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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
This contribution discusses about numerology for NR synchronization signals. The following related agreements were reached in RAN1#86bis [3]: 
	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



2	Discussion
In general, subcarrier spacing needs to be increased as a function of carrier frequency due to: 
· Effect of oscillator phase noise increases quadratically with carrier frequency
· Maximum Doppler frequency increases linearly with carrier frequency 
· Beamforming, especially beam sweeping of common channels, at higher carrier frequencies requires short symbols in order to keep overhead low
· Available spectrum and channel bandwidth increases with carrier frequency. Higher subcarrier spacing supports increased channel bandwidth with reasonable (I)FFT implementation complexity.

Table 1 below illustrates exemplary physical layer parameters for below 6 GHz and 6-40 GHz carrier frequency ranges to align with above characteristics and requirements. As different sub-carrier spacing’s imply different timing accuracy requirements (due to anticipated difference in CP length), the synchronisation channel bandwidth would need to be scale accordingly.
 
Table 1 Sync channel requirements.
	Carrier frequency range
	< 6 GHz
	6-40 GHz

	SCS set [kHz]
	15
	60
	60
	240

	CP [us] [NCP/ECP]
	4.69
	N/A
	1.17
	4.69
	1.17
	N/A
	0.29
	1.17

	Required synch signal bandwidth [MHz] to reach CP/4 timing accuracy
	1
	4
	4
	16



Observation: Synchronization signal bandwidth requirements are different in different carrier frequency ranges. Required bandwidth scale with CP size reduction (4x when going from <6 GHz to 6-40 GHz) and SCS increase. 
To have more than one subcarrier spacing option for synch signal in a carrier frequency range, the main justification would appear to be to enable uses of different kind of deployments (within same frequency range). For example it could be considered that indoor cell deployed at below 6 GHz band would only operate using 60 kHz sub-carrier spacing and providing initial access signals e.g. using 15 kHz would not allow pure 60 kHz operation. On the other hand, having multiple possible numerologies within a certain frequency band range would increase UE’s the initial cell search complexity as different synch signals should be searched in initial search and in continuously happening cell search if UE doesn’t have a priori information. However, for the initial cell search, the pre-configuration at the UE may not be always applicable like in roaming case. 
Observation: Pre-configuration of synchronization signal numerology at UE per carrier frequency band could alleviate complexity in cell search in case there are more than one possible SCS in the band. 
Observation: For the initial blind search, like in roaming cases, the pre-configuration at the UE may not be applicable.
It’s assumed that UE would support multiple numerologies within a certain carrier frequency band. Furthermore, the UE is assumed to have a searcher capability for the numerologies supported within the certain carrier frequency band. If there are multiple options for synchronization signal numerology, then it has to be made sure that the UE doesn’t make a wrong decision about the numerology if it doesn’t have any a priori information available about the used numerology for the synchronization signals.  
Observation: It has to be made sure that the UE doesn’t make a wrong decision about the used numerology if there were multiple numerology hypothesis within the band the UE is performing cell search. 
Whether subcarrier spacing for NR PSS, SSS and PBCH is same or different our preference is to have the same numerology for all synchronization signals and PBCH as for primary synchronization signal. That is to make synchronization signals and PBCH transmission and detection simple and to avoid multi-numerology for the SS block signals, i.e. for PSS, SSS and PBCH which are preferably FDM multiplexed to enable e.g. efficient beam sweeping operation.
Proposal: Subcarrier spacing is same for NR synchronization signals and PBCH.
3	Conclusions 
In this contribution numerology options for synchronization signals were discussed. The following observations and proposals are drawn:
Observation: Synchronization signal bandwidth requirements are different in different carrier frequency ranges. Required bandwidth scale with CP size reduction (4x when going from <6 GHz to 6-40 GHz) and SCS increase.
Observation: Pre-configuration of synchronization signal numerology at UE per carrier frequency band could alleviate complexity in cell search in case there are more than one possible SCS in the band. 
Observation: For the initial blind search, like in roaming cases, the pre-configuration at the UE may not be applicable.
Observation: It has to be made sure that the UE doesn’t make a wrong decision about the used numerology if there were multiple numerology hypothesis within the band the UE is performing cell search.
Proposal: Subcarrier spacing is same for NR synchronization signals and PBCH.
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