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1 Introduction
In RAN1#86, the following agreement was made regarding the subcarrier spacing for synchronization signals [1].
Agreements:
· 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 addition, in RAN1#86bis, the following agreement was made regarding the design of synchronization signals [2].
Agreements:
· At least one subcarrier spacing for each synchronization signal (e.g. NR PSS,SSS, PBCH) is predefined in the specification for a given frequency range
· FFS: Subcarrier spacings for NR PSS, SSS and PBCH can be same or different.
· Note that there are more than one frequency ranges
· FFS: for the case when the frequency ranges are overlapped.

· FFS: whether or not to define a single numerology or multiple numerology for frequency range

· RAN1 should study the number of subcarrier spacings in a given frequency range and strive for minimizing the number of subcarrier spacings

This contribution discusses the remaining FFS points regarding the subcarrier spacing value of synchronization signals based on the agreement in RAN1#86bis. 
2 Subcarrier spacing value for initial access
Whether subcarrier spacing values for NR-PSS, NR-SSS and NR-PBCH are same or different.

In RAN1#86bis, it was agreed that at least one subcarrier spacing for each synchronization signal (e.g. NR-PSS, NR-SSS, and NR-PBCH) is predefined in the specification for a given frequency range. However, there are still remaining issues in that agreement. The first issue is whether subcarrier spacing values for NR-PSS, NR-SSS and NR-PBCH are the same or not. Basically, it is well known that larger subcarrier spacing values for synchronization signals is beneficial from the perspective of the impact from frequency offset and Doppler spread, since OFDM symbol length should be relatively shorter than the phase changes by frequency offset and Doppler spread. On the other hand, smaller subcarrier spacing is preferred in the deployment scenario where channel delay spread is relatively large. For smaller subcarrier spacing value, CP length of NR-PSS, NR-SSS can be longer than channel delay spread. Therefore, the desirable subcarrier spacing value for NR-PSS, NR-SSS and NR-PBCH highly depends on which deployment scenarios will be used and how bit the carrier frequency offset and Doppler spread are. In that sense, there is no motivation to have different subcarrier spacing values for NR-PSS, NR-SSS and NR-PBCH. Therefore, it is proposed that same subcarrier spacing value be used for NR-PSS, NR-SSS and NR-PBCH in NR. 

Proposal 1: It is proposed that same subcarrier spacing value be used for NR-PSS, NR-SSS and NR-PBCH in NR.
Whether to define a single numerology or multiple numerologies for synchronization signals for frequency range

The key advantage of single subcarrier spacing value is that it is beneficial in terms of UE complexity in synchronization procedure since additional blind detections on subcarrier spacing values can be avoided on UE side. 
However, the downside of single subcarrier spacing value for synchronization signals takes place in gNB if it is required to implement subcarrier spacing that is different from the predefined subcarrier spacing for synchronization signals, e.g., highway environments where high speed vehicles are dominant. It would incur some additional complexity in gNB/TRP side by supporting both subcarrier spacing values. In this scenario, gNB/TRP requires additional implementation complexity in the form of separate IFFT processing. In addition, filtering is necessary to suppress interference due to the use of different subcarrier spacing values for synchronization signals and data, which is not required for the scenario where only a single subcarrier spacing is used for all transmissions in gNB.
In case that multiple subcarrier spacing values are supported in a frequency range, it can give gNB flexibility to determine which subcarrier spacing should be used for synchronization signal depending on its deployment scenario, frequency band, target services, and resource utilization strategy. If gNB wants to avoid FDM of different subcarrier spacing values in a carrier bandwidth, it can select same subcarrier spacing values for both data and synchronization signals regardless of the carrier frequency. If gNB operates on higher frequency band, larger subcarrier spacing values can be selected for synchronization signal considering the impact of frequency offset and Doppler spread. 

The main drawback of multiple subcarrier spacing values is UE complexity increase due to blind detection on the subcarrier spacing values for synchronization signals. However, we believe that regarding the blind detection the specification could be designed to control the complexity and performance issues. Instead of making all subcarrier spacings applicable for any carrier frequency range, RAN1 could introduce some restrictions. For example, for below 6 GHz, the candidate values for subcarrier spacing of synchronization channels would be limited to 15 kHz, 30 kHz, and 60 kHz. On the other hand, for above 6 GHz, the candidate values for subcarrier spacing of synchronization channels would be limited to 60 kHz, 120 kHz, and 240 kHz. One thing to emphasize is that although the blind detection of subcarrier spacing of synchronization channels is a new thing, it is quite similar to the blind detection of CP duration when an UE is searching for synchronization signals in LTE. Therefore, it is proposed that the subcarrier spacing values targeted for the data transmission in a given frequency range are used for subcarrier spacing for synchronization signals. 

Observation 1: Drawback of single subcarrier spacing is it can increase gNB complexity and it can hinder gNB flexibility to determine subcarrier spacing value to provide optimal synchronization performance. 

Observation 2: Drawback of multiple subcarrier spacing is the UE complexity in synchronization. 
Proposal 2: The subcarrier spacing values targeted for the data transmission in a given frequency range are used for subcarrier spacing for synchronization signals.
3 Conclusion

This contribution discussed remaining issues on subcarrier spacing values for synchronization signals and made following observations.
Observation 1: Drawback of single subcarrier spacing is it can increase gNB complexity and it can hinder gNB flexibility to determine subcarrier spacing value to provide optimal synchronization performance. 

Observation 2: Drawback of multiple subcarrier spacing is the UE complexity in synchronization. 
Also, based on the observations, following was proposed. 
Proposal 1: It is proposed that same subcarrier spacing value be used for NR-PSS, NR-SSS and NR-PBCH in NR.
Proposal 2: The subcarrier spacing values targeted for the data transmission in a given frequency range are used for subcarrier spacing for synchronization signals.
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