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1. Background
According to the first release of NR specs, the mapping between the RF reference frequency on the channel raster and the corresponding resource element is given in table 5.4.2.2-1 in TS 38.104 v 1.0.0 [1]:
Table 5.4.2.2-1: Channel Raster to Resource Element Mapping
	

	

	


	
Resource element index 
	0
	6

	
Physical resource block number 

	

	






Where ,  ,  are as defined in 3GPP TS 38.211 [2]. In principle, this method specifies that the centre of transmission bandwidth configuration points to the position of one channel raster.
For the case with multiple numerologies, some potential issues were discussed in RAN4#85 in Reno [3] [4], and in this contribution, we further discuss these potential issues and suggest corresponding possible changes in the specs.
2. Discussion
For the sake of simplicity, we can take 5MHz channel bandwidth as one example discussed here. According to TS 38.104 [1], for 15kHz SCS,  NRB = 25, and for 30kHz SCS, NRB = 11, and their PRB grids are illustrated in Fig. 1 according to the current specs.
[image: ]
Fig. 1, PRB grids for SCS 15kHz / 30kHz with CBW 5MHz according to the current specs
For the alignment of PRBs with different numerologies, the latest specification TS 38.211 specifies [2] 
Reference resource blocks are numbered from 0 and upwards in frequency. Subcarrier 0 of reference resource block 0 is common for all subcarrier configurations µ, also denoted as ‘reference point A’, and serves as a common reference point for other resource block grids. Reference point A is obtained from the higher-layer parameter
-	PRB-index-DL-common for a PCell downlink
-	PRB-index-UL-common for a PCell uplink
-	PRB-index-DL-Dedicated for an SCell downlink
-	PRB-index-UL-Dedicated for an SCell uplink
-	PRB-index-SUL-common for a supplementary uplink
where Common resource blocks is defined as:
Common resource blocks are numbered from 0 and upwards in the frequency domain for subcarrier spacing configuration µ . Subcarrier 0 of common resource block 0 for subcarrier spacing configuration µ  coincides with ‘reference point A’.
Fig. 2 shows two alternatives according to the above specification:
[image: ]
Fig. 2, PRB grids for SCS 15kHz/30kHz with CBW 5MHz according to RAN1 specs
Obviously, neither alternative 1 nor 2 for SCS 30kHz meets the current TS 38.104 in Fig. 2, therefore, we may have the following observation:
Observation 1: PRB grid of each individual numerology under the current specs on channel raster to resource element mapping may not fulfil the PRB alignment for multiple numerologies required by RAN1.
Comparatively it is more important to have aligned PRB grids in multiple numerologies. One simple way to solve this issue is to limit the current specs on SC-to-RE mapping to one single numerology, e.g., the least sub-carrier spacing for each channel bandwidth, labelled as “reference numerology”, and the reference point A is defined as sub-carrier #0 of its common RB #0 in this numerology, and for the other numerologies for the same channel bandwidth, apply RAN1 rule on the PRB alignment requirement.
Proposal 1: Specify the numerology with the least sub-carrier spacing for each channel bandwidth as the reference numerology, and subcarrier #0 of its common RB #0 as “reference point A”, and apply the current TS 38.104 on channel raster to resource element mapping only to the reference numerology, and for the other numerologies for the same channel bandwidth, apply the PRB alignment requirement set by RAN1.
[bookmark: _GoBack]As shown in Fig. 2, there may be two different alternatives for derivative numerology SCS 30kHz by applying RAN1 rules for PRB alignment for multiple numerologies. In this example, only Alt 1 can fulfil the minimum guardband requirement, therefore UE can determine the PRB placements in this case. In case if both alternatives can fulfil the minimum guard band requirement, RAN4 specifies the alternative with better symmetry as the allowed placement. Furthermore, in case both alternatives have equal symmetry, RAN4 specifies the alternative with a smaller guard band at the lower frequency edge as the allowed placement. By doing this, there is no ambiguity for UE to determine the PRB placements for multiple numerologies.
Proposal 2: Under proposal 1, UE can determine the PRB placements for multiple numerologies by specifying the alternative with best symmetry, or the alternative with a smaller guard band at the lower frequency edge in case of multiple alternatives with equal symmetry, as the allowed PRB placements for multiple numerologies.
Under the above proposals, there is no need to introduce any extra signalling for UE to determine the PRB placements for multiple numerologies.
Proposal 3: Under proposal 1 and 2, there is no need to introduce any extra signalling for UE to determine the PRB placements for multiple numerologies.

3. Conclusions
Based on the above discussions, we have the following observation and proposals on raster-to-subcarrier mapping for multiple numerologies:
Observation 1: PRB grid of each individual numerology under the current specs on channel raster to resource element mapping may not fulfil the PRB alignment for multiple numerologies required by RAN1.
Proposal 1: Specify the numerology with the least sub-carrier spacing for each channel bandwidth as the reference numerology, and subcarrier #0 of its common RB #0 as “reference point A”, and apply the current TS 38.104 on channel raster to resource element mapping only to the reference numerology, and for the other numerologies for the same channel bandwidth, apply the PRB alignment requirement set by RAN1.
Proposal 2: Under proposal 1, UE can determine the PRB placements for multiple numerologies by specifying the alternative with best symmetry, or the alternative with a smaller guard band at the lower frequency edge in case of multiple alternatives with equal symmetry, as the allowed PRB placements for multiple numerologies.
Proposal 3: Under proposal 1 and 2, there is no need to introduce any extra signalling for UE to determine the PRB placements for multiple numerologies.
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