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The channel raster and synchronization raster for NR were extensively discussed in RAN4#83, however, no agreement could be reached. A WF with 2 possible options for sub6 was agreed [1] and companies should provide analysis on pros and cons by next meeting. In this paper we provide an in-depth analysis of the 100kHz and RB based rasters. 
2. 	Discussion
First of all, it should be discussed whether the concept of channel raster is still needed in NR. From a UE point of view, what matters is the sync raster entries such that the UE can perform system acquisition and measurements. In NR, the DL DC subcarrier will be modulated so the UE does not need to know its location, hence, the position of the channel center is not important. Furthermore, the sync block is not located in the center of the channel anymore so there is no relationship between the sync block location and the channel edges. As such, it should suffice to define a sync raster in the UE specifications. 
Observation 1: From a UE point of view, only the synchronization raster needs to be defined.
In this paper, we mainly focus on the sync raster and refer to the channel raster term as it is used in LTE. For NR, a similar channel raster concept can be developed based on the sync raster if needed.
The comparison between the 100kHz raster and the sync raster is based on the achievable spectral utilization, specification complexity taking into account the channel edge guardband definition and the initial system acquisition performance. 
2.1. Subcarrier grid and RB grid
Before discussing the actual sync raster, we would like to establish some terminology that will be used throughout the paper. 
We refer to different CCs as being on the same subcarrier grid or subcarrier grid aligned if all their subcarriers (REs) can be processed with a single FFT. This means that the distance between the channel raster entries on which these CCs reside has to be a multiple of the SCS. For example, in LTE intra-band contiguous CA, the distance between the channel raster entries is a multiple of 300kHz which is the least common multiple of 15kHz(SCS) and 100kHz(channel raster spacing). This is illustrated in Figure 1 below.


Figure 1. CCs that are subcarrier grid aligned
If the CCs are subcarrier grid aligned, CA with non zero guardband is not necessarily possible. Depending on the actual distance between the channel rasters, the space between CCs may not be a multiple of the RB size as shown in Figure 2. As fractional RB allocations are not possible, there would be some portion of the spectrum that is not usable. For example, in LTE, the minimum channel spacing for intra-band CA is 18.3MHz which leads to at least 120kHz that cannot be used.


Figure 2. Intra-band contiguous CA with non zero guard band.
We refer to different CCs as being on the same RB grid or RB aligned if all their subcarriers can be processed with a single FFT and if the space between the CCs can be completely filled up with RBs(0 guardband between CCs can be achieved). This means that the distance between the channel raster entries on which these CCs reside has to be a multiple of the RB size and the channel raster granularity. For example, in the case of LTE, for two CCs to be on the same RB grid, the distance between the channel raster entries has to be a multiple of 900kHz, which is the least common multiple of 180kHz(RB size) and 100kHz(channel raster spacing). This is illustrated in Figure 3 below. 
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Figure 3. CCs that are RB aligned
It has to be noted that if CCs are RB aligned they are implicitly subcarrier grid aligned.
2.2 RB based sync raster
An RB based channel/sync raster was proposed in [2], [3] and is one of the candidates to be analyzed. The concept of this proposal is to put all the channels in a band on the same RB grid. This enables 0 guard band between any contiguously aggregated CCs and down selection of the sync raster to the smallest possible number of entries because all channels within a frequency range can share a sync burst location.  
The 0 guardband CA is shown in Figure 3 in the previous section. The principle is valid for any channel of any size deployed within the band(e.g. 10+20MHz CA can still be deployed without any guardband).
The importance of down-selecting the sync raster was emphasized in several papers [2], [3] , [4]. The down selection principle with an RB based sync raster was introduced in [2] and is briefly reproduced below. The concept is shown in Figure 4. This down selection is based on the fact that multiple channels can use the same sync burst location because the channels are RB aligned. 


