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1 Introduction

Carrier/channel raster design is an important issue for placing the center of a NR carrier and detecting SS, and there is a WF [1] supported by many companies in RAN 1#86 for carrier/channel raster:

· The frequency raster (used for synchronization and NR cell search) is sparser than the carrier/channel raster

· The frequency raster (used for synchronization and NR cell search) may depend on the frequency bands
· A UE should not assume a fixed frequency location of the synchronization signal(s) relative to the center of the carrier
In this paper, the detailed design for channel raster and SS location is discussed.
2 Discussion 
2.1 Consideration on raster

In LTE, it is defined that the channel raster is 100 kHz for all bands, which means that the carrier center frequency must be an integer multiple of 100 kHz. SS is mapping to the center of carrier, and the frequency raster for SS can be assumed as the least common multiple of channel raster and sub-carrier spacing, i.e., 300 kHz. Then, for a given UE, the synchronization detection complexity is related with the number of frequency raster used for SS, which depends on the size of frequency raster used for SS and the size of the operating bands.  
In LTE, only sub-6GHz is supported and the defined operating bands are no greater than 200MHz except for band 46 (5150 MHz ~ 5925MHz) [2]. In NR, system should be able to use any spectrum band ranging at least up to 100 GHz that may be made available for wireless communications even in a more distant future [3]. Thus, the operating bands may be much wider than that in LTE, especially for high frequency. Reusing the LTE frequency raster for placing the center of a NR carrier and SS may increase the SS detection complexity significantly. In order to reduce UE complexity for large operating band, a straightforward solution is to reduce the possible location of synchronization signal, namely, the possible frequency raster of the synchronization signal is sparser than the carrier/channel raster for placing the center of a NR carrier. 

Proposal 1: The frequency raster (used for synchronization and NR cell search) is sparser than the carrier/channel raster (used for placing the center of a NR carrier).

In NR, for different carrier frequency bands, the operation bandwidths may not be the same. For example, for Sub6G, the bandwidth of operating bands may be the same as or just several times of that in LTE, and the same frequency raster for synchronization as in LTE is preferred. However, for high frequency, the bandwidth of operating bands may largely increase compared with that at Sub6GHz. Then, to reduce SS detection complexity for HF, sparser frequency raster than that at Sub6GHz for SS can be considered to guarantee the same UE complexity as at Sub6GHz. 
Furthermore, according to the discussions in the last meeting, different numerology are preferred in different frequency bands. It is also not appropriate to reuse the 100 KHz carrier/channel raster in the high frequency with larger sub-carrier spacing than 100 kHz, e.g., 120 kHz, 240 kHz. Thus, for a given frequency band, frequency raster for synchronization may also related with the numerology, more specifically, this numerology may be the maximum supported numerology, default numerology or numerology determined by NR base station.
Proposal 2: The frequency raster (used for synchronization and NR cell search) may depend on the frequency bands.
2.2 Consideration on synchronization signal frequency location
In LTE, the UE should assume the synchronization signal is transmitted at the center of the carrier. However, several features of NR make this assumption not always appropriate, which include:

1. The center of the carrier is not on the frequency raster used for synchronization. In the discussion in section 2.1, the frequency raster (used for SS and NR cell search) is preferred to be sparser than the carrier/channel raster for the sake of low UE SS detection complexity, i.e., the raster for SS and the raster for the center of the carrier are decoupled. Hence, the UE should no longer assume that the synchronization signal is always in the center of a carrier. An example is illustrated in Figure 1.
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Figure 1 an example of the rasters for synchronization and for the center of the carrier
2. Forward compatibility. It is agreed in the SID of NR [3] that the new RAT shall be inherently forward compatible. Therefore, it is desirable to reduce the always-on signal in the fixed location. In order to guarantee flexible blank time/frequency resource for forward compatibility, the synchronization signal is not preferred to be always at the center of a carrier.

3. The band of SS numerology may be not fixed within the transmission band. In the last meeting, it is agreed to investigate three alternatives about the subcarrier spacing of each synchronization signal. For these three alternatives, the numerology of synchronization signal is determined by serving cell or predefined, and its frequency band of the numerology used for SS may not cover the center of carrier. Under this condition, the synchronization signal cannot be transmitted at the center of carrier.  
4. If FDM is considered for SS multiplexing. In [4], we have described different multiplexing methods of the SS including TDM, FDM, CDM and combinations of them. In FDM scheme, multiple SSs are transmitted over different frequency resources simultaneously. Therefore, it is obvious that UE should not assume a fixed frequency location of the synchronization signal(s) relative to the center of the carrier if FDM is considered for SS multiplexing. 

Furthermore, once the raster for SS and raster for the center of the carrier are decoupled, the design of SS frequency location should be investigated. First of all, the SS could be located on the frequency raster used for SS and NR cell search. Then, the possible frequency location of SS is related with the transmission bandwidth, e.g., small transmission bandwidth may have limited frequency location candidates. Moreover, the frequency offset between possible frequency location of SS and center of carrier is preferred to be integer multiple of RB, which is similar to NB-IoT. This also indicates that the frequency raster for synchronization is related with RB size in frequency domain. 

Among these frequency location candidates, one option for the base station is to locate synchronization signal close to the center of carrier in a predefined way. Moreover, it can also be configured by other carrier, e.g., low frequency assisted high frequency, if other UE can receive signal from other carrier.

Proposal 3: A UE should not assume a fixed frequency location of the synchronization signal(s) relative to the center of the carrier.
Additionally, for the UE after initial access, intra-frequency measurement within the same band is required, e.g., detecting synchronization signal from other cells. According to the features 2~4 of NR discussed above, it may no longer be possible to assume that sync signals for NR are fixed for one operation in one band in one country. Therefore, for intra-frequency measurement, the NR UE would have to search the synchronization signal from other cells over the entire raster. In order to save UE power consumption, further reduce the UE complexity and speed up the UE cell search (compared to a full search on a dense frequency raster), it is possible that the network can signal to the UE that it could assume synchronization signals of other cells are on a further reduced raster. One extreme example is that the serving cell configures UE to assume the same frequency location as the UE’s serving cell synchronization signals.
Proposal 4: If intra frequency measurement is specified, a UE can assume synchronization signals of other cells are on a reduced raster signaled by the network, e.g., multiple or single SS frequency position(s). 
3 Conclusion

Proposal 1: The frequency raster (used for synchronization and NR cell search) is sparser than the carrier/channel raster.
Proposal 2: The frequency raster (used for synchronization and NR cell search) may depend on the frequency bands.
Proposal 3: A UE should not assume a fixed frequency location of the synchronization signal(s) relative to the center of the carrier.
Proposal 4: If intra frequency measurement is specified, a UE can assume synchronization signals of other cells are on a reduced raster signaled by the network, e.g., multiple or single SS frequency position(s). 
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