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Introduction
On RAN1#86bis meeting [1], the following agreements were made.
Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’
· FFS: details how to compose PSS, SSS and/or PBCH
· Multiplexing other signals are not precluded within a ‘SS block’
· One or multiple ‘SS block(s)’ compose an ‘SS burst’
· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)
· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’
· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set
· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.
Agreements:
· From RAN1 specification perspective, NR air interface defines at least one periodicity of SS burst set
· FFS: whether or not to define common periodicity range for SS burst set across NR carriers
· Values of the periodicities of SS burst set is for further study
· E.g., 5ms, 40ms, 100ms
· The lowest value of the periodicity of SS burst set is X ms, e.g., 5ms, 40ms, 80ms 
· Note: Interval of SS burst can be the same as interval of SS burst set in some cases, e.g., single beam operation
· Note: the main bullet can be applied to PSS, SSS and/or PBCH
· FFS: networks is allowed to transmit SS burst set at least at the defined periodicities
· FFS: UE is allowed or informed to adapt acquisition procedure based on periodicities of SS burst set
· FFS: For example, if multiple periodicities of SS burst set are defined for initial blind acquisition, UE assumes X ms of an NR carrier as periodicity of SS burst set for dwell time on a freq
In addition, the following working assumption was made.
Working assumption:
· Wider transmission bandwidth for NR-PSS/SSS and/or PBCH than that for LTE-PSS/SSS/PBCH is supported at least for a subcarrier spacing larger than 15kHz
· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [5 or 20] MHz
· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz
In this contribution, we discuss the design of downlink synchronization signal (SS) except for the aspect of subcarrier spacing. Our views for subcarrier spacing are provided in [2].

Discussion
Periodicity
In RAN1#86bis meeting [1], it was agreed that NR air interface defines at least one periodicity of SS burst set. We consider the necessity for multiple periodicities of SS burst set. Only one predefined periodicity of SS burst set could make UE implementation simple. On the other hand, by defining multiple periodicities of SS burst set, network can configure resources of SS depending on traffic density, mobility, beam operation type, and so on.. For example, quick frame sync acquisition is required to accommodate high speed UEs, so that SS should be transmitted with a short periodicity. In another example, for operation above 6 GHz, beam sweeping for analog or hybrid beamforming is considered to be applied for the transmission of SS. However, system overhead is increased by using beam sweeping since it is difficult to use remaining frequency resources which are not used for SS transmission as UE dedicated resource [3]. By applying long periodicity of SS burst set, system overhead caused by beam sweeping could be reduced. Therefore, defining multiple periodicities of SS burst set is beneficial.
Considering initial access latency and UE power consumption, short periodicity is suitable in case of initial access. On the other hand, as mentioned in [4], since network could provide assistance information on frequency and timing, UE can search SS with long periodicity and maintain low power consumption in case of neighbor cell search.
Moreover, in addition to periodic transmission of SS burst set, opportunistic transmission of SS burst set should be studied in order to realize more efficient on/off mechanism. One example of opportunistic transmission is uplink triggered synchronization signal transmission [5]. A TRP which stops transmitting DL can start SS transmission after detecting a high level of uplink signal power. It can minimize downlink inter-TRP interference and TRP power consumption because SS is transmitted only when UE demands DL synchronization.
Proposal 1: NR air interface should define multiple periodicities of SS burst set
· UE assumes short periodicity of SS burst set in the case of initial access
· UE is informed from network to adapt acquisition procedure based on periodicities of SS burst set in the case of neighbor cell search.
Proposal 2: Opportunistic transmission of SS burst set should be studied in addition to periodic transmission

Frequency location
In previous RAN1 meeting, frequency location of SS was discussed in [6]. Although SS is located at the center of the component carrier in LTE, it often causes backward compatibility issues because SS is considered as an always-on signal. For forward compatibility reasons, NR should not use such restrictions of SS resources. SS design should allow flexibility in multiplexing different numerologies. Since the UE scans the SS on a raster, restricting the SS to the given 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 the carrier bandwidth.
Proposal 3: A UE should not assume a fixed frequency separation between the frequency location of synchronization signal(s) and the center of NR carrier bandwidth.

Channel raster
In previous RAN1 meeting, channel raster was discussed in [6]. In LTE, it is defined that the channel raster is 100 kHz for all bands. The UE searches SS located on the channel raster. Since LTE supports operating bands below 6 GHz, complexity of cell search is still acceptable. However, NR is able to support spectrum bands ranging up to 100 GHz. Thus, the complexity of cell search will be drastically increased if NR UE assumes the same channel raster as LTE. Therefore, it is reasonable that frequency location of NR SS is sparser than the channel raster to minimise complexity of cell search. 
Proposal 4: The candidate frequency locations of synchronization signal(s) are sparser than the possible frequency locations of the center of NR carrier bandwidth

Transmission bandwidth
In LTE, SS is transmitted within 6 PRB in order to support flexibly system bandwidth from 1.4 MHz to 20 MHz. NR supports up to at least 80 MHz bandwidth and it was agreed in RAN1#86 meeting [7] that 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. This agreement implies that there is the possibility of multiple transmission bandwidths within a carrier. From the UE perspective, transmission bandwidth of SS for a given frequency range and for a given numerology can be considered as the following two options:
· Option 1: UE assumes that SS with one bandwidth is transmitted irrespective of the carrier 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. Option 2 could be optimized for operating bandwidth. In general, by applying wider SS bandwidth, good performance can be achieved for timing detection. However, drawback of option 2 is that misdetection of SS is increased due to blind detection of multiple bandwidth candidates. Moreover, monitoring SS in wideband tends to increase UE power consumption. Considering UE complexity reduction, UE power consumption reduction, and quicker system connection, we support option 1 for a given frequency range and a given numerology. Multiple transmission bandwidths of SS can be considered among different frequency ranges, different numerologies, and different use case, e.g. SS bandwidth for eMBB and for mMTC should be different.
Proposal 5: UE should assume there is single transmission bandwidth containing synchronization signal and broadcast channel for a given frequency range and a given numerology

Conclusion
In this contribution, we considered the synchronization signal design for NR and proposed as follows:
Proposal 1: NR air interface should define multiple periodicities of SS burst set
· UE assumes short periodicity of SS burst set in the case of initial access
· UE is informed from network to adapt acquisition procedure based on periodicities of SS burst set in the case of neighbor cell search.
Proposal 2: Opportunistic transmission of SS burst set should be studied in addition to periodic transmission
Proposal 3: A UE should not assume a fixed frequency separation between the frequency location of synchronization signal(s) and the center of NR carrier bandwidth
Proposal 4: The candidate frequency locations of synchronization signal(s) are sparser than the possible frequency locations of the center of NR carrier bandwidth
Proposal 5: UE should assume there is single transmission bandwidth containing synchronization signal and broadcast channel for a given frequency range and a given numerology
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