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The channel raster and synchronization raster for NR were briefly discussed in previous meetings [1] . RAN1 made further progress in the last meeting and RAN4 should also consider the RAN1 agreements summarized in [2], [3] when making decisions.
In this paper we further analyze how to define the channel raster and synchronization signal raster considering the agreements in [2], [3].
2. 	Discussion
2.1. Channel Raster
In [3] RAN1 informs RAN4 that it is agreed that RAN1 design will support operation of CA within a certain channel bandwidth(e.g. a 400MHz channel could be handled as one channel or as 2x200MHz CA) and that it would be beneficial not to have any guardband between the aggregated CCs. RAN4 also discussed the support of CA within a wider channel bandwidth in RAN4#82Bis and it was noted that this is needed for forward compatibility when new larger channel bandwidths are introduced in future releases. This aspect is also explained in more details in [4].
In intra-band CA in LTE, 0 guardband was not possible because the channel raster was not a multiple of the RB size. As such, even with minimum carrier spacing, a guard band between the aggregated CCs was necessary to align all the subcarriers on the same FFT raster. For example, in the case of 20MHz channels, the minimum spacing between the center frequencies of 2 CCs must be 18.3MHz leaving 300kHz guardband between the CCs. 
In order not to have any guardband between aggregated CCs, the distance between the channel raster frequencies of these CCs has to be a multiple of the RB size. If the space between any 2 channel raster frequencies is a multiple of the RB size, this space can be entirely filled up with RBs and there is no need for any guardband. Hence, spectrum utilization can be maximized. Figure 1 shows this concept with an example of a 10MHz channel that is split into two 5MHz channels.  
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Figure 1. RB allocations with intra-band CA
The smallest RB size is 180kHz with 15kHz SCS so this could be chosen as the smallest unit for the channel raster. This value could be scaled depending on the band and the smallest SCS supported. For bands about 24GHz, the smallest SCS is agreed to be 60kHz, hence, the channel raster should be 720kHz.
Proposal 1: The baseline channel raster granularity is 180kHz for bands below 6GHz and 720kHz for bands above 24GHz.
Typical channel bandwidths for NR will be multiples of 5MHz. Because 5MHz is not a multiple of 180kHz, the channel raster will not be in the center of the channel as in LTE. Also, the guardband at the edges of the channel will not be symmetric. The impact that this has on spectrum utilization and testing should be further discussed/analyzed.
In LTE the DC carrier was not modulated with data but for NR, RAN1 agreed that the DC carrier will not have any special treatment. Also, the channel raster will not be in the center of the channel anymore so the next question is on which subcarrier should the channel raster be defined? 
NR bands will have multiple subcarrier spacings, it is desirable that the channel raster falls on a subcarrier in each numerology. Also, RAN1 made some agreements regarding the subcarrier grid and these have to be aligned to the left within the channel [include reference to RAN1 agreement]. Considering all these, we propose that the channel raster is defined to be subcarrier#0 of the resource block. This definition will ensure that the raster falls on a subcarrier with any numerology. 
2.2 Synchronization Frequency Raster
RAN1 agreed in [1] that RAN4 should define the synchronization frequency raster. In this section we discuss the definition of the synchronization frequency raster. 
In [1], the necessity to minimize the synchronization frequency raster to improve the system acquisition performance was explained. The synchronization frequency raster should be a down selection of the channel raster. In order to minimize this raster, as few positions as possible in the channel raster should be valid entries in the synchronization frequency raster.
One important thing to note is that for NR, the synchronization signal does not have to be in the center of the channel. This aspect is essential for down selecting the synchronization raster.
