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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 identify some issues on the raster-to-subcarrier mapping and propose RAN4 to revisit the related agreement.
2. Discussion
In previous RAN4 WG meetings, spectrum utilization for different combinations of channel bandwidth and SCS was agreed by assuming symmetric placement of PRBs [2] [3]:
Table 1 Spectrum utilization in FR1
	SCS [kHz]
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	189
	217
	[245]
	273

	60
	N.A
	11
	18
	24
	31
	38
	51
	65
	79
	[93]
	107
	[121]
	135



Table 2 Spectrum utlization for FR2
	SCS [kHz] 
	50MHz 
	100MHz 
	200MHz 
	400 MHz 

	
	NRB 
	NRB 
	NRB 
	NRB 

	60 
	66 
	132 
	264 
	N.A 

	120 
	32 
	66 
	132 
	264 



In this section, we discuss further on PRB placement for different numerologies based on above agreements by looking into two and three different numerologies respectively.
2.1 PRB placement for two numerologies
If we look at the cases with only two valid numerologies in both table 1 and table 2, the parity characteristics of the number of PRBs for different SCSs could be denoted as (x,y) in terms of either odd or even number, where x, y correspond to two different SCSs respectively.
[image: ]
Figure 1. Possible change of PRB numbers for two numerologies
(Even, Even) – CBW 50/100/200MHz @ FR2
For these channel bandwidths at FR2, the channel raster is mapped to SC#0 of NRB/2, thus the current RAN4 agreement holds.
(Even, Odd) – CBW 60MHz @ FR1
For channel bandwidth of 60MHz at FR1, the number of PRBs for SCS 30/60kHz is 162 and 79 respectively. And the channel raster is mapped:
· SC#0 of RB# NRB/2 for even number of PRBs
· SC#6 of RB# floor(NRB/2) for odd number of PRBs
The RAN4 agreement holds.
(Odd, Even) – Not defined yet
This case is not defined yet until now.
(Odd, Odd) – CBW 5/70/80/[90]/100MHz @ FR1
For channel bandwidths at FR1, the channel raster is mapped to:
· SC#6 of RB# floor(NRB/2) with the lower SCS
· SC#3 of RB# floor(NRB/2) with the higher SCS as shown in Figure 2.
The current RAN4 agreement does not hold for the higher SCS.
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Figure 2 Channel raster to subcarrier mapping in two numerologies. 
Observation 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.

2.2 PRB placement for three numerologies
If we look at the cases with three valid numerologies in table 1, the parity characteristics of the number of PRBs for different SCSs could be denoted as (x,y,z) in terms of either odd or even number, where x, y and z correspond to SCS 15kHz, 30kHz, and 60kHz respectively. Similarly we could have the following observations.
(Even, Even, Even) – CBW 30MHz@FR1
For CBW 30MHz, the PRB numbers for SCS 15/30/60kHz are 160, 78 and 39 respectively.
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Figure 3. (Even, Even, Even)
In this case, it is fine to map the channel raster to SC#0 of RB number NRB/2. The RAN4 agreement holds.
(Even, Even, Odd) – CBW 10MHz, 40MHz@FR1
For CBW 10MHz, PRB numbers are 52, 24, 11 for SCS 15/30/60kHz respectively.
For CBW 40Mhz, PRB numbers are 216, 106, 51 for SCS 15k/30/60kHz respectively.
[image: ]
Figure 4. (Even, Even, Odd)
In this case, it is fine to map the channel raster to 
· 	SC#0 of RB# NRB/2 for even number of RBs
· 	SC#6 of RB# floor(NRB/2)for odd number of RBs
The RAN4 agreement holds.
(Even, Odd, Even) – CBW 20MHz@FR1
For CBW 20MHz, PRB numbers are 106, 51, 24 for SCS 15/30/60kHz respectively.
[image: ]
Figure 5. (Even, Odd, Even)
The above two diagrams shown in Fig. 5 are equivalent in terms of symmetry. The difference is that either lower end or high end in the channel has a smaller guard band. The current RAN4 agreement uses left diagram which means lower edge has lower guard band.
In this case, the channel raster is mapped to:
· SC#0 of RB# NRB/2 for even number of RBs with 15kHz SCS
· SC#3 of RB# NRB/2 for even number of RBs with 60kHz SCS
· SC#6 of RB# floor(NRB/2)for odd number of RBs
RAN4 agreement is not valid for the even number of of RBs with 60kHz SCS.
(Even, Odd, Odd) – CBW 50MHz@FR1
For CBW 50MHz, PRB numbers are 270, 133, 65 for SCS 15/30/60kHz respectively.
[image: ]
Figure 6. (Even, Odd, Odd)
In this case, the channel raster is mapped to:
· SC#0 of RB# NRB/2 for even number of RBs
· SC#6 of RB# floor(NRB/2)for odd number of RBs with 30kHz SCS
·  SC#3 of RB# floor(NRB/2)for odd number of RBs with 60kHz SCS
RAN4 agreement is not valid for the odd number of of RBs with 60kHz SCS.
(Odd, Even, Even) – CBW 15MHz@FR1
For CBW 15MHz, PRB numbers are 79, 38, 18 for SCS 15/30/60kHz respectively.
[image: ]
Figure 7.  (Odd, Even, Even)
In this case, the channel raster is mapped to:
· SC#3 of RB# NRB/2 for even number of RBs with 30kHz SCS
· SC#6 of RB# floor(NRB/2)for odd number of RBs
· Channel raster points to an invalid SC for 60kHz SCS as shown in Fig. 8.
[image: ]
Figure 8. No valid SC mapped to channel raster for SCS 60kHz
RAN4 agreement is not valid for some even number of of RBs and no valid position may be found.
(Odd, Even, Odd) – CBW no defined yet@FR1
(Odd, Odd, Even) – CBW no defined yet@FR1
(Odd, Odd, Odd) – CBW 25MHz@FR1
For CBW 25MHz, PRB numbers are 133, 65, 31 for SCS 15/30/60kHz respectively.
[image: ]
Figure 9. (Odd, Odd, Odd)
In this case, the channel raster is mapped to:
· SC#6 of RB# floor(NRB/2)for odd number of RBs with SCS 15kHz
· SC#3 of RB# floor(NRB/2)for odd number of RBs with SCS 30kHz 
· Channel raster points to an invalid SC for 60kHz SCS as shown in Fig. 8.
RAN4 agreement is not valid for some odd number of of RBs.
The invalidity can be summarized as the following table:
Table 3 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#



Observation 2: In the case of three valid numerologies, the current RAN4 agreement on raster-to-subcarrier mapping is not valid in the cases summarized in Table 3.
Therefore, we propose to revisit the agreement on raster-to-subcarrier mapping.
Proposal 1:  RAN4 revisit the agreement on raster-to-subcarrier mapping.

3. Conclusions
Based on the above discussions, we have the following observation and proposals on PRB placement for multiple numerologies:
Observation 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.
Observation 2: In the case of three valid numerologies, the current RAN4 agreement on raster-to-subcarrier mapping is not valid in the cases summarized in Table 3.
Proposal 1:  RAN4 revisit the agreement on raster-to-subcarrier mapping.
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