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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1 NR-AH#2, following agreements had been made on PRB indexing [1].
Agreements:
· Common PRB indexing is supported
· The indexing is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs.
· The indexing is with respect to the reference point
· The indexing is with respect to a given numerology
· Note: Example usage of common PRB indexing is for scheduling group common PDSCH, RS sequences, BWP configurations, etc.
· UE-specific PRB indexing is supported
· It is indexed per BWP with respect to the configured SCS for the BWP
· Note: Example usage of UE-specific indexing is for scheduling UE-specific PDSCH
In RAN1 NR-AH#2, following agreements had been made on RBG size/number determination [1].
Agreements:
· For PDSCH/PUSCH, the RBG size/number can be changed along with the change of the BWP used for resource allocation.
· FFS: If one or multiple of following option(s) is/are also used for RBG size/number determination:
· Opt.1: Semi-statically configured size of Type0 RA bitmap
· Number and size of RBGs for a RA is determined based on size of BWP and the size of the bitmap
· Opt.2: Semi-statically configured RBG size(s) per BWP for deriving number of RBGs.
· Number of RBGs in the BWP is determined by size if the BWP and the configured/indicated RBG size(s).
· FFS: Dynamic switching of RBG size(s).
· Opt.3: DCI format/DCI format size (e.g. a compact DCI may be with a larger RBG size than a normal DCI).
· Opt.4: Transmission durations (e.g. a shorter-duration transmission may be with a larger RBG size than a longer one).
· Opt.5: RBG size is determined depending on the size of the BWP.
· Other options are not precluded.
This contribution first discusses PRB grid determination in Section 2. Section 3 discusses the RBG size/number determination.
PRB grid determination
In LTE, RB grid is determined from SS block (that is centre of carrier). On the other hand, NR can have multiple SS blocks which are not always located in the centre of NR carrier. Therefore, RB grid can be determined independently from SS block.
To determine RB grid needs to take into account channel raster, SS block bandwidth, SS block raster, and SS block subcarrier spacing.
1) Channel raster:  RAN4 is discussing 100 kHz and RB based raster such as180 kHz for sub 6GHz in LTE band and [720 kHz] for above 24 GHz [2]. 
2) SS block: To have multiple SS blocks in a carrier is beneficial for the support of narrower bandwidth UEs and different operating frequency range among neighbour cells. SS blocks are not always the centre of NR carrier. There are cases that SS block and channel raster are aligned or not aligned. 
3) SS block raster: Regardless of SS blocks are aligned or not aligned with channel raster, SS block raster candidates need to be considered (i.e., based on 100 kHz, multiple of subcarrier spacing and/or RB size).
Following 4 possibilities are identified on channel raster and SS block relationship. In the following, SS block of multiple of PRB size such as 6 RBs of SS subcarrier spacing is assumed. Our understanding is RAN4 will determine which possibility is taken (i.e., channel raster, SS block raster, numerology of SS block, and so on).

Table1 4 possibilities of channel raster and SS block relationship
	
	SS block and channel raster
	Raster value
	Example of raster values

	Possibility 1
	Aligned
	not multiple of subcarrier spacing
	100 kHz

	Possibility 2
	Aligned
	multiple of subcarrier spacing and RB size
	180 kHz and 720 kHz

	Possibility 3
	Not aligned
	not multiple of subcarrier spacing and RB size
	100 kHz

	Possibility 4
	Not aligned
	multiple of subcarrier spacing and RB size
	180 kHz and 720 kHz



For PRB grid determination, following two options could be considered.
· Option 1: PRB grid is defined from centre of wideband NR carrier.
· Option 2: PRB grid is defined from SS block
Now we discuss the relation of 4 possibilities and 2 options in order to determine RB grid.
Possibility 1 with Option 1: SS block may not be aligned to PRB grid as shown in Fig.1 (a). In this case, “where is centre of NR carrier” or “offset from RB boundary” should be indicated by SS block to determine PRB grid. 
Possibility 1 with Option 2: Fractional RB could be generated around the edges of NR carrier as shown in Fig.1 (b). In addition, if there are multiple SS blocks within a NR carrier, which SS block is the reference for PRB grid should be considered. 
Therefore, for possibility 1, option 1 is reasonable and “where is centre of NR carrier” or “offset from RB boundary” should be indicated by SS block.
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(a) Possibility 1 with Option 1
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(b) Possibility 1 with Option 2
Fig.1 Possibility 1

For possibility 2, both option 1 and option 2 can be same PRB grid structure within a NR carrier as shown in Fig.2. In this case, PRB grid is defined from either SS block or centre of wideband NR carrier.

