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Introduction
At the RAN1#86bis meeting, the following agreements were made for numerology for downlink synchronization signal in NR [1].
	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


Moreover, the following agreements were also made for NR-PSS, SSS, and PBCH
	Agreements:
· NR defines at least two types of synchronization signals
· NR-PSS at least for initial symbol boundary synchronization to the NR cell
· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing
· NR-SSS for detection of NR cell ID or at least part of NR cell ID
· Number of NR cell IDs is targeted to be at least 504
· FFS: larger than that in LTE
· FFS number of NR cell IDs
· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS FDM or TDM
· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index
· NR defines at least one broadcast channel: NR-PBCH
· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS: Unlicensed spectrum case
· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing
· Following broadcasting schemes to carry essential system information can be considered
· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information
· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1
· Option 3: NR-PBCH carries all essential system information for initial access
· Other options are not precluded


In this contribution, we share our views on FFS parts for DL synchronization signal.
Discussions
[bookmark: OLE_LINK1]Subcarrier spacing for NR PSS, NR-SSS, and NR-PBCH
In the last meeting, agreed functionalities are as follows:
· NR-PSS: Initial symbol boundary synchronization
· NR-SSS: Detection of NR cell ID or at least part of NR cell ID
· NR-PBCH: Broadcast channel on which broadcast information is carried
The discussion point is whether subcarrier spacings of NR-PSS/NR-SSS and NR-PBCH are same or not. As agreed in the last meeting, NR-PBCH carries the minimum or all essential system information. In this case, if the different subcarrier spacing is applied to NR-PBCH, blind decoding is needed for demodulation because a UE cannot know the subcarrier spacing of the NR-PBCH. Therefore, we don’t see any reason why the subcarrier spacing is different between NR-PSS/NR-SSS and NR-PBCH.
Proposal 1: 
· It is preferred that subcarrier spacing of NR-PSS, NR-SSS, and NR-PBCH should be the same.

The number of subcarrier spacings of each frequency range
In the last meeting, single subcarrier spacing or multiple subcarrier spacings of each frequency range were discussed. In the case of single subcarrier spacing, a UE does not need to blindly detect synchronization signal on a given frequency range. The synchronization can be performed by the minimum UE complexity.
On the other hand, multiple subcarrier spacings conduct blind detection of subcarrier spacing and increase UE complexity. However, this has advantages of flexibility at gNB side, forward compatibility, and synchronization performance in high mobility case. In NR, forward compatibility and higher mobility such as 500 km/h are important requirements. 
Considering the UE complexity, the limited number of subcarrier spacings are preferred and we believe that the number of subcarrier spacings are two or three.

Proposal 2: 
· It is preferred that two or three subcarrier spacings are sufficient in a given frequency range
· Exact number of subcarrier spacings should be determined considering the tradeoff between the flexibility/forward compatibility and UE complexity
· FFS: the number of subcarrier spacings can be different between frequency ranges

Consideration of the case when the frequency ranges are overlapped
Figure 1 shows an example of overlapped range when three frequency ranges are defined to determine subcarrier spacing(s).
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Figure 1. An example of overlapped range in case of three frequency ranges


As shown in this figure, overlapped range may require to support all the subcarrier spacings supported by neighbouring two frequency ranges. In this case, the following two approaches can be considered:
1. gNB can select only one subcarrier spacing
2. gNB should transmit both SS signals of one subcarrier spacing of the first frequency range and one subcarrier spacing of the second frequency range
[bookmark: _GoBack]However, we assume that scenario and use case in the overlapped range is unclear, and we need to discuss this case more.

Proposal 3:
· RAN1 should clarify the scenario in overlapped range


Conclusion
In this contribution, we have the following proposals:
Proposal 1: 
· Subcarrier spacing of NR-PSS, NR-SSS, and NR-PBCH should be the same.
Proposal 2: 
· It is preferred that two or three subcarrier spacings are sufficient in a given frequency range
· Exact number of subcarrier spacings should be determined considering the tradeoff between the flexibility/forward compatibility and UE complexity
· FFS: the number of subcarrier spacings can be different between frequency ranges
Proposal 3:
· RAN1 should clarify the scenario in overlapped range
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