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In RAN1#86b meeting [1], the synchronization signal for NR initial access was discussed. The following agreements were made.
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
In this contribution, we provide our view on the sub-carrier spacing of the synchronization signal where multiple numerologies are deployed in the NR system.
Discussion
A NR carrier shall support multiple numerologies to cope with various use cases and deployment scenarios (e.g. eMBB, URLLC, and mMTC). As one aspect on the flexibility in numerology selection, we consider that the gNB should not be required to use one specific predefined sub-carrier spacing (SCS) for a given frequency range dedicatedly for synchronization signal (SS) purpose. Instead, we consider a flexibility on the SCS selection. It will allow for better system design if the subcarrier spacing of NR synchronization signal can be selected from those supported SCSs for the given frequency band, to avoid support of additional dedicated subcarrier spacing. In some scenario, a gNB can be configured to use a sub-set of supported sub-carrier spacings and it may not include the default sub-carrier spacing. Defining a dedicated sub-carrier spacing for synchronization signal can be an extra effort and waste of the resources. Moreover, finding one optimum predefined single subcarrier spacing covering all frequency range and all services/deployment scenarios may not be possible [2].
Observation 1: Flexibility of synchronization signal (SS) sub-carrier spacing selection at gNB side is beneficial for system implementation.
 However, with a flexibility of sub-carrier spacing of the SS, the sub-carrier spacing for the SS must be identified at the UE side as part of the UE synchronization process. Regarding the UE synchronization process, it can be assumed a NR UE may have a larger processing capability than the existing legacy LTE UE, particularly UE:s for certain NR services such as eMBB. It has also been pointed out in [3], although the blind detection of subcarrier spacing of synchronization channels is a new thing, it is quite similar to the blind detection of CP duration when an UE is searching for synchronization signals in LTE. Another effort to simplify the UE implementation for supporting more than one sub-carrier spacings for synchronization signal is presented in [4] which describe a common receiver structure regardless of numerologies for synchronization signal.
It means relatively higher NR UE complexity for the synchronization process compared to LTE UE can be acceptable for UEs supporting some use-cases/scenarios, particularly eMBB case. 
Observation 2: Multiple subcarrier spacing alternatives could be reasonable from UE complexity perspective, at least for certain use cases/scenarios.
Hence, we consider that there is no absolute requirement for defining only one subcarrier spacing per frequency range. However, according to one of the agreements in RAN1#87 [1], we strive to minimize the number of candidate sub-carrier spacings in a given frequency range. This aspect was also considered in [3], highlighting that with respect to UE blind detection of synchronization signal the specification could be designed to control the complexity and performance issues. Instead of making all subcarrier spacings applicable for any carrier frequency range, RAN1 could introduce some restrictions. For example, for below 6 GHz, the candidate values for subcarrier spacing of synchronization channels would be limited to 15 kHz, 30 kHz, and 60 kHz. On the other hand, for above 6 GHz, the candidate values for subcarrier spacing of synchronization channels would be limited to 60 kHz, 120 kHz, and 240 kHz. Note, the number of supported sub-carriers for a given frequency band is a general issue (e.g. NR numerology) which may affect many NR aspects including synchronization signal design.
Considering both the observation on benefit of multiple subcarrier spacing options for system design flexibility and the above aspects of UE complexity we also propose that there should be a mapping between the used frequency band and a set of possible sub-carrier spacings that are allowed to be used for the synchronization signal.
Proposal 1: NR supports multiple subcarrier spacing options for synchronization signal for a given frequency range.
Proposal 2: There should be a mapping between the used frequency band and a set of possible sub-carrier spacings that are allowed to be used for the synchronization signal.
In order to further reduce the UE effort to locate the SS, a prioritization method of sub-carrier spacings for the SS can be defined. This prioritization also provide a guidance for the gNB. In case the gNB supports multiple sub-carrier spacings, the synchronization signal can be in one of the configured sub-carrier spacings. The prioritization can be defined based on some pre-defined rules, for example in the order of sub-carrier spacing size. The pre-defined rule could also be designed to address different use cases by determining a default sub-carrier spacing for the sub-carrier spacing with highest prioritization, e.g. for a system which is targeted for low complexity massive MTC deployment.
Proposal 3: In order to minimize the UE effort to identify the SS, a set of prioritizations of sub-carrier spacing for the SS among the mapped sub-carrier spacings per frequency range can be defined.
Conclusions
In this contribution, we discussed the sub-carrier spacing aspect on synchronization signal design for NR and conclude on the following observations and proposals:
Observation 1: Flexibility of synchronization signal (SS) sub-carrier spacing selection at gNB side is beneficial for system implementation.
Observation 2: Multiple subcarrier spacing alternatives could be reasonable from UE complexity perspective, at least for certain use cases/scenarios.
Proposal 1: NR supports multiple subcarrier spacing options for synchronization signal for a given frequency range.
Proposal 2: There should be a mapping between the used frequency band and a set of possible sub-carrier spacings that are allowed to be used for the synchronization signal.
Proposal 3: In order to minimize the UE effort to identify the SS, a set of prioritizations of sub-carrier spacing for the SS among the mapped sub-carrier spacings per frequency range can be defined.
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