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Discussion and Decision
1 Introduction
In RAN1#87, the following agreement and working assumption were made for the raster of NR synchronization signals. 
Agreements:
· The raster for NR synchronization signals can be different per frequency range. At least for frequency ranges where NR supports a wider carrier bandwidth and operation in a wider frequency spectrum (e.g. above 6 GHz), the NR synchronization signals raster can be larger than the 100 kHz raster of LTE. 

· A joint decision should be made on:

· the supported minimum carrier bandwidth for a NR carrier

· the supported bandwidths of synchronization signals for NR

· the frequency raster for synchronization signals for NR

· the frequency raster for the center of NR carrier (if applicable) 
Working assumptions:
· For a NR cell, the center frequency for the synchronization signal can be different from the center frequency of the NR carrier
· FFS: Relationship between the center frequency of the NR carrier and the center frequency of synchronization signals and investigate tradeoff between UE complexity and flexibility
In NR Ad-hoc meeting, the following agreement was made for the raster of NR synchronization signals.
Agreements:
· When the sync bandwidth is smaller than the minimum system bandwidth for a given frequency band, RAN1 strives to make the synchronization signal frequency raster sparser compared to channel raster to reduce UE initial cell selection burden without limiting the NR deployment flexibility 

· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster 

· When the sync bandwidth is the same as the minimum system bandwidth for a given frequency band that UE searches, synchronization signal frequency raster is the same as the channel raster

· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster  

This contribution discusses remaining issues on the sync raster and numerology for synchronization signals in NR.
2 Sync Raster
Search for all the possible SS locations

According to the agreement in the last meeting, the sync frequency raster can be the same as the channel raster when the sync bandwidth is the same as the minimum system bandwidth for a given frequency bands. It was agreed because it is advantageous to facilitate re-farming of UMTS/LTE frequency band for NR in the future. However, it may cause significant UE power consumption and/or latency for the search it is beneficial to a UE if the UE is not required to search for all possible synchronization signal location. . Potential candidates frequency bands applicable for the re-farming are deterministic and likely limited because a minimum bandwidth for NR anyway will be larger than that for UMTS/LTE even in below 6GHz frequency range (e.g. 5MHz). In addition, it is not clear whether and when the frequency is actually re-farmed. Therefore, it is inefficient for the UE to be forced to search for all the possible synchronization signal frequency locations. Therefore, it is desirable that the UE should not be required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster. Note that the details on which synchronization signal frequency locations are not required to search would be up to RAN4 discussions. 

Proposal 1: UE should not be required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster regardless of the size of sync raster.
Decoupling between the frequency location of synchronization signals and the center of an NR carrier
Since a sync raster can be sparser than a carrier raster, it is possible that synchronization signals are not transmitted at the center of an NR carrier bandwidth. In LTE, MIB indicates only a system bandwidth of a carrier. Because locations of synchronization signals and PBCH are fixed at the center of the system bandwidth the system bandwidth is the sufficient for a UE to derive overall configurations of the carrier (e.g. absolute start and end frequency of a carrier). However, if the frequency location of synchronization signals is not fixed at the center of the carrier, the UE may not be able to know where the start and end frequency of the carrier are. In addition, if it is concluded that the impact of DC interference cannot be ignorable in demodulation of downlink channels, the UE needs to puncture QAM symbols transmitted in a DC subcarrier. In this case, the UE needs to know a location of the center frequency. Therefore, additional information such as relative frequency location of synchronization signals from the center frequency should be indicated to the NR UE so that the UE can derive absolute start and end frequency of the carrier. There are two possible approaches to indicate frequency offset between synchronization signals and the center of an NR carrier as follow
· Approach#1: Minimum system information in PBCH indicates the relative frequency offset 
· Approach#2: RMSI (remaining minimum system information) indicates the relative frequency offset 
Each of above two approaches has pros and cons, and is highly related to design aspects of the transmission of minimum system information. Therefore, it should be carefully studied how to indicate the frequency offset between synchronization signals and the center of an NR carrier. Further study is required how to indicate the frequency offset in WI
Proposal 2: A frequency offset between synchronization signals and the center of an NR carrier should be indicated to UE. 
In LTE, the center of synchronization signals is aligned with the center of a carrier. So, a DC subcarrier of synchronization signals is also aligned with a DC subcarrier of the carrier. In NR, even though synchronization signals are not located in the center of system bandwidth, synchronization signals needs to have a DC subcarrier in its center if the DC interferences in a transmitter and a receiver are not ignorable for synchronization and cell search. Therefore, , a subcarrier in the center of synchronization bandwidth should be punctured as LTE regardless of the frequency location of synchronization signals

Proposal 3: The center subcarrier in the sync bandwidth should not be used for sync signal transmissions regardless of frequency location of synchronization signals if DC interference is not negligible.
If frequency location of synchronization signals can be changed dynamically, a UE has to search NR-PSS/SSS in every time instance where synchronization signals are transmitted. In addition, the UE cannot accumulate the correlation results of received signal to increase coverage of NR-PSS/SSS detection. Therefore, it is desirable that UE assume the location of synchronization signal is the same as in initial access procedure.

