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1. Introduction
[bookmark: OLE_LINK13]RAN4#107 approved a WF on channel raster enhancement [1] with the following consensus reached:
	1- SIB1 positioning off the 100 kHz grid for legacy UEs
Agreement:
· There is no backwards compatibility issue, the carrierBandwidth advertised in SIB1 does not have to be placed on the 100kHz raster.



And in the subsequent RAN#100 it was also agreed to extend the WI to NTN by adding TS 38.108 and TS 38.101-5 into the impacted TS list [2].
In this contribution, we focus on discussing channel raster enhancement for TN. 
2. Discussion
2.1 Limitations under legacy channel raster   
With the understanding that any UE specific carrier should also be on 100kHz channel raster points for all bands with 100kHz channel raster, we can further discuss the limitation for different cases.
(1) Case 1-1: SIB1 carrier is on 100kHz with an odd number of PRBs, and UE specific CBW with an odd number of PRBs
[image: ]
Fig.1, Case 1-1
As illustrated in Fig. 1, both BS and UE specific CBW are on 100k channel raster, and both have odd number of PRBs, the following equation must be satisfied where p,m,n are all integers:

This will require n should be an integer times of 5, thus the distance between two centers should be integer times of 5 PRBs.
(2) Case 1-2: SIB1 carrier is on 100kHz with an even number of PRBs, and UE specific CBW with an odd number of PRBs
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Fig. 2, Case 1-2
Similarly, the following equation must be satisfied:

which is equivalent to:

There is no such integers p,m,n which can satisfy the equation, thus it is not possible.
(3) Case 1-3: SIB1 carrier is on 100kHz with an odd number of PRBs, and UE specific CBW with an even number of PRBs
[image: ]
Fig. 3, Case 1-3
This case is very similar to Case 1-2, which means no possible.
[bookmark: _Hlk141289222]Observation 1: For Case 1-2 and 1-3 where both BS and UE CBW are on 100kHz channel raster, but with odd/even or even/odd PRB numbers, it is not possible to assign such a UE specific CBW within the wider BS CBW.
(4) Case 1-4: SIB1 carrier is on 100kHz with an even number of PRBs, and UE specific CBW with an even number of PRBs
[image: ]
Fig. 4, Case 1-4
This case is similar to Case 1-1, which requires the distance between two centers as integer times of 5 PRBs.
Observation 2: For Case 1-1 and Case 1-4 where both BS and UE specific CBW are on 100k channel raster and have odd/odd, or even/even number of PRBs, the distance between centers of BS and UE carriers must be integer times of 5 PRBs.
(5) Case 2-1: SIB1 carrier is off 100kHz with an odd number of PRBs, and UE specific CBW with an odd number of PRBs
[image: ]
Fig. 5, Case 2-1
Let fc denote the center of SIB1 carrier, then in this case we can obtain the following equation as illustrated in Fig. 5:

It indicates that although SIB1 carrier can be off-100k raster point, it is still required that the center of SIB1 carrier should be on a 20kHz grid.

(6) Case 2-2: SIB1 carrier is off 100kHz with an even number of PRBs, and UE specific CBW with an odd number of PRBs
[image: ]
Fig. 6, Case 2-2
In the case, we can obtain the following equation as illustrated in Fig. 6:

It indicates that although SIB1 carrier can be off-100k raster point, it is still required that the center of SIB1 carrier should be on a 10kHz grid.
(7) Case 2-3: SIB1 carrier is off 100kHz with an odd number of PRBs, and UE specific CBW with an even number of PRBs
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Fig. 7, Case 2-3
This case is quite similar to Case 2-2. The center of SIB1 carrier should be on a 10kHz grid.
Observation 3: For Case 2-2 and 2-3 where SIB1 carrier is off 100kHz channel raster, but with odd/even or even/odd PRB numbers for SIB1 and UE specific CBW, the center of SIB1 carrier should be on a 10kHz grid.
(8) Case 2-4: SIB1 carrier is off 100kHz with an even number of PRBs, and UE specific CBW with an even number of PRBs
[image: ]
Fig. 8, Case 2-4
This case is similar to Case 2-1.
Observation 4: For Case 2-1 and 2-4 where SIB1 carrier is off 100kHz channel raster, but with odd/odd or even/even PRB numbers for SIB1 and UE specific CBW, the center of SIB1 carrier should be on a 20kHz grid.
The following table summarizes the limitations for different cases, even when SIB1 carrier is off-100kHz channel raster.
Table – 1 Limitations under legacy channel raster
	UE specific CBW/SIB1
	SIB1 carrierBandwith on 100kHz raster
	SIB1 carrierBandwidth off 100kHz raster

	
	SIB1 carrierBandwidth with an odd number of PRBs
	SIB1 carrierBandwidth with an even number of PRBs
	SIB1 carrierBandwidth with an odd number of PRBs
	SIB1 carrierBandwidth with an even number of PRBs

	UE specific CBW with an odd number of PRBs
	Case 1-1: The distance between the centers of SIB1 carrier and UE specific CBW should be integer times of 5 PRBs 
	Case 1-2: Not possible
	Case 2-1: The center of SIB1 carrier should be a 10kHz grid.
	Case 2-2: The center of SIB1 carrier should be a 20kHz grid.