Figure 4. Synchronization raster down selection
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 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.
Observation 2: The synchronization frequency raster granularity is (X+1-Y) RBs where X is the minimum channel bandwidth defined for the band and Y is the synchronization block size.
One potential drawback of the RB based approach is that the channel edge guardband(in-channel guardband) is not symmetric. For example, if the right 5MHz channel in Figure 2 uses RB#29 to RB#55, the guardband to the edges is not symmetric. This would be the case for any channel(any of the 5MHz channels or the 10MHz channel). However, we believe this should not be a problem if the specifications define a minimum guardband that should be left at each channel edge. This is explained in more detail in [5]. Furthermore, the same problem arises with a 100kHz raster when intra-band contiguous CA is defined as will be shown in the next section.
2.3 100kHz based channel/sync raster
100kHz based raster is used in LTE and is also proposed for NR. In this Section we discuss aspects related to intra-band contiguous CA and sync raster optimization with a 100kHz raster.
In order to allow intra-band contiguous CA, the CCs have to be subcarrier grid aligned as explained in Section 2.1. In order to maximize the spectral efficiency, the CCs should be RB aligned as shown in Figure 3 to enable 0 guard band between them. Otherwise, there would be some space between 2 CCs that would not be used (cannot be allocated). The condition for multiple CCs to be RB aligned was introduced in Section 2.1. Taking the LTE numerology as an example, with an RB size of 180kHz and a raster of 100kHz, the distance between their raster entries has to be multiple of 900kHz (900kHz is least common multiple of 180 and 100). This is illustrated in Figure 5 below with an example. If the raster of CC1 is fixed to be the center of the 100MHz left channel, CC2 has to be moved from it’s center(center would be at 150MHz) to allow intra-band contiguous CA leading to an asymmetric guard band for CC2. If a 200MHz channel spanning CC1 and CC2 should also be used (e.g. is later introduced in the specifications or supported only by a subset of UEs), this has to be RB aligned with both CC1 and CC2. The raster for this 200MHz CC has to be at either 99.5 or 100.4 meaning the channel edge guardband will be asymmetric because the center is not at 100MHz. 
The analysis above applies to the 15kHz SCS. For different numerologies, the distance between the raster entries that leads to CCs being RB aligned scales accordingly. 
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Figure 5. Intra-band contiguous CA with 100kHz based raster
Next we discuss the sync raster with a 100kHz raster granularity. In order to down select as much as possible, the concept introduced in Section 2.2 has to be adapted to the 100kHz raster. Channels that are on the same RB grid can share a sync burst location and down selection can be carried out based on the same formula introduced in Section 2.2. However, with a 100kHz raster, not all channels will be RB grid aligned so a new sync burst location is needed for every 100kHz offset between two channels that are RB grid aligned. For a more intuitive understanding an example based on 15kHz SCS is given below.
This is graphically shown in Figure 6. With a 100kHz raster, only CCs that sit on raster entries being 900kHz apart can share the same sync burst location. For example, only channels with a raster of 100kHz, 1000kHz, 1900kHz, 2800kHz,…  can share the same sync burst location. Each 100kHz raster offset between two entries that are RB aligned(e.g. 100khz and 1000kHz) will need a separate sync burst location. Based on the previous example, new sync burst locations would be needed: one for 200kHz, 1100kHz, 2000kHz, 2900kHz, … , one for 300kHz, 1200kHz, 2100kHz, 3000kHz, … up to the one covering 900kHz, 1800kHz, 2700kHz, 3600kHz. In total we would need 9 different locations as is also shown in Figure 6. 
Compared to the RB based raster, since there is a need to cover all the offsets, the sync raster might have up to 9 times more entries with 15kHz SCS. This number scales up depending on the numerology, for 30kHz up to 18 more entries are needed and so on.
It should be noted that a sync raster down selection is possible only if the RB based raster granularity would be larger than the distance between CCs that are RB aligned. For example, if based on the formula in section 2.2, the raster granularity is smaller than 900kHz for 15kHz SCS, down selection is not possible. If this granularity is larger than 900kHz then down selection is possible.
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Figure 6. Sync raster down selection with 100kHz raster
2.4 Comparison between 100kHz and RB based rasters
In the previous sections both RB based raster and 100kHz raster were discussed. Some pros and cons are listed in the table below
	
	RB based raster
	100kHz raster

	Channel edge guard band
	Asymmetric
	Symmetric/becomes asymetric with intra-band contiguous CA

	0 guardband CA
	Supported, with raster granularity of RB size(180kHz, 360kHz, etc)
	Can be supported but only on some raster entries. Loss in flexibility(raster granularity is multiple of RB size and 100kHz)

	Sync raster down selection
	Smallest possible number of entries (Optimal)
	Multiple entries needed (sub-optimal)



From a channel edge guard band point of view, 100kHz raster is a simpler approach only if intra-band contiguous CA is not needed in a certain band. The channel edge guard band becomes asymmetric when this is needed and the available raster entries to deploy a channel is much smaller because the granularity is much smaller(e.g. 180kHz with RB based raster vs. 900kHz with 100kHz raster)
The biggest drawback for the 100kHz raster is the number of entries for the sync raster. A comparison with the number of entries for different combinations of minimum channel bandwidths, sync block SCS and pass band is shown in Table 2. The examples envision Band 3 (75MHz pass band) and the new 3.3-4.2GHz band proposed for NR.
	Minimum channel bandwidth (MHz)
	5
	10
	10
	20

	Channel bandwidth in RBs
	25
	52
	25
	52

	SCS for sync block
	15
	15
	30
	30

	Sync block in RBs
	24
	24
	24
	24

	Pass band (MHz)
	75
	75
	900
	900

	RB raster sync granularity (kHz)
	360
	5220
	720
	10440

	Sync raster entries with RB based raster
	209
	15
	1250
	87

	Sync raster entries with 100kHz based raster
	750
	135
	9000
	1566


Table 2. Sync raster entries for different parameters
As can be seen in Table 2, the number of sync raster entries is much higher if a 100kHz raster is used. The increase in number of entries is directly proportional with the amount of time that UE will spend for initial system acquisition and the power consumption.
Considering all the above, it is clear that the RB based raster is superior to the 100kHz raster.
Proposal: Adopt RB based raster for NR for all frequency ranges supported.
3. 	Conclusion
In this paper we provided an in-depth analysis of the RB based raster and the 100kHz based raster. The RB based raster offers several advantage such no guardband for intr-band contiguous CA that maximizes the spectral efficiency and optimal sync raster down selection that enables the best initial system acquisition performance. One possible drawback is the asymmetric channel edge guardband, however, this can be easily solved [XY] and the 100kHz raster leads to the same problem when intra-band CA needs to be supported.
Proposal: Adopt RB based raster for NR for all frequency ranges supported.
Based on this proposal, the sync raster granularity is given below:
Observation 2: The synchronization frequency raster granularity is (X+1-Y) RBs where X is the minimum channel bandwidth defined for the band and Y is the synchronization block size.
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