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1 Introduction
In previous RAN1#86bis, there was a discussion regarding the proposal that the candidate frequency locations of synchronization signals are sparser than the possible frequency locations of the center of NR carrier bandwidth. The motivation of this proposal is to reduce the frequency hypothesis UE needs to search in initial access compared to LTE. However, for the proposal, it was concluded that further studies are needed considering below aspects. 
· Possible benefits of the sparser candidate frequency locations of synchronization signals 

· Impacts of the sparser candidate frequency locations of synchronization signals 

·   Decoupling between the frequency location of synchronization signals and the center of a NR carrier

·   Whether to allow different frequency locations of synchronization signals between neighbor cells. 

This contribution discusses above aspects in detail.

2 Discussions
LTE synchronization 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 searches synchronization signal (PSS) and secondary synchronization signal (SSS) across the carrier raster. In LTE, carrier raster is 100 kHz, and PSS and SSS are always transmitted in the center of a system bandwidth. Therefore, for each of the possible frequency positions with the carrier raster, a DL 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 procedure within a given dwell time, the UE continues the same behavior in the next possible frequency position according to a given carrier raster.
Benefits of the sparser candidate frequency locations of synchronization signals
If the candidate frequency locations for the synchronization signals become sparser compared to LTE, it means the number of frequency positions UE has to search for NR-PSS and NR-SSS is reduced. This reduced frequency hypothesis can reduce DL acquisition time and UE power consumption. Typically, a UE has to try DL acquisition during dwell time in a candidate frequency location and the dwell time should be sufficiently long to reliably determine the existence of synchronization signals. In that perspective, it is obvious that the sparser sync raster can shorten the DL acquisition time.

Of course, the extent of possible benefit may be dependent on UE implementation. If a UE scans overall candidate frequency locations for NR-PSS/NR-SSS in a brute force manner, the benefit would be maximized. On the other hand, if UE scans rough boundary of possible carrier candidates based on energy detection and then tries to search NR-PSS/NR-SSS within the boundary, the reduction of DL acquisition time might be decreased. However, even though the number of frequency hypothesis for synchronization signals is decreased with this efficient 2-step search process, the UE still has to search NR-PSS/SSS in considerable numbers of candidate frequency locations. For example, if we assume that there is 2 MHz uncertainty even after the UE scans the boundary of possible carrier candidates based on energy detection. If the possible frequency locations of synchronization signals are placed per 100 kHz carrier raster, the UE has to search NR-PSS/SSS in the 20 different frequency locations in the worst case. However, if we assume the possible frequency locations of synchronization signals are placed per 1 MHz, UE only has to search NR-PSS/SSS in the 2 different frequency locations.

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. The raster for synchronization signals can be different per frequency ranges. However, detailed values should be studied further.
Proposal 1: It is proposed that the candidate frequency locations of synchronization signals are sparser than the possible frequency locations of the center frequency of a NR carrier.
Decoupling between the frequency location of synchronization signals and the center of a NR carrier
If the proposal 1 is allowed in NR, it is inevitable for a UE to assume that synchronization signals can be transmitted out of center frequency in a NR carrier bandwidth. In other word, there is decoupling between the frequency location of synchronization signals and the center of a NR carrier. 
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 signaled by PBCH. However, if there is decoupling between the location of synchronization signals and the center of the carrier, the UE is not able to know overall carrier configurations from just system bandwidth information which is indicated to the UE. 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.
If frequency location of synchronization signals is changed semi-statically or dynamically, a UE has to search NR-PSS/SSS in every time instance where synchronization signals are transmitted. In addition, UE cannot accumulate the correlation results of received signal to increase coverage of NR-PSS/SSS detection. Therefore, it should be mandated that UE assumes the same location for synchronization signal after the UE finishes initial access.

Proposal 3: It should be mandated that a UE assumes same frequency location for synchronization signal after the UE finishes initial access.
Frequency locations of synchronizations signals between neighbor cells.
If it is allowed that the frequency locations of synchronization signals are different between neighbor cells, UE complexity of intra-frequency measurements will be increased. A UE has to search all frequency locations of synchronization signals for neighbor cells for intra-frequency measurement. Even though the list of the possible frequency locations of synchronization signals for neighbor cells is signaled, UE complexity is higher compared to the case where same frequency location is used. On the other hand, possible benefit from different frequency locations of synchronization signals between multiple cells is still unclear. Therefore, it is proposed that a UE always assume the same frequency location of the synchronization signal(s) among neighbor cells. With this condition, original intention of UE power saving can be fully achieved. 
Proposal 4: it is proposed that a UE always assumes the same frequency location of the synchronization signal(s) among neighbor cells.
3 Conclusion

This contribution discussed the possible benefits if the candidate frequency locations for NR synchronization signals become sparser compared to LTE. Some conditions for the synchronization signals were also discussed. Finally, this contribution made following proposals.
Proposal 1: It is proposed that the candidate frequency locations of synchronization signals are sparser than the possible frequency locations of the center frequency of a NR carrier.
Proposal 2: Study how to indicate the frequency location of synchronization signals to UEs.
Proposal 3: It should be mandated that a UE assumes same frequency location for synchronization signal after the UE finishes initial access.
Proposal 4: it is proposed that a UE always assumes the same frequency location of the synchronization signal(s) among neighbor cells.
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