The basic principle for the synchronization raster design is that at least one synchronization block should fit inside any channel deployed anywhere in the band. The concept for down selecting the channel raster is shown in Figure 2. The minimum channel bandwidth is X RBs and the sync burst bandwidth is Y RBs. The leftmost sync burst(depicted in blue) is situated right at the upper edge of the leftmost channel to be deployed (depicted in light orange). This sync burst block covers all the channels up to the one in which it is situated at it’s lower edge(depicted in dark orange). All the channels that have the left edge between the light orange and the dark orange ones (that would start in any RB in the (X-Y) RBs offset region) can employ this sync burst frequency location. The next sync burst location (light blue) should be situated such that it covers the next channel that is offset by 1 RB from the dark orange one(depicted with a dotted line) up to the one depicted in orange. 
Based on the principle above, in order for a sync bloc to fit within any channel in the band, the maximum distance between two adjacent sync blocks has to be (X+1-Y) RBs. 
Furthermore, the offset from the lower edge of the band where the sync bloc can start is (X-Y) RBs. The sync raster could be set on subcarrier 0 of the leftmost RB of the sync block or on one of the middle RBs. The distance between two raster entries would not change, however, the offset from the lower edge of the band would change.
Proposal 2: The synchronization frequency raster is (X+1-Y) RBs where X is the minimum channel bandwidth defined for the band and Y is the synchronization block size. 


Figure 2. Synchronization raster downs election
The methodology explained above is agnostic of subcarrier spacing. It can be applied to any band based on the minimum subcarrier spacing defined for the band. 
Based on the RAN1 agreements [2], the synchronization block is 24RBs wide in the frequency domain. This is very close to the RB size of a 5MHz channel so a meaningful down selection is not really possible. Hence, significant degradation in initial system acquisition is expected. The implications of the synchronization block design on cell acquisition performance are further discussed in [5].
For a band with a 10MHz channel, if the channel bandwidth will be 52 RBs, the sync raster would be 29RBs. The newly proposed 3.3-4.2 GHz band which has about 5000RBs, the synchronization raster would have about 172 entries.
There could be other options to reduce the size of the sync raster. In the bands where spectrum allocations are already known(e.g. current LTE bands), the sync raster could be defined based on these allocations and input from operators. 
Another option would be to assign different priorities to entries in the sync raster based on the likelihood of channel bandwidths. For example, for higher bands(3.5GHz or 4.4-4-9GHz bands) even if the minimum channel bandwidth is 5MHz it is very likely that actual deployments will be 10MHz or higher. Entries in the channel raster based on 10MHz channel bandwidths(or 20MHz) would be set with higher priority compared to entries based on 5MHz channel bandwidths and UEs would prioritize search accordingly.
Proposal 3: For bands with small minimum channel bandwidth(e.g. 5MHz) some ways to optimize the sync raster should be investigated (e.g. setting different priorities to sync raster entries based on known spectrum allocations or most likely minimum channel bandwidth). 
The synchronization frequency raster could be further optimized after the spectral utilization and minimum guardband at the edge of the channel are agreed.
3. 	Conclusion
In this paper we analyzed the NR channel raster and the synchronization frequency raster. Based on our analysis, the following is proposed:
In order to support contiguous carrier aggregation without guard band between CCs, the channel raster has to be aligned with the resource blocks.
Proposal 1: The baseline channel raster granularity is 180kHz for bands below 6GHz and 720kHz for bands above 24GHz.
For the synchronization frequency raster, a down selection of the channel raster is needed.
Proposal 2: The synchronization frequency raster is (X+1-Y) RBs where X is the minimum channel bandwidth defined for the band and Y is the synchronization block size. 
For bands with small minimum channel bandwidth (e.g. 5MHz), the sync raster is expected to have many entries based on the methodology in Proposal 2. Other options for down selection should be investigated.
Proposal 3: For bands with small minimum channel bandwidth(e.g. 5MHz) some ways to optimize the sync raster should be investigated (e.g. setting different priorities to sync raster entries based on known spectrum allocations or most likely minimum channel bandwidth). 

The synchronization frequency raster could be further optimized after the spectral utilization and minimum guardband at the edge of the channel are agreed.
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