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1 Introduction
RAN1 sent an LS to ask RAN4 to decide the synchronization signal frequency raster and subcarrier spacing in [1]. 
· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz

· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling

· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 

In this contribution, we discuss synchronization signal frequency raster, synchronization signal subcarrier spacing as well as channel frequency for NR. The raster should consider many factors such as available spectrum in the band, channel bandwidth and numerology in the frequency band, so the analysis is divided into three parts:
· LTE refarming band

· NR-only band in sub-6GHz

· NR-only band above 6GHz
The agreements on the related factors such as maximum and minimum channel bandwidth, subcarrier spacing and synchronization signal sequence length [1] [2] [3] are also listed as below for smoothing the discussion:
· PSS/SSS sequence length: 127 
· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz
· CBW:

· sub-6GHz: 5M~100M

· above 6GHz: 50M~400M
· SCS: 

· sub-1GHz: 15kHz, 30kHz

· The decision of supporting 60kHz is pending RAN1 check

· 1GHz -6GHz: 15kHz, 30kHz, 60kHz

· above 6GHz: 60 kHz, 120kHz

· 240kHz is not applicable for data
2 Discussion

2.1 High level principles
Synchronization signal frequency raster is not explicitly defined for LTE because channel centre frequency is equal to synchronization signal frequency and channel raster is also the synchronization signal frequency raster. However for NR, it is expected to have more SS blocks in one large CBW so it is better to split these two concepts and define them separately. In this section, we discuss some high level principles for these two concepts which must be complied.
Synchronization signal is used for initial cell search of UE, so its raster (or all the potential SS locations) should be specified very explicitly in the specification to determine the UE behaviour (Principle 1). If one channel bandwidth includes multiple SS blocks, then the spacing between two SS blocks should be multiple of subcarrier spacing (Principle 2: △Fs =|Fs1-Fs2|=SCS*n).
Regarding the channel raster, it seems more related concept is channel frequency rather than channel raster specified in LTE. The channel frequency should be specified to (Principle 3):
· confirm a appropriate frequency to place the system channel bandwidth within the allocated frequency range;
· inform UE the UL channel frequency from BS.
The spacing between SS frequency and channel frequency should be multiple of subcarrier spacing to realize orthogonality in one channel (Principle 4: |Fs-Fc|=SCS*n)

In below sections, we discuss how to define SS raster and channel frequency based on above high level principles.
2.2 LTE refarming band
In LTE refarming band, as legacy system exist, it is better to reuse LTE channel frequency as NR channel and synchronization signal frequency for channel bandwidth 5MHz~20MHz in order to co-exist with legacy system. This means the SS raster is 100kHz and both channel frequency and SS frequency are multiple of 100kHz like in Figure 1. This can ensure the channel is strictly confined within the spectrum the operator holds.
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Figure 1 SS raster and channel raster for channel bandwidth same as LTE channel bandwidth

For new channel bandwidth larger than 20MHz in NR, more than one SS block may be needed. To keep same SS raster in LTE bands, the spacing between two synchronization signal blocks within the channel should be the least common multiple of 100kHz and 15kHz (Principle 2) which is the minimum SCS for NR in LTE band as in Figure 2.

[image: image2]
Figure 2 SS raster and channel raster for channel bandwidth larger than LTE channel bandwidth
In that case, the DL and UL channel frequency can not be kept to multiple of 100kHz, it should be adjusted to accommodate multiple subcarriers between SS centre frequency and channel centre frequency (Principle 4), e.g. 
Fc =Fs+SCS*m=100kHz*n+15kHz*m +Flow
             =100kHz*n’+5kHz*m’ +Flow (m’=0, 1, 2…, 19)
=5kHz*k +Flow
This formula is very similar to channel definition for NB-IoT in-band and guard-band operation. There is no need to keep the concept of channel raster but the channel actually located in some frequencies at multiple of 5kHz.
Regarding the synchronization signal subcarrier spacing, it is also proposed to reuse LTE subcarrier spacing 15kHz for NR in LTE refarming band to maintain the same coverage capability. In addition, 30kHz SS SCS will make 8.64MHz SS BW which larger than the minimum CBW 5MHz.

Proposal 1: In LTE refarming band, it is proposed to reuse LTE channel raster 100kHz as NR synchronization signal raster.
Fs =100kHz*n +Flow
Proposal 2: In LTE refarming band, it is proposed to define the NR channel frequency related to synchronization signal frequency:

· For channel bandwidth 5MHz~20MHz, 0 Hz offset is applied to keep one synchronization signal block in the channel;
Fc =Fs =100kHz*n +Flow
· For new channel bandwidth larger than 20MHz with more than one SS block, channel frequency should be adjusted to accommodate multiple subcarriers between SS frequency and channel frequency.
Fc =Fs+SCS*m=100kHz*n +Flow+15kHz*m
Proposal 3: It is also proposed to reuse LTE subcarrier spacing 15kHz for NR synchronization signal subcarrier spacing in LTE refarming band.