	UE specific CBW with an even number of PRBs
	Case 1-3: Not possible
	Case 1-4: The distance between the centers of SIB1 carrier and UE specific CBW should be integer times of 5 PRBs
	Case 2-3: The center of SIB1 carrier should be a 20kHz grid.
	Case 2-4: The center of SIB1 carrier should be a 10kHz grid.



From this table, we could see clearly that in order to guarantee that a legacy UE can be assigned with a specific CBW within a wider BS channel, the center of SIB1 carrier should be on a 10kHz grid if it is off 100kHz channel raster.
Proposal 1: In order to guarantee that a legacy UE can be assigned with a specific CBW within a wider BS channel, the center of SIB1 carrier should still be on a 10kHz grid if it is off 100kHz channel raster.
2.2 Channel raster enhancement  
According to the latest agreed WF [1], there are two approaches with different variations for the channel raster enhancement, as illustrated in the following table:
	Approach
	Variation
	Options / contents
	Note

	Approach #1 to specify a new channel raster
	New channel raster step size
	Option 1: 5kHz
	

	
	
	Option 2: 10kHz
	

	
	
	Option 3: 50kHz
	

	
	New channel raster applicability for gNB or UE
	Specified for both gNB and UE
	

	
	Applicable bands
	All bands below 3GHz that currently have 100kHz channel raster
	

	Approach #2 NOT to specify a new channel raster
	Alt. #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.
[bookmark: _Hlk141390880]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;
	

	
	Alt. #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.)
	



Approach #1
As discussed in Section 2.1, if a SIB1 carrier is off-100kHz channel raster, and it is still required to provide service to legacy UEs, then the new channel raster should be on a 10kHz grid, i.e., step size is 10kHz, and apparently 50kHz cannot guarantee a legacy UE is able to access a SIB1 carrier on a new channel raster entry. Moreover, 5kHz is unnecessarily dense since 10kHz is sufficient, hence, Option 2 is the way to go if RAN4 agrees to introduce a new channel raster.
Another issue with the introduction of new channel raster is the nominal channel spacing. The current nominal channel spacing is specified based on a 100kHz channel raster, thus if a new channel raster is introduced, accordingly a new nominal channel spacing should be specified for the carriers on the new channel raster, as Fig. 9 illustrates.
[image: ]
Fig. 9, new nominal channel spacing for the new channel raster
Proposal 2: If RAN4 agrees to introduce a new channel raster, then the step size should be 10kHz, and a new nominal channel spacing should be specified for the carriers on the new channel raster.
Approach #2
· Alt. #1: the proposed clarification in Section 5.4.2.2 and allowing the use of the RRC specification for configuring the UE with locations of the UE-specific channel BW within a wider cell-specific bandwidth seem not sufficient, because it is still ambiguous which channel raster the UE specific CBW should follow.
· Alt. #3: this alternative can work with a minimum specs impact.
[bookmark: _Hlk141391287]If RAN4 agrees not to introduce a new channel raster, then Approach #2 – Alt. #3 could be a solution with a minimum spec impact.
[bookmark: OLE_LINK1]Proposal 3: If RAN4 agrees not to introduce a new channel raster, then Approach #2 – Alt. #3 could be a solution with a minimum spec impact.

3. Conclusion
In this contribution we have the following observations and proposals for the channel raster enhancement for TN:
Observation 1: For Case 1-2 and 1-3 where both BS and UE CBW are on 100kHz channel raster, but with odd/even or even/odd PRB numbers, it is not possible to assign such a UE specific CBW within the wider BS CBW.
Observation 2: For Case 1-1 and Case 1-4 where both BS and UE specific CBW are on 100k channel raster and have odd/odd, or even/even number of PRBs, the distance between centers of BS and UE carriers must be integer times of 5 PRBs.
Observation 3: For Case 2-2 and 2-3 where SIB1 carrier is off 100kHz channel raster, but with odd/even or even/odd PRB numbers for SIB1 and UE specific CBW, the center of SIB1 carrier should be on a 10kHz grid.
Observation 4: For Case 2-1 and 2-4 where SIB1 carrier is off 100kHz channel raster, but with odd/odd or even/even PRB numbers for SIB1 and UE specific CBW, the center of SIB1 carrier should be on a 20kHz grid.
Proposal 1: In order to guarantee that a legacy UE can be assigned with a specific CBW within a wider BS channel, the center of SIB1 carrier should still be on a 10kHz grid if it is off 100kHz channel raster.
Proposal 2: If RAN4 agrees to introduce a new channel raster, then the step size should be 10kHz, and a new nominal channel spacing should be specified for the carriers on the new channel raster.
Proposal 3: If RAN4 agrees not to introduce a new channel raster, then Approach #2 – Alt. #3 could be a solution with a minimum spec impact.
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