Proposal 4: UE shall assume the frequency location of synchronization signal is the same as in initial access procedure.
Candidate frequency locations for synchronization signals
In LTE, when PDSCH is overlapped with synchronization signals, rate-matching is applied. However, since the frequency location of NR synchronization signal is not fixed, it is possible that UE is required to handle for all the possible overlap cases. Therefore, it is beneficial if the overlapped resource elements between synchronization signals and a PDSCH are same as much as possible, regardless of the frequency location of synchronization signals. In this case, the frequency location of synchronization signals should be aligned with resource grid regardless of the frequency location of synchronization signals. To do so, the center frequency of synchronization signals should be a function of both the NR carrier raster and RB bandwidth. In other words, the raster for synchronization signals should be integer multiples of both RB bandwidth and the NR carrier raster. Detailed values can be decided based on the discussion of sequence length and subcarrier spacing for of NR-PSS/NR-SSS 
Proposal 5: The candidate center frequency locations of synchronization signals should be determined as a function of both the NR carrier raster and RB bandwidth.
Frequency locations of synchronization signals between neighbor cells.
If it is allowed that the frequency locations of synchronization signals are different between neighbor cells, a UE complexity for intra-frequency measurements will be increased. Because the 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 can be signaled, the UE complexity is still higher than the case where the same frequency location of synchronization signals are assumed. In addition, considering a UE with narrow bandwidth capability than system bandwidth, the UE will not receive synchronization signals from neighbor cells at the same time, so overall UE complexity and latency for intra frequency measurement will be increased. In fact, potential benefits from different frequency locations of synchronization signals between multiple cells are still unclear. Therefore, it is desirable that the UE assumes the frequency location of the synchronization signal(s) among neighbor cells is same. 
Proposal 6: UE shall assume the common frequency location of the synchronization signal(s) among neighbor cells.

3 Numerology for synchronization signals 

For the selection of subcarrier spacing of NR-PSS and NR-SSS, several aspects such as the impacts of frequency offset, delay spread, etc. on synchronization and cell search should be considered. Typically, narrow subcarrier spacing results in longer OFDM symbol duration in time domain so it could make NR-PSS more sensitive to CFO and Doppler spread. If there is large CFO when a UE starts synchronization and cell search, ideal correlation property of ZC sequence cannot be guaranteed. Therefore, the UE starting PSS detection should assume maximum possible CFO and it could increase UE complexity due to increased hypothesis on multiple CFOs when the UE detects PSS. On the other hand, wide subcarrier spacing has shorter OFDM symbol duration in time domain. It makes the PSS detection more robust to CFO and Doppler spread. Considering the impact of CFO and Doppler spread on the performance of synchronization and cell search, 30kHz and either 120kHz or 240kHz subcarrier spacing values can be considered for below 6GHz and above 6GHz, respectively.

Unlink LTE, CP length detection is not required in NR. In LTE, one of the reason synchronization signals have the same CP length with other OFDM symbols is to align OFDM symbol boundary in time and frequency domain. However, because NR can use different subcarrier spacing between synchronization signals and other OFDM symbols within system bandwidth, exact symbol boundary alignment between SS block and data cannot be guaranteed. In addition, blind detection on CP length will increase the UE complexity while it has little impact on synchronization signals detection performances. Therefore, we think that normal CP is enough to cope with the impact of delay spread for synchronization signals and PBCH.
Proposal 7: The default numerology should be defined for SS block, and same numerology is used for synchronization signals and NR-PBCH
· For < 6GHz, SCS should be 30kHz

· For > 6GHz, SCS should be either 120kHz or 240kHz.

4 Conclusion

This contribution discussed remaining issues on the sync raster and numerology for synchronization signals in NR and made following proposals. 

Proposal 1: UE should not be required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster regardless of the size of sync raster.

Proposal 2: A frequency offset between synchronization signals and the center of an NR carrier should be indicated to UE. 

Proposal 3: The center subcarrier in the sync bandwidth should not be used for sync signal transmissions regardless of frequency location of synchronization signals if DC interference is not negligible.

Proposal 4: UE shall assume the frequency location of synchronization signal is the same as in initial access procedure.

Proposal 5: The candidate center frequency locations of synchronization signals should be determined as a function of both the NR carrier raster and RB bandwidth.

Proposal 6: UE shall assume the common frequency location of the synchronization signal(s) among neighbor cells.

Proposal 7: The default numerology should be defined for SS block, and same numerology is used for synchronization signals and NR-PBCH
· For < 6GHz, SCS should be 30kHz

· For > 6GHz, SCS should be either 120kHz or 240kHz.
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