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Introduction
In RAN1#86 meeting [1], the following agreements were made.
Agreements:
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access
· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering
· Single beam based and multi-beam based deployments
· TDD and FDD operations
· Different/mixed numerologies
· Standalone and non-standalone operations
· Licensed band and unlicensed band operations
· FFS: mMTC use case
· RAN1 should take at least following requirements into account to design initial access
· Providing at least following functionalities
· Detection of NR cell and its ID
· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell
· Providing necessary information for random access
· Providing sufficient number of the identity values to allow deployment flexibility
· FFS: supporting efficient mobility
· FFS: supporting efficient inter-RAT measurement
· Reducing the frequency hypothesis UE needs to search for compared to LTE
· FFS: detecting beam ID(s)
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 discuss the design of downlink synchronization signal (SS) for NR.

Discussion
Time location
In LTE, PSS/SSS are transmitted with a period of 5 subframes. UE can acquire slot, subframe and frame timing, frequency synchronization, and cell ID and CP length identification from receiving the PSS/SSS. One of synchronization requirements on NR is reducing cell search complexity compared to LTE because NR UE should search wider frequency bands including above 6 GHz. For design of NR SS, two options can be considered. Option 1 is aperiodic transmission, e.g. preamble-based signal. Although this allows flexible utilization of resources, UE complexity is extremely high. Option 2 is periodic transmission such as LTE SS. It is easy to maintain DL synchronization since the SS is transmitted periodically. Therefore, NR also should introduce SS with periodic transmission for the purpose of initial cell search and time/frequency synchronization. For connected UE, periodicity of SS can be configurable since configuration regarding SS can be informed from other NR or LTE cell. On the other hand, since idle UE do not have configuration of SS timing from NR BS, the idle UE will attempt SS detection during detection window designed based on predefined SS periodicity. 
Proposal 1: Synchronization signal with periodic transmission should be baseline.
· For the purpose of initial access, periodicity should be predefined 
· Otherwise, periodicity can be configured 

PSS/SSS and DRS in LTE are considered as always-on signals. In Rel-8 LTE, PSS/SSS must be transmitted with a period of 5msec. Even in Rel-12 LTE, DRS has to be transmitted with a period of 40, 80, or 160 msec. In NR, in order to achieve high system capacity requirement, ultra-dense TRP deployment is considered. In such deployments, always-on signal transmission may produce inter-TRP interference that becomes a bottleneck for energy efficiency of TRP. Therefore, we can consider on NR that TRP is able to completely stop all DL transmissions including SS.
Observation 1: Switching off DL synchronization signal transmission could be useful in terms of inter-TRP interference and energy efficiency of TRP.

There is a problem regarding how NR UE connects to a TRP which doesn’t transmit SS periodically. In the case that serving cell and targeting cell are absolutely synchronized and are quasi-co-located, the UE can connect to the target cell without SS by assuming that timing of the serving cell and timing of target cell are the same. On the other hand, SS transmission is needed to access other unsynchronized TRPs. One of solutions is SS transmission triggered by uplink transmission from UE. TRP which stops transmitting DL can start SS transmission after uplink signal power is strongly received. It can minimize downlink inter-TRP interference and TRP power consumption because SS is transmitted only when UE demands DL synchronization.
Proposal 2: Uplink triggered synchronization signal transmission procedure should be studied on NR

Transmission bandwidth
Transmission bandwidth of SS can be considered as the following two options:
· Option 1: UE assumes that SS with one bandwidth is transmitted irrespective of the system bandwidth
· Option 2: UE assumes that one of a multiple SSs with different bandwidths can be transmitted.
Option 1 is superior in terms of UE complexity since UE attempts SS detection assuming only one bandwidth. In option 2, if SS transmitted over the whole system bandwidth, UE can implicitly know system bandwidth by detecting the bandwidth of SS. However, drawback of option 2 is that misdetection of SS is increased due to blind detection of multiple bandwidth candidates. Considering UE complexity reduction and quicker system connection, we support option 1 for a given frequency range and a given numerology. Among multiple frequency ranges and among multiple numerologies, multiple transmission bandwidths of SS can be considered.
Proposal 3: UE should assume there is only one synchronization signal bandwidth for a given frequency range and a given numerology

Frequency location
[bookmark: _GoBack]Although SS is located at the center of the component carrier in LTE, it often causes backward compatibility issues. For forward compatibility reasons, NR should not use such restriction of SS resources. Such SS design can provide more flexibly multiplexing different numerologies. Since UE scans SS on a raster, restriction that SS is located at raster is enough. The UE can get information regarding the relative position between the center of carrier and the detected SS location by system information along with information of system bandwidth. It is noted that SSs from neighbouring cells should be located at the same frequency. If SSs are located at different frequencies, the UE has to scan SS from neighbour cell in frequency domain. From the perspective of UE complexity, SS in the same NR carrier should be located at the same frequency location.
Proposal 4: It is not necessary that synchronization signal must be located at the center of the NR carrier
· UE assumes that synchronization signals from neighbour cells are at the same frequency location in the case that the serving cell and neighbour cells are in the intra-frequency.

Conclusion
In this contribution, we considered the synchronization signal design for NR and proposed as follows:
Proposal 1: Synchronization signal with periodic transmission should be baseline.
· For the purpose of initial access, periodicity should be predefined 
· Otherwise, periodicity can be configured 
Observation 1: Switching off DL synchronization signal transmission could be useful in terms of inter-TRP interference and energy efficiency of TRP.
Proposal 2: Uplink triggered synchronization signal transmission procedure should be studied on NR
Proposal 3: UE should assume there is only one synchronization signal bandwidth for a given frequency range and a given numerology
Proposal 4: It is not necessary that synchronization signal must be located at the center of the NR carrier
· UE assumes that synchronization signals from neighbour cells are at the same frequency location in the case that the serving cell and neighbour cells are in the intra-frequency.
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