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1. Background
In RAN4#84bis, a WF was agreed on the channel raster for NR with the following agreements and one open issue on RB/subcarrier location with multiple numerolgoies [1].
· Raster to subcarrier position mapping
· Raster points to the center of the channel 
· SC#0 of RB# NRB/2 for even number of RBs
· SC#6 of RB# floor(NRB/2)for odd number of RBs
· How the UE determines the RB placement for different numerologies is FFS 
For the alignment of PRBs with different numerologies, RAN1#88bis has further agreed that:
· Subcarrier grid in NR is Alt.1, i.e., “Assuming the subcarriers in a PRB are numbered from 0 to 11, for a given SCS F0, subcarrier 0 always coincide with a subcarrier 0 of all SCS of order less than F0.”
In this contribution, we propose a new scheme for channel raster to subcarrier mapping in order to resolve the issues which are identified by our companion paper [4].
2. Discussion
In our companion paper [4], invalidity of the current RAN4 agreement on raster-to-subcarrier mapping is identified in some cases:
1) In the case of two valid numerologies, the current RAN4 agreement on raster-to-subcarrier mapping is not valid for the higher SCS if both numbers of PRBs are odd.
2) In the case of three valid numerologies, the invalidity can be summarized as the following table:
Table 1 Invalidity on raster-to-subcarrier for three numerologies
	Case
	Notes

	(Even, Odd, Even)
	SC#3 @ 60kHz SCS for even RB#

	(Even, Odd, Odd)
	SC#3 @60kHz SCS for odd RB#

	(Odd, Even, Even)
	SC#3 @30kHz SCS for even RB#
No valid SC @60kHz SCS for even RB#

	(Odd, Odd, Odd)
	SC#3 @30kHz SCS for odd RB#
No valid SC @60kHz SCS for odd RB#



Actually the current RAN4 agreement on raster-to-subcarrier mapping only takes into account the symmetry of one single numerology and does not really consider the PRB alignment specified by RAN1, as shown in Fig. 1, where green arrows correspond to the case if the PRB number is odd, and the red arrows if the PRB number is even. Clearly there is no need to introduce a reference numerology for UE to determine the PRB placement.
Proposal 1:  No need to specify which numerology is the reference numerology for UE to determine the PRB placement
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Figure 1. The current RAN4 agreement on raster-to-subcarrier mapping
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Figure 2. Proposed raster-to-subcarrier mapping for two valid numerologies
By taking into account the related RAN1 agreement, what we need to do is just to extend the green and red arrows from the smallest to highest numerology, as illustrated in Fig. 2 and 3 for two and three numerologies respectively. 
In Fig. 2, there are one green arrow and two red arrows. Whether green or red depends on the parity characteristics of PRB number at the lower numerology. If it is an odd number, then the green arrows apply, which means (SC#6, SC#3) of the central RB points to the channel raster for the lower and higher SCS respectively. Otherwise, if the number of PRB of the higher SCS is odd, the solid red line applies, otherwise the dashed red line applies. This can be summarized as the following table:
Table 2 Proposed raster-to-subcarrier mapping for two valid numerologies
	Parity characteristics of RB#
	Notes

	(Even, Even)
	(SC#0, SC#0) of the central RB

	(Even, Odd)
	(SC#0, SC#6) of the central RB

	(Odd, Even)
	(SC#6, SC#3) of the central RB

	(Odd, Odd)
	



Proposal 2: For these combinations of channel bandwidth and supported SCS with two valid numerologies, RAN4 specifies raster-to-subcarrier mapping according to Table-2.
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Figure 3,  Proposed raster-to-subcarrier mapping for three valid numerologies
In Fig. 3, there are four arrows with one green and three red arrows. Similarly the parity characteristics of the number of PRB with the lowest SCS determines the color. If it is odd, then (SC#4, SC#2, SC#1) of the central RB is mapped to the channel raster for SCS 15/30/60kHz respectively. Otherwise we need to check the parity characteristics of the number of RBs for the middle SCS as shown in Table 3.
Table 2 Proposed raster-to-subcarrier mapping for two valid numerologies
	Parity characteristics of RB#
	Notes

	(Even, Even, Even)
	(SC#0, SC#0, SC#0) of the central RB

	(Even, Even, Odd)
	(SC#0, SC#0, SC#6) of the central RB

	(Even, Odd, Even)
	(SC#0, SC#6, SC#3) of the central RB

	(Even, Odd, Odd)
	

	(Odd, Even, Even)
	(SC#4, SC#2, SC#1) of the central RB

	(Odd, Even, Odd)
	

	(Odd, Odd, Even)
	

	(Odd, Odd, Odd)
	



Proposal 3: For these combinations of channel bandwidth and supported SCS with three valid numerologies, RAN4 specifies raster-to-subcarrier mapping according to Table 3.
3. Conclusions
Based on the above discussions, we have the following proposals on raster-to-subcarrier mapping:
Proposal 1:  No need to specify which numerology is the reference numerology for UE to determine the PRB placement
Proposal 2: For these combinations of channel bandwidth and supported SCS with two valid numerologies, RAN4 specifies raster-to-subcarrier mapping according to Table-2.
Proposal 3: For these combinations of channel bandwidth and supported SCS with three valid numerologies, RAN4 specifies raster-to-subcarrier mapping according to Table 3.
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