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1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN4#83 meeting, the channel raster and synchronization raster/SCS have been discussed [1-9] and the WF for sub 6GHz bands are approved in [10] as summarized below.
· For sub 6GHz in LTE bands
· Option 1: 100KHz
· Option 2: 180KHz
· It is agreed to evaluate the pros and cons of both options, in particular
· The definition of guard band between component carriers and how the channel raster impact to this guard band. 
· Coexistence with adjacent channels, especially in case of refarming.
· Sync raster definition and impact to initial system acquisition
· Down selection should be done between option 1 and 2 in next meeting
· FFS synchronization raster
In this paper, we discuss the channel raster of the NR bands below 6 GHz.
2	Discussion
2.1 Guard band between component carriers
To achieve zero guard band for two consecutive component carriers, the CC spacing shall be the same as the half of two component carriers’ aggregated transmission bandwidth as shown in Figure 1.


Figure 1: CA operation without guard band
Therefore, (SCS1 x 12 x N1)/2 + (SCS2 x 12 x N2)/2 shall be an integer multiple of channel raster. Furthermore, CC center offset from the channel center shall be an integer multiple of channel raster to have such configuration available. 
Just to simplify the single numerology case with the equal CC bandwidth, i.e., SCS1=SCS2 and N1=N2, this can be achieved with 180kHz channel raster if SCS is 30kHz or 60kHz for any CC bandwidth configuration. For 15kHz SCS, N1 = N2 shall be even numbers.
On the other hand, for 100kHz channel raster, N1= N2 must be integer multiples of 10, or, in the other word, the CC center offset from the channel center shall be an integer multiple of 900kHz.
Observation 1: For 180kHz channel raster, zero guard band for 2 equal CCs can be achieved for any transmission bandwidth for 30kHz and 60kHz SCS. For 15kHz SCS, each CC transmission bandwidth shall use an even number of resource blocks.
Observation 2: For 100kHz channel raster, zero guard band for 2 equal CCs can be achieved if each CC transmission bandwidth is an integer multiple of 10 resource blocks.
In either case, zero guard band is achievable for certain transmission bandwidth configurations. Since we have not agreed yet what transmission bandwidth configuration is used in NR CA configuration, it is not clear yet if we can avoid guard band for every configuration. However, 180kHz channel raster is more flexible and suited to make the zero guard band as 100kHz raster is more restrictive. This is true if we further consider more complicated cases, like more than 2CC CAs, mixed numerologies and asymmetric bandwidths. 
Observation 3: 180kHz raster is more flexible and suited for the NR CA operation without guard band.
Furthermore, there may be another benefit of using 180kHz channel raster. 180kHz raster is aligned with the resource block size thus the resource block grid is aligned for different channels within the band. This kind of simplicity may be utilized in RAN1 or RAN2 to simplify the NR design.

2.2 Coexistence with adjacent channels and impact to refarming
The coexistence with adjacent channels are achieved with ACLR and ACS requirements. The channel configurations for ACLR/ACS requirements have not been sorted out completely yet for the NR, thus we just use LTE parameters as an example. LTE ACLR for 5MHz channel is specified for 5MHz channel offset. This is a multiple of 100kHz but not 180kHz. In case of 180kHz raster, there is no channel exactly at 5MHz offset thus strictly speaking the adjacent channel coexistence is secured for the channel at 5.04MHz offset or larger.
If we consider the refarming the legacy RAT to the NR with the channel raster 180kHz, then operators would need to change the frequency centre of the legacy channel to the newly defined NR channel. This will change the frequency separation with other existing channels adjacent to the new NR channel. To keep the same (or less) interference to the adjacent channels, the outermost resource block may need to be disabled as a guard band not to increase the interference to the adjacent channel.
Another important case is the partial refarming of LTE to the NR, in which operators keep LTE in a part of the original LTE channel, for example, 10MHz LTE channel is refarmed to 5MHz LTE and 5MHz NR channels. In such case, 5MHz LTE channel is still following the original 100kHz raster, but NR may use a new 180KHz raster. Then the resource grid is not orthogonal anymore within the same operator even if the same numerology 15kHz is used. This may require a certain guard band between LTE and NR.
Thus, 100kHz raster is simpler from the coexistence and refarming perspective.
Observation 4: 100kHz raster is more suited with the existing channel arrangement and LTE refarming to the NR.
However, this will not prevent the use of 180kHz raster. As discussed above, we may introduce a guard band, perhaps one resource block, to cope with the coexistence issue between NR and LTE carriers.
Observation 5: 180kHz raster is usable if NR channels are carefully deployed such as using a guard band if necessary.
We could lose a resource block, but we could gain it back from CA operations presented in 2.1. In the end, this could be a trade-off issue.

2.3 Summary
Both 100kHz and 180kHz raster have pros and cons. 100kHz raster can better handle the coexistence for the exiting channels. On the other hand, 180kHz raster can better handle CA operation. Either way, we may need a guard band either inside NR carriers or outside NR carriers.
180kHz raster is aligned with the NR numerology and may lead to the simpler physical and higher layer design harmonized with the design above 6GHz bands, where the consensus so far has been to use the numerology friendly channel raster. 
Furthermore, achieving zero guard band would be quite important for the wideband operation up to 100MHz for the bands below 6GHz, where we should better utilize all subcarriers contiguously without guard band among CCs. In this regard, 180kHz is a more preferred option. 
Therefore, we propose that if the coexistence handling (like an introduction of guard resource) is confirmed especially by operators, then, 180kHz raster should be selected for a simpler NR physical layer design and a better spectrum utilization in wide contiguous spectrum. Therefore, we propose the following.
Proposal 1: If the coexistence with the existing channel arrangement can be concluded manageable (such as using a guard resource block), then 180kHz raster shall be selected. 

3	Conclusion
Observation 1: For 180kHz channel raster, zero guard band for 2 equal CCs can be achieved for any transmission bandwidth for 30kHz and 60kHz SCS. For 15kHz SCS, each CC transmission bandwidth shall use an even number of resource blocks.
Observation 2: For 100kHz channel raster, zero guard band for 2 equal CCs can be achieved if each CC transmission bandwidth is an integer multiple of 10 resource blocks.
Observation 3: 180kHz raster is more flexible and suited for the NR CA operation without guard band.
Observation 4: 100kHz raster is more suited with the existing channel arrangement and LTE refarming to the NR.
Observation 5: 180kHz raster is usable if NR channels are carefully deployed such as using a guard band if necessary.
Proposal 1: If the coexistence with the existing channel arrangement can be concluded manageable (such as using a guard resource block), then 180kHz raster shall be selected. 
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