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1 Introduction
In 3GPP RAN1#86th meeting, the following agreements were made on the design of synchronization signal [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

Agreements:
· At least one transmission bandwidth within a carrier bandwidth can be specified for transmission of  each synchronization signal and at least some essential system information.

· The transmission bandwidth may be specified either differently according to the frequency range or the same across the frequency ranges

· FFS: transmission bandwidths for each synchronization signal and at least some system information are same or not

· FFS: the transmission bandwidth and the corresponding numerology

· FFS: whether the used transmission bandwidth is blindly detected by UE from specified bandwidths according to the frequency bands
In this contribution, we discussed the design aspects on the synchronization signal and present our view.

2 Function of synchronization signal
In LTE system, the UEs could acquire the physical cell ID, CP type, duplex scheme, time domain synchronization and coarse frequency domain synchronization by detecting the PSS/SSS. In 5G NR synchronization signal design, the time/frequency domain synchronization should still be provided so that the UE could further receive the system information and perform the initial access. Meanwhile, the NR cell ID should also be acquired by detecting the synchronization signal. Note that it is possible that the neighboring cells can share the same cell ID as a NR cell could correspond one or multiple TRP(s). This is beneficial from the UE mobility point of view. Further, it is still FFS if the duplex scheme information need to be indicated in the synchronization signal as the design target is to allow the different transmission directions in either part of a paired spectrum [1]. Another aspect is regarding the beamed transmission in order to handle the coverage problem especially in high frequency band. It is beneficial to convey the beam information on the synchronization signal so that the UE could quickly recognize the best receiving beam.
Proposal 1: The beam information could be conveyed in the synchronization signal.
3 Numerology of synchronization signal
Multiple types of service could be multiplexed in a carrier. This will requires the multiplexing of different numerologies. It has been argued to transmit multiple synchronization signals with different numerologies to meet the service requirements. UE could detect a suitable synchronization signal based on the numerology it supported. However, this will introduce unnecessary detection effort for the UEs delayed the access. Thus, only one synchronization signal is needed in a carrier.
Regarding the subcarrier spacing of the synchronization signal, three alternatives have been proposed:
1) Alt 1: Subcarrier spacing is predefined in the specification for a given frequency range
2) Alt 2: Subcarrier spacing is selected by NR BS
3) Alt 3: Single subcarrier spacing is predefined in the specification for all frequency ranges
For alternative 1, the band-specific subcarrier spacing is introduced. UE knows the predefined subcarrier spacing in each frequency range, thus the detection complexity is quite low. However, considering the multiplexing of the synchronization signal and data transmission with different subcarrier spacing, additional eNB implementation complexity is introduced. Meanwhile, alternative 1 is not a band-agnostic scheme.

For alternative 3, single subcarrier spacing is predefined for all 5G NR carriers, UE could use default subcarrier spacing to search for the synchronization signal without performing blind detection. However, it is quite difficult to find a suitable subcarrier spacing value for all carriers with different frequency ranges. Meanwhile, the performance of the synchronization is quite doubtable using a single subcarrier spacing value considering different carrier bandwidth.
For alternative 2, NG eNB could flexibly select a suitable subcarrier spacing based on the operating carrier. Obviously, the UE detection complexity is increased. However, if only a limited set of numerologies is supported, the detection complexity is acceptable. 

Furthermore, a UE has one reference numerology in a given NR carrier which defines the subframe duration for this given carrier. In our understanding, the concept of “subframe” is used for delivering the common information for all the UEs. Thus it is better to introduce a common reference numerology for all the UEs. GNB should be able to flexibly select the common reference numerology on a carrier to accommodate different characteristic of a carrier (e.g, carrier bandwidth, frequency band). The common reference numerology could be informed to the UEs after UE accessing the carrier. However, this might introduce additional signaling overhead. In this sense, the common reference numerology for a carrier could be implicitly informed to the UEs. For example, the reference numerology could be the one that is used for delivering the synchronization signal. 
Proposal 2: Only one synchronization signal is needed in a carrier.
Proposal 3: The subcarrier spacing for the synchronization signal is selected from a limited set by NR BS
Proposal 4: A common reference numerology is defined for all the UEs in a carrier.

Proposal5: The common reference numerology can be used for delivering the synchronization signal in a carrier.

4 Transmission of synchronization signal
In high frequency range, the severe propagation loss has negative impact on the coverage. Several solutions have been proposed to handle the coverage problem such as power boosting, SFN transmission, repetition and beamed transmission. For the beamed transmission of the synchronization signal, it is suggested to carry the beam information on the synchronization signal, this could be realized by the sequence design of the synchronization signal. For example, orthogonal synchronization signals could be delivered in different beams. The mapping between beam IDs and sequence of the synchronization signals could be predefined. UE could recognize the best serving beam by detecting the sequence of the synchronization signal. In addition, the sequence design should enable a unified design for both single beam and multiple beam schemes.
Proposal 6: The sequence design of the synchronization signal should enable a unified design for both single beam and multiple beam schemes

5 Conclusions
In this contribution, we present the discussion on the details of synchronization signal. Based on our analysis, we have the following proposals:
Proposal 1: The beam information could be conveyed in the synchronization signal.
Proposal 2: Only one synchronization signal is needed in a carrier.
Proposal 3: The subcarrier spacing for the synchronization signal is selected from a limited set by NR BS.
Proposal 4: A common reference numerology is defined for all the UEs in a carrier.

Proposal5: The common reference numerology can be used for delivering the synchronization signal in a carrier.

Proposal 6: The sequence design of the synchronization signal should enable a unified design for both single beam and multiple beam schemes
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