to the LTE with a PSS and an SSS. 
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In this contribution, we discussed the synchronization signal design principles and make the following observation: 
1. Before deciding the synchronization signal bandwidth, the following needs to be decided per frequency range:
· Minimum system bandwidth
· Maximum bandwidth of bandwidth restricted UEs
And proposals:
1. Within a frequency range, a single default numerology is selected for the synchronization signal 
The frequency position of the synchronization signal within a carrier should be flexible to allow a sparser frequency raster for the initial cell search than the carrier/channel raster
The synchronization signal should support conveying at least the same number of identities as LTE
[bookmark: _GoBack]The synchronization signal should be a two-step construction similar to the LTE with a PSS and an SSS. 
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