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1. Background
In the previous RAN4 meetings, PRB placements with mixed numerologies were discussed but no consensus has been reached [1][2][3][4].  In this contribution, we further clarify some terms related to PRB alignments for mixed numerologies and suggest corresponding possible changes in TS 38.104. 
2. Discussion
There are some important terms related to the PRB placement for both single and mixed numerologies according to TS 38.211 [6].
Reference resource blocks
Reference resource blocks are the resource blocks with SCS 15kHz for FR1 and SCS 60kHz for FR2.
Reference point A
Sub-carrier #0 of the reference resource block #0 is defined as ‘Reference point A’. Reference point A is configurable according to the following signalling:
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
Common resource blocks
Common resource blocks are defined for each numerologies.
Subcarrier #0 of common resource block #0 for subcarrier spacing configuration µ coincides with ‘reference point A’
Used resource blocks
The number of used resource blocks NRB is specified by RAN4 specs on the spectrum utilization. For example, for 5MHz channel bandwidth, NRB = 25 for SCS 15kHz, and NRB = 11 for SCS 30kHz according to TS 38.104 [5].
The start of the used resource blocks are signalled with an offset relative to “Reference point A” in a unit of PRB with the concerned numerology configuration.
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(a) Alt 1.
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(b) Alt. 2
Fig. 1, PRB grids for SCS 15kHz / 30kHz with CBW 5MHz according to TS 38.211 [6]
Fig.1 shows two alternatives which both meet the requirement of TS 38.211. 
Two configurable parameters “Reference point A” and “offset of the used resource blocks” flexibly determine the placement of the used resource blocks for a SCS configuration.
Observation 1: There are two configurable parameters “Reference point A” and “offset of the used resource blocks” which determine the placement of the used resource blocks for a SCS configuration in a flexible way.
From RAN4 perspective, the channel raster to resource element mapping should only apply to the same SCS configuration as the reference resource blocks. That is to say, the choice of “Reference point A” and the offset of the used resource blocks with the same SCS configuration as the reference resource blocks should enable the channel raster mapped to the centre of the used resource blocks. And for other SCS configurations, the choice of the used resource blocks from the corresponding common resource blocks should fulfil the minimum guardband requirements.
Proposal 1: The choice of “Reference point A” and the offset of the used resource blocks with the same SCS configuration as the reference resource blocks should enable the channel raster mapped to the centre of the used resource blocks. And for other SCS configurations, the choice of the used resource blocks from the corresponding common resource blocks should fulfil the minimum guardband requirements.
With proposal 1, sections related to channel raster to resource element mapping in TS 38.104 should be updated accordingly.
Proposal 2: Update channel raster to resource element mapping and RB alignment in TS 38.104 accordingly.

3. Conclusions
Based on the above discussions, we have the following observation and proposals on raster-to-subcarrier mapping for multiple numerologies:
Observation 1: There are two configurable parameters “Reference point A” and “offset of the used resource blocks” which determine the placement of the used resource blocks for a SCS configuration in a flexible way.
Proposal 1: The choice of “Reference point A” and the offset of the used resource blocks with the same SCS configuration as the reference resource blocks should enable the channel raster mapped to the centre of the used resource blocks. And for other SCS configurations, the choice of the used resource blocks from the corresponding common resource blocks should fulfil the minimum guardband requirements.
[bookmark: _GoBack]Proposal 2: Update channel raster to resource element mapping and RB alignment in TS 38.104 accordingly.
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