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The channel raster and synchronization raster for NR were extensively discussed in previous RAN4 meetings. A WF was agreed in the previous meeting [1]. While for mmWave the channel raster was agreed, there was no final agreement for the sub6 bands. In this paper we present further analysis on the pros and cons of different options and present an enhancement to the RB based channel raster the offers more deployment flexibility.
2. 	Discussion
The channel raster and sync signal raster have been discussed in previous meetings. It was also discussed whether a channel raster is needed from a UE point of view or only a sync raster would suffice. It should be pointed out that a channel raster is still needed at least for compliance testing. Where the RBs are placed relative to the channel edges(beyond which emissions are measured for compliance) must be clearly defined in the specifications. In this paper we discuss the sync raster and the channel raster, and the relationship between them.
In previous meetings the channel/sync raster were discussed and two options were left on the table for the bands in the frequency range 1, the 100kHz raster(same as LTE) and the RB based raster [1]. For frequency range 2 it was agreed to have an RB based raster. 
The pros and cons of the 100kHz raster and RB based raster were debated in previous meetings, in this paper we present some further analysis for both options and present some possible enhancements to the RB based raster.
The concepts of subcarrier grid alignment and RB grid alignment were explained in depth in [2]. In this paper we refer to these concepts in our analysis of the proposed rasters. Also, an algorithm for down selection of the sync raster was explained in [2], [3]. This algorithm will also be referred to in this paper.
In [2], [3] it was explained that an RB based raster enables a sync raster with the least number of entries for each band. It was also shown that for the 100kHz based raster, the sync raster could lead to up to 9(for 15kHz SCS) or 18(for 30kHz SCS) times more sync raster entries because of the need to cover every 100kHz offset between two channel raster entries that are RB aligned. In [4],[5] it was argued that only at most 3 times more entries would be needed because for different channels to share the same sync block location only subcarrier grid alignment is needed. This concept is explained below.
If different channels that are only subcarrier grid aligned share the same sync block location, this means that the sync block is not necessarily RB aligned with the rest of the channel so the sync block edge is offset by an arbitrary number of subcarriers (REs) relative to the rest of the channel. This is shown Figure 1. As partial RB allocations are not supported, the REs situated between the sync block and the channel RBs will not be used so 1 RB would be lost in the symbols containing the sync block(essentially the sync block becomes 1 RB larger in the frequency domain). To access the actual channel, the UE needs to be aware of this offset so the NR design would have to provision for this(e.g. MIB could contain this offset information). This arrangement will be referred to “floating sync block” in the rest of the paper. If this is the preferred solution from a RAN4 point of view, RAN1/2 should be informed right away such that this aspect is taken into account in the design. 


Figure 1. Arbitrary offset between sync block and Channel RBs
2.1. 100kHz Raster 
The 100kHz raster was proposed because it has a perceived advantage in co-existence with adjacent channels(e.g. legacy LTE channels) even though there was no convincing argument for this explanation. One of the claimed advantages of this raster is that it enables a symmetric placement of the allocated RBs in the channel. This symmetry is actually lost for certain numerologies depending on the number of RBs as explained in [6]. 
In [2], [3] it was shown that the sync raster could have up to 9(for 15kHz sync SCS) or 18(for 30kHz sync SCS) times more entries compared to the RB based raster. This number could be reduced to up to 3 times if the “floating sync block” approach is adopted.
The 100kHz raster will create some significant problems with CA operation and forward compatibility when new channels bandwidths are introduced. For intra-band contiguous CA, the problems related to 0 guardband operation were shown in [2].
Below we explain another problem related to addition of new channel bandwidths. In order to introduce a new channel bandwidth, the aggregation of other channel bandwidths that add up to the newly defined bandwidth has to be supported. In order for this to be supported, the newly introduced channel has to be RB aligned with the aggregated CCs, otherwise there will be a “hole” in the newly added channel(some REs will not be used). An example is shown in Figure 2 with 100MHz channels and a newly introduced 200MHz channel (30kHz SCS). In order for the two 100MHz CCs to be deployed on the same RB raster, their centers could be placed as in the figure, however, the newly defined 200MHz CC cannot be deployed in the center of the 200MHz channel and has to be offset(available entries are 99.1 and 100.9). This will lead to the newly defined channel violating the minimum guardband defined for this channel. To solve this problem the number of used RBs would have to be reduced resulting in lower spectral efficiency. This issue is further explained in [X].
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Figure 2 Forward compatibility issues with 100kHz channel raster
2.2 RB based sync raster
In [2] it was explained in detail that the RB based raster leads to the best downselection of the sync raster and enables 0 guardband operation. Furthermore, addition of new channel bandwidths will not pose any problems because all channels within each band are RB aligned.
The major problem with the RB based raster is the asymmetric guardband that could lead to a loss of 1 RB in some channels compared to a symmetric RB placement. To minimize this problem, the minimum guardband would have to be optimized, this will require more analysis and will further delay the progress.
This problem could be solved if the channel raster granularity is finer than 1 RB. A solution is described in the next section.
2.3 Subcarrier based raster
As explained in the previous sections, each raster option has certain drawbacks. In order to reduce the granularity of the RB based raster, a subcarrier based raster is proposed. 
A subcarrier based raster would enable very fine granularity such that channels could be placed very close to the center of the assigned spectrum holding(at most +-7.5kHz offset compared to center). Furthermore, as this raster is a superset of the RB based raster, the possibility of 0 guard band operation and addition of a new channel bandwidth in a forward compatible way are preserved. 
Considering the very small offset relative to the center of the allocated spectrum, the guardband analysis and spectral utilization agreed in the previous RAN4 meeting can be reused [
The RB based raster has one major drawback, the sync raster would have to cover every subcarrier offset relative to an RB edge leading to 12 times more entries compared to the RB based raster. This problem can be solved if the “floating sync raster” approach is employed. In this case, the sync raster will be the same as in the RB based raster proposal. As explain. This approach incures the loss of 1 RB in the symbols in which the sync block is transmitted, however, 1 RB will be gained in many channels because of the symmetric guardband.
2.4 Raster comparison
The pros and cons of all raster options are summarized in Table1. 
	
