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1. Introduction
In RAN4#108 meeting, WF [1] on channel raster enhancements was agreed. Some remaining issues in WF need further discussion. This contribution provides our views on the remaining issues for channel raster enhancements.
2. Discussion
Approaches / Alternatives for channel raster enhancements
As per the WF [1, 2], the agreements related to approaches/ alternatives for channel raster enhancements are shown as below:
	1- Approaches / Alternatives
One of the following approaches/alternatives to be chosen: 
· Approach 1: Specify a new channel raster
The new channel raster step size: 10 kHz
· Approach 2: Do not specify new channel raster entries 
· Alternative 1
1- Clarify in clause 5.4.2.2 of both the BS and UE specifications that the “RF channel” is mapped to the channel raster at the centre of a carrier grid of a serving cell for at least one numerology as advertised in SIB1.
2- The network should be able to use the RRC specification for configuring the UE with locations of the UE-specific channel BW within a wider cell-specific bandwidth subject to UE capability; a subset of requirements applies for the UE-specific CHBW within a wider carrier
· Alternative 3: 
1- For operating bands with a 100 kHz channel raster, the UE can signal a capability to support a UE specific channel BW that 
· consists of a contiguous subset of RBs from SCS-SpecificCarrier in SIB1 and 
· is a maximum transmission BW configuration 
· but need not be centered on the channel raster.
2- For UEs with the capability to support a UE specific channel BW off the 100 kHz raster in corresponding operating bands, the natural raster for the UE specific channel BW is the RB grid of the carrier bandwidth in SIB1. (For a given numerology and location of the SIB1 carrier bandwidth, its RB grid is considerably sparser than the proposed channel rasters and it includes only valid frequency locations, hence rather the RB grid of the carrier bandwidth in SIB1 should be specified as raster for the UE specific channel BW than a new channel raster.)
2- Way forward
For the next meeting, companies are encouraged to comment on open issues and/or to detail the expected specification updates of their preferred approach.



For a device that supports mixed numerology, it is assumed that there are numerology1 (NRB1/SCSkHz1) and numerology2 (NRB2/SCSkHz2). The carrier centre frequency Fc1 will be configured centred on channel raster, as illustrated in equation 1. Meanwhile, The Fc1 will be used to calculate point A via numerology1 (NRB1/SCSkHz1), as illustrated in equation 2. Subsequently, the point A will be used to calculate carrier centre frequency Fc2, with numerology2 (NRB2/SCSkHz2), as illustrated in equation 3.
The detailed calculating procedure is following:
Fc1 = m1 × ΔFRaster                                                                                                                                             (Equation 1)
Where, m1 is ARFCN, and ΔFRaster is channel raster step size.
FpointA = Fc1- (NRB1 × NscRB × SCSkHz1)/2                                                                                                         (Equation 2)
Fc2 = FpointA + (NRB2 × NscRB × SCSkHz2)/2                                                                                                       (Equation 3)
Combining equation 1 and equation 2, the equation 4 can be derived from equation 3,
Fc2 = m1 × ΔFRaster – (NRB1× SCSkHz1 - NRB2 × SCSkHz2) × NscRB  /2                                                                (Equation 4)
By using equation 4, the ARFCN m2 for Fc2 can be derived,
m2 = Fc2/ΔFRaster = m1 – (NRB1× SCSkHz1 - NRB2 × SCSkHz2) × NscRB /2/ΔFRaster                                               (Equation 5)
Assuming SCSkHz1 = 2u1×15, and SCSkHz2 = 2u2×15, and u1, u2=0,1,…,6,  then,
m2 = m1 – (NRB1×2u1 - NRB2 ×2u2) × 15 × 6 /ΔFRaster                                                                                        (Equation 6)

Table 2-1: off channel raster for operating band n3 with three numerologies for ΔFRaster =10 kHz 
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For approach 1, the channel raster step size ΔFRaster =10 kHz. By using equation 6, m2 could be calculated:
m2 = m1 – (NRB1×2u1 - NRB2 ×2u2) × 9
It is not difficult to find that the m2 is always an integer, which means that there is no off channel raster issue for 10 kHz channel raster. For example, as shown in table 2-1, the 1834.7 MHz for numerology (133RBs/15kHz SCS) is centred on channel raster of operating band n3 with ΔFRaster =10 kHz. By loading this configuration as centre frequency of carrier of service cell, the centre frequency of carrier with numerology (65RBs/30kHz SCS) and numerology (31RBs/60kHz SCS) will be 1834.43MHz and 1833.89MHz, respectively. Apparently, they are centred on 10kHz channel raster, and their off channel raster are 0 kHz, and approach 1 is effective. Therefore, we believed that if new channel raster step size of 10 kHz gets introduced, the table of applicable NR-ARFCN per operating band in FR1 need to be added to specifications, so it has more impact on specifications.
Observation 1: Approach 1 is effective, but it has more impact on specifications.

Table 2-2: off channel raster for operating band n3 with three numerologies for ΔFRaster =100 kHz
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For approach2, there will no additional new channel raster entries be introduced. In this case, the channel raster step size ΔFRaster =100 kHz. By using equation 6:
m2 = m1 – (NRB1×2u1 - NRB2 ×2u2) × 9/10
[bookmark: _GoBack]Unless (NRB1×2u1 - NRB2 ×2u2) is a multiple of 10 or 0, m2 will not be an integer. Therefore, m2 can be off the 100 kHz channel raster, but m1 will keep centred on channel raster still. For example, as shown in table 2-2, the 1834.7MHz for numerology (133RBs/15kHz SCS) is centred on channel raster of operating band n3 with ΔFRaster =100 kHz. By loading this configuration as centre frequency of carrier of service cell, the centre frequency of carrier with numerology (65RBs/30kHz SCS) and numerology (31RBs/60kHz SCS) will be 1834.43MHz and 1833.89MHz, respectively. They are off 100kHz channel raster, and their off channel raster are 30 kHz and 90 kHz, respectively.
Therefore, we think that for RF channel supports two (RF) carriers of different numerologies advertised by SIB1, to ensure that the wider carrier could be placed on the centre of the 100 kHz channel raster.
The bullet 1 in Alternative 1 of approach 2 is to ensure that at least the wider carrier could be placed on the centre of the 100 kHz channel raster for cell-specific carrier. Meanwhile this approach could solve the cell-specific carrier off channel raster issue.
The bullet 1 in Alternative 3 of approach 2 is to ensure that UE specific channel BW could be maximum transmission BW configuration, with no need to be centred on the channel raster. This approach can solve the UE-specific carrier off channel raster issue.
In summary, for approach2, the bullet 1 in alternative 1 and bullet 1 in alternative 3 could be a good way to solve the issue that RAN4 is facing. Therefore, the approach 2 is preferred, which has less impact on specifications.
Proposal 1: Approach 2 is effective as well, which has less impact on specifications. So Approach 2 is preferred.

3. Conclusion
This contribution provides our general consideration on channel raster enhancements. The following observation and proposal are concluded as follows:
Observation 1: Approach 1 is effective, but it has more impact on specifications.
Proposal 1: Approach 2 is effective as well, which has less impact on specifications. So Approach 2 is preferred.
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