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1 Introduction
In previous RAN1#86, there was a discussion regarding the sparser sync raster compared to the carrier raster. Here, the sync raster means that a frequency raster used for transmission of the synchronization signals. The main motivation of sparser sync raster is to reduce the frequency hypothesis UE needs to search in synchronization and cell search compared to LTE. This contribution shares Samsung’s view on this issue.

2 The impact of sparser sync raster
LTE synchronization and cell search procedure

In LTE, when a UE turns on, it tries to measure the received power to identify frequency bands. Once a frequency band is identified, the UE scans across the carrier raster. In LTE, carrier raster is 100 kHz. Since it is specified in LTE that primary synchronization signal (PSS) and secondary synchronization signal (SSS) are always transmitted in the center of a system bandwidth, sync raster should be identical to the carrier raster. Therefore, for each of the possible frequency position with the carrier raster, a downlink acquisition is performed by attempting to detect PSS and SSS for cell ID search. Once a cell ID candidate is detected, the UE verifies the detected cell ID candidate through RSRP measurement and PBCH decoding. If the UE fails to complete the synchronization and cell search procedure within a given processing time, the UE continues the same behavior in the next possible frequency position of the synchronization signal.
DL acquisition time due to sparser sync raster
If the sync raster becomes sparser than the carrier raster in NR, possible candidate frequency locations for the transmission of synchronization signals will be reduced compared to LTE. It means there are reduced number of frequency positions in which an NR UE has to search for nrPSS and nrSSS. 

It is expected that this reduced frequency hypothesis can shorten DL acquisition time considerably. Typically, a UE has to try DL acquisition within a given time duration in a frequency position and the time duration should be sufficiently long to reliably determine the existence of synchronization signals. If the time duration is relatively short, certain UE may not be able to acquire DL synchronization in the frequency position. On the other hand, if the time duration is unnecessarily long, UEs will waste too much time for the synchronization procedure even in the case that there is no nrPSS and nrSSS in the frequency position and DL acquisition time will be increased considerably. In that perspective, it is obvious that the sparser sync raster can shorten the DL acquisition time. In addition, it is beneficial to allow the relaxed UE complexity. In NR, the number of additional blind detection may be needed in the synchronization procedure. For example, it can be considered that subcarrier spacing values for synchronization signals can be blindly detected by a UE [1] and it may increase UE complexity or DL acquisition time. However, with the sparser sync raster, UE complexity or DL acquisition time can be managed reasonably. 

Proposal 1: It is proposed that a sync raster sparser than a carrier raster be allowed in NR.
Indication of frequency location for synchronization signals
In LTE, since PSS, SSS and PBCH are always located in the middle of a system bandwidth, a UE can derive overall carrier configurations (e.g. absolute start and end frequency of the carrier) from the system bandwidth information indicated by PBCH. However, if there is decoupling between the location of synchronization signals and the center of carrier, the UE is not able to know overall carrier configurations with just system bandwidth only from the absolute frequency position of the synchronization signal and system bandwidth information. Therefore, additional information such as relative frequency location of synchronization signals should be indicated to the NR UE so that the UE can derive absolute start and end frequency of the carrier. Therefore, it should be studied how to indicate the frequency location of synchronization signals to UEs. 

Proposal 2: Study how to indicate the frequency location of synchronization signals to UEs.
3 Conclusion

This contribution discussed the possible benefits if a sparser sync raster than a carrier raster is allowed in NR. It was discussed that sparser sync raster can shorten DL acquisition time and reduce UE complexity. Finally, this contribution made following proposals.
Proposal 1: It is proposed that a sync raster sparser than a carrier raster be allowed in NR.
Proposal 2: Study how to indicate the frequency location of synchronization signals to UEs.
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