	100kHz raster
	RB based raster
	Subcarrier based raster

	Channel edge guard band
	Symmetric/becomes asymetric for certain numerologies
	Asymmetric
	Symmetric 

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

	Addtion of new channel bandwidths
	Difficult (leads to loss of RBs)
	Supported
	Supported

	Sync raster down selection
	Multiple entries needed (sub-optimal), 3x RB based raster with “floating sync”
	Smallest possible number of entries (Optimal)
	Smallest possible number of entries with “floating sync”


Table 1. Raster options comparison
As can be seen in Table 1, the subcarrier based raster provides the best solution, the only caveat being the loss of 1RB in symbols containing the sync block. This caveat would also be present in the 100kHz option if the sync raster is optimized.
Proposal 1. Adopt the subcarrier based raster for NR in all bands.
Proposal 2. Send an LS to RAN1/2 to inform them about the need to enable “floating sync block”.
2.5 Specification of Subcarrier Based Raster
In terms of definitions in the specifications, the sync raster and the channel raster will have to be defined separately for each band. The sync raster will contain the position of subcarrier 0 of the leftmost RB of the sync block and the channel raster will contain the positions of subcarrier 0 of the center RB(in case the number of RBs is even, this could be the RB with the number NRB/2). The channel raster should be based on the lowest SCS supported in the band. It should be noted that the channel raster does not need to point to the LO position, should just provide the exact position where the subcarriers should be deployed.
The subcarrier positions will be fixed inside a band, the center of the first subcarrier in a band should be offset by half of the largest SCS supported in that band such that all subcarriers are fixed. Concrete examples for sub6 and mmWave are provided below.
Sub6 band:
Subcarrier 0 in the band is 30kHz(0.03MHz) offset from band edge(FDL_low)
Channel raster entries are FDL=0.03+0.015*NDL
Sync raster entries: FDL_sync= 0.03+0.18+2*0.18*NDL_sync for 15kHz SCS and 5MHz minimum channel bandwidth
		0.03 ->offset from band edge of first subcarrier
		0.18 ->first sync entry is offset by 1RB from the band edge
		2*0.18 -> sync raster step size is 2RBs as shown in [3]
mmWave band:
Subcarrier 0 in the band is 60kHz(0.06MHz) offset from band edge(FDL_low)
Channel raster entries: FDL=0.06+0.06*NDL
Sync raster entries: FDL_sync=0.06+8*1.44+9*1.44*NDL_sync
		0.06 ->offset from band edge of first subcarrier
		8*1.44 -> first sync entry is offset by 8 RBs from the band edge
		9*1.44 -> sync raster step size is 9RBs as shown in [3]
3. 	Conclusion
In this paper we further analyzed the pros and cons of the proposed channel raster options and made a new channel raster proposal that is an enhancement of the RB based raster. The proposed subcarrier base raster solves all the problems of the other options and provides the best solution.
Proposal 1. Adopt the subcarrier based raster for NR in all bands.
Proposal 2. Send an LS to RAN1/2 to inform them about the need to enable “floating sync block”.
In Section 2.5 we also provided an example of how the proposed raster could be defined in the specifications.
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