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Introduction
At the RAN1#85 meeting, the following agreements were made for numerology for downlink synchronization signal in NR [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 this contribution, we share our views on numerology for DL synchronization signal.
Discussions
[bookmark: OLE_LINK1]Comparison of alternatives
In the last meeting, three alternatives were discussed.
· Alt. 1: Subcarrier spacing is predefined in the specification for a given frequency range
· Alt. 2: Subcarrier spacing is selected by NR BS
· Alt. 3: Single subcarrier spacing is predefined in the specification for all frequency ranges
Figure 1 shows an example of Alt. 1. 
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Figure 1. An example of Alt. 1.



In this figure, 15 kHz subcarrier spacing is used within frequency range in below 6 GHz and 60 kHz subcarrier spacing is used in above 6 GHz. In Alt. 1, because subcarrier spacing is predefined in the specification for a given frequency range, a UE can search synchronization signal by a predefined subcarrier spacing according to frequency band/range. This alternative means that one candidate on subcarrier spacing is used for cell search in a given frequency range and the UE does not need to blindly detect subcarrier spacing of synchronization signal(s).
Figure 2 shows an example of Alt. 2. This alternative 
	[image: ]
Figure 2. An example of Alt. 2.



In this figure, each base station can select 60 kHz or 120 kHz as a subcarrier spacing of synchronization signal(s) in above 6 GHz. This alternative means that one subcarrier spacing among candidates of supportable subcarrier spacing is selected by the base station for flexibility of NR operation. However, in this case, a UE should blindly detect applied subcarrier spacing from transmitted synchronization signal(s) including supported subcarrier spacing family. Therefore, if Alt. 2 is supported, the number of candidates of subcarrier spacing should be limited to 2 or 3 to reduce complexity.
Figure 3 shows an example of Alt. 3. 

	[image: ]
Figure 3. An example of Alt. 3.



In this figure, only 15 kHz subcarrier spacing is applied to synchronization signal(s) as an example. This alternative is the simplest solution and a UE can only search synchronization range with one subcarrier spacing in any frequency band/range. However, generally, wider subcarrier spacing is required to cope with frequency jitter in higher frequency range such as above 6 GHz. Therefore, this solution cannot be realistic. Therefore, 

Proposal 1: 
· Alt. 1 or Alt. 2 should be studied for numerology for DL synchronization signal
· If Alt. 2 is applied, the number of candidates of subcarrier spacings should be limited to reduce complexity

Numerology of subcarrier spacing of synchronization signal
At RAN1#85 meeting, the following agreement was made:
	Agreements:
· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study
· multiple frequency/time portions using different numerologies share a synchronization signal
· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal



Moreover, reference subcarrier spacing will be defined for NR study as the following agreements in the last meeting:
	Agreements:
· Subframe duration in ms for a reference numerology with subcarrier spacing (2m*15)kHz is exactly 1/2m ms



These agreements imply that a time unit with a reference subcarrier spacing is the minimum set for time alignment in a given NR carrier in a certain frequency range. Therefore, RAN1 should discuss relationship between a reference subcarrier spacing and subcarrier spacing of synchronization signal(s)

Proposal 2: 
· RAN1 should discuss relationship between reference numerology for frame structure and subcarrier spacing of synchronization signal(s)

Conclusion
In this contribution, we have the following proposals:
Proposal 1: 
· Alt. 1 or Alt. 2 should be considered for numerology for DL synchronization signal
· If Alt. 2 is applied, the number of candidates of subcarrier spacings should be limited to reduce complexity in blind detection
Proposal 2: 
· RAN1 should discuss relationship between reference numerology for frame structure and subcarrier spacing of synchronization signal(s)
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