2.3 NR-only band in Sub-6GHz
For NR-only band in sub-6GHz like 4.2GHz~4.99GHz, as the frequency range is very large, it is possible to down-select the channel bandwidth. For example, the minimum bandwidth is set to be 20MHz [8]. Also because there is no LTE/UMTS/GSM legacy system to co-exist, the SS raster can be designed without any restriction. In that case, both SS raster and channel frequency can be designed to be multiple of subcarrier spacing to facilitate the initial cell search, the extension of the channel bandwidth and flexible channel bandwidth.
Regarding the synchronization signal subcarrier spacing, it is also proposed to reuse LTE subcarrier spacing 15kHz for NR-only band in sub-6GHz in order to provide the basic coverage for NR. Then the SS bandwidth can be obtained:

SS BW=15kHz * 288 =4.32MHz
· 288 is the PBCH BW so it is the SS block BW for NR [1] (this needs further alignment with RAN1 decision);
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Figure 2 SS raster and minimum CBW
In order to accommodate at least one complete SS block in a channel bandwidth, following conditions need to be met according to above figure:

CBWMIN≥SS raster + SS BW/2 + SS BW/2
=>            SS raster≤20MHz -4.32MHz =15.68MHz
Considering the PRB allocation, the frequency distance between two SS edges should accommodate multiple of PRBs which need to consider the maximum SCS in that band.

SS raster - SS BW/2 - SS BW/2= n*BWRB,SCS_max
=>           Maximum SS raster = 4.32MHz + 60kHz*12*15 =15.12MHz
To best accommodate the channel within the allocated spectrum, 120kHz channel raster is proposed for sub-6GHz. However, we are open on it and it can be adjusted according to the spectrum allocation granularity.

Proposal 4: For NR-only band, both SS raster and channel frequency can be designed to be multiple of subcarrier spacing.
Proposal 5: For NR-only band in sub-6GHz, it is proposed to use 
· 15kHz synchronization signal subcarrier spacing;
· 15.12MHz SS raster (assuming minimum CBW is 20MHz);
2.4 NR-only band in above 6GHz

NR-only band for above 6GHz should hold the same principle as NR-only band for below 6GHz, only the values for SCS and raster becomes larger to match the higher frequency and wider frequency range. 
120kHz subcarrier spacing is proposed to be used for synchronization signal subcarrier spacing in above 6GHz because SS should provide the basic coverage. In addition, 240kHz SS SCS will make 69.12MHz SS BW which lager than the minimum CBW 50MHz. Then the SS bandwidth can be obtained:

SS BW=120kHz * 288 =34.56MHz
CBWMIN≥SS raster + SS BW/2 + SS BW/2

=>              SS raster≤ 50MHz -34.56MHz =15.44MHz

SS raster = n*BWRB,SCS_max 

=>             Maximum SS raster = 120kHz*12*10 =14.4MHz

To best accommodate the channel within the allocated spectrum, 1200kHz channel raster is proposed for sub-6GHz. However, we are open on it and it can be adjusted according to the spectrum allocation granularity.
Proposal 6: For NR-only band in above 6GHz, it is proposed to use 
· 120kHz synchronization signal subcarrier spacing;

· 14.4MHz SS raster;
3 Conclusion
This contribution discusses synchronization signal frequency raster, synchronization signal subcarrier spacing as well as channel frequency for NR and make some proposals as:
Proposal 1: In LTE refarming band, it is proposed to reuse LTE channel raster 100kHz as NR synchronization signal raster.
Fs =100kHz*n +Flow
Proposal 2: In LTE refarming band, it is proposed to define the NR channel frequency related to synchronization signal frequency:

· For channel bandwidth 5MHz~20MHz, 0 Hz offset is applied to keep one synchronization signal block in the channel;

Fc =Fs =100kHz*n +Flow
· For new channel bandwidth larger than 20MHz with more than one SS block, channel frequency should be adjusted to accommodate multiple subcarriers between SS frequency and channel frequency.

Fc =Fs+SCS*m=100kHz*n +Flow+15kHz*m

Proposal 3: It is also proposed to reuse LTE subcarrier spacing 15kHz for NR synchronization signal subcarrier spacing in LTE refarming band.
Proposal 4: For NR-only band, both SS raster and channel frequency can be designed to be multiple of subcarrier spacing.
Proposal 5: For NR-only band in sub-6GHz, it is proposed to use 

· 15kHz synchronization signal subcarrier spacing;

· 15.12MHz SS raster (assuming minimum CBW is 20MHz);

Proposal 6: For NR-only band in above 6GHz, it is proposed to use 
· 120kHz synchronization signal subcarrier spacing;

· 14.4MHz SS raster;
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