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Introduction
The agreement on numerology in RAN1 #84bis meeting [1] is as follows:
Agreements:
· For the study of NR, RAN1 assumes that multiple (but not necessarily all) OFDM numerologies can apply to the same frequency range
· Note: RAN1 does not assume to apply very low value of subcarrier spacing to very high carrier frequency

It means that multiple numerology can be used in the same frequency band even in the case that mixed numerology is not considered. When a UE accesses the NR system, the UE does not have any information on the numerology. Therefore, the UE cannot expect which numerology is currently used. If there were completely different synchronization signals which are uniquely associated with the different numerologies, the UE would be required to have all of different synchronization signals implemented, in which case it would require running search algorithms considering all possible cases. It will increase computational complexity and/or cell search time. It will be desired for the UE to enable detecting which numerology is used without having all of different synchronization signal designs. Therefore, the band agnostic design of synchronization signal should be considered.

In addition to the band agnostic numerology specification, the following working assumption and agreement have been made in RAN 1#85 meeting [2].
Working assumptions:
· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology
· RAN1 concludes on scale factors N =2n for subcarrier spacing as the baseline design assumption for the NR numerology
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

[bookmark: _GoBack]The 2n scaling factor and sharing a synchronization signal will be beneficial for the design of band agnostic synchronization signal. In this contribution, we discuss the design of synchronization signal in terms of band agnostic.

Design of Synchronization Signal
In this section, we discuss the design of synchronization signal which does not require knowledge of numerology in advance. For this, the subcarrier mapping of synchronization sequence considering different subcarrier spacing according to different numerologies should be considered.
When the largest subcarrier spacing is used, a set of synchronization sequence maps onto a set of ‘M’ contiguous subcarriers. In case of the second largest subcarrier spacing, the same synchronization sequence maps onto a set of ‘2M’ contiguous subcarriers in such a way that every 2nd one of ‘2M’ subcarriers carries the synchronization sequence and remaining ones of ‘2M’ subcarriers have zero values. If m-th largest subcarrier spacing is used, the same synchronization sequence maps onto a set of ‘mM’ contiguous subcarriers such that every 2m-1th one of ‘mM’ subcarriers carries the synchronization sequence and remaining ones of ‘mM’ subcarriers have zero values. The time domain representation of the synchronization signal will be repeated 2m-1 times as shown in Figure 1.




Figure 1 – Example of subcarrier mapping for design of band agnostic synchronization signal
In Figure 1, each repetition part of time domain signal has same sequence. Therefore, at a receiver side, a UE can correlate the received signal with the same sequence regardless of different numerology (i.e., subcarrier spacing) and detect the number of peaks according to the used numerology as shown in Figure 2. The UE can obtain the knowledge on the currently used numerology based on the number of peaks which are from the correlation result.

[image: ]
Figure 2 – Example of detecting numerology based on correlation result
However, if there are multiple numerologies and the difference between the smallest and largest subcarrier spacing is large, it will be difficult to apply this approach to the band agnostic design. For example, it is assumed that the supporting numerologies are 7.5, 15, 30, 60, 120, 240kHz, and 72 subcarriers (including guard subcarriers) are used for transmission of synchronization signal like LTE. With 240kHz subcarrier spacing, the frequency bandwidth for 72 subcarriers will be 17.28MHz instead of 1.08MHz in LTE. The value is infeasible for common frequency bandwidth for initial access. In order to resolve this issue, one of solution is to separate the multiple numerologies into multiple subset, for example, SET1 (7.5, 15, 30kHz) and SET2 (60, 120, 240kHz) and to apply band agnostic design of synchronization signal within each subset separately.

Proposal: The band agnostic design of synchronization signal should be considered.

Summary
In this contribution, we made the following proposal.
· The band agnostic design of synchronization signal should be considered.
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