[image: ]
Fig.2 Possibility 2

For possibility 3, if PRB grid is defined from centre of wideband NR carrier and SS block is aligned to PRB grid as shown in Fig.3, there is offset between SS block and raster. In this case, PB grid could be defined from either SS block or centre of wideband NR carrier. On the other hand, the offset from raster should be indicated by SS block. It is same as NB-IoT.
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Fig.3 Possibility 3

For possibility 4, if SS block is aligned to PRB grid, both option 1 and option 2 can be same PRB grid structure within a NR carrier and the outcome could be the same as possibility 2.
Although which possibility is taken is RAN4 decision, our view is following.
· For sub 6 GHz, if 100 kHz raster is used, possibility 3 like design (and NB-IoT like design) would be reasonable. If RB based raster such as 180 kHz raster is chosen in RAN4, possibility 2 like design is possible. Possibility 1 would also be required at least for LTE-NR co-existence case.
· For above 24 GHz, if 720 kHz raster is used, possibility 2 like design is reasonable.

If the indication of PRB determination information by SS block is necessary, the reduction of payload size of PBCH should be considered.

Proposal 1: Following relations are considered in order to determine RB grid.
	
	SS block and channel raster
	Raster value
	Example of raster values
	How to determine RB grid

	Possibility 1
	Aligned
	not multiple of subcarrier spacing
	100 kHz
	PRB grid is defined from centre of wideband NR carrier and “where is centre of NR carrier” or “offset from RB boundary” should be indicated by SS block.

	Possibility 2
	Aligned
	multiple of subcarrier spacing and RB size
	180 kHz and 720 kHz
	PRB grid can be defined from either SS block or centre of wideband NR carrier.

	Possibility 3
	Not aligned
	not multiple of subcarrier spacing and RB size
	100 kHz
	PRB grid can be defined from either SS block or centre of wideband NR carrier but the offset from raster should be indicated by SS block.

	Possibility 4
	Not aligned
	multiple of subcarrier spacing and RB size
	180 kHz and 720 kHz
	PRB grid can be defined from either SS block or centre of wideband NR carrier but the offset from raster should be indicated by SS block.



PRB grid boundary for mixed numerology
If only single numerology is used for control, data, and SS block, to know RB grid for the numerology would be sufficient. On the other hand, issue is how to define PRB boundary for mixed numerology. If mixed numerology or different numerology as SS block is considered, to know the reference point of the nested manner RB grid is required. It could also be indicated from SS block. In addition, such reference point could be used as the reference point of common PRB indexing.
If nested manner for all possible numerology in a band is assumed, reference point of all numerologies needs to be defined. If reference point is the centre of NR carrier, the frequency resource usage is equal manner to upper frequency and lower frequency. The other candidate is the reference point is one side edge of the band. Then, the other side of the band is not utilized. The reference point can be anywhere is also possible design option.
If reference point is the centre of NR carrier, there are two options, i.e. the reference point is actual centre of NR carrier or around centre of NR carrier. If the number of PRBs is odd number, actual centre is middle of PRB. If the edge of PRB can be the candidate of DC position, regardless of even or odd PRB, actual centre should be located in this subcarrier. If odd number to use half PRB offset to actual centre, DC candidate is moved to in the middle of PRB or DC candidate is still located in the edge of PRB. In this case, nested manner itself is not broken but the reference of the nested manner is half PRB shift from the centre as shown in Fig.4. This half PRB shift should not be for all numerologies but one of numerologies. If half PRB shift is applied to all numerologies, nested manner of PRB grid is broken as shown in Fig.5.
If where is reference point itself is indicated from SS block, candidate 3 (reference of the nested manner can be anywhere) would be sufficient and it also can handle odd or even PRB issue.
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Fig.4 The reference of the nested manner is half PRB shift from the centre
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Fig.5 Half PRB shift is applied to all numerologies.

Proposal 2: For mixed numerology or different numerology as SS block, to know the reference point of the nested manner RB grid is required. It could also be indicated from SS block. Such reference point could be used as the reference point of common PRB indexing.
RBG size/number determination
In order to reduce the control signaling overhead, resource allocation for UE-specific data scheduling should be based on UE-specific PRB indexing, which is indexed per BWP with respect to the configured SCS for the BWP. In this case, the parameters of resource allocation such as RBG (not only for RBG but also PRG, CSI subband, and SRS subband) for configured BWP should be carefully designed for efficient resource utilization. If RBG size is based on BWP bandwidth and size of the bitmap (Opt.1 in the above agreement), the same DCI size can be kept. On the other hand, if RBG size is based on BWP bandwidth and size of bitmap, RBG size might be different between NB, CA, or wideband UEs, which results in inefficient resource utilization. Therefore, some alignment of RBG size or configurability (such as Opt.2) would be necessary for UE-specific BWP operation. In order to keep the same DCI size, padding bits can be added.

Proposal 3: Some alignment or configurability of the parameters of resource allocation (such as RBG, PRG, CSI subband, and SRS subband) should be necessary for BWP operation.

Conclusion
In this contribution, we discussed PRB grid determination and PRG size/number determination. We have the following proposals:
Proposal 1: Following relations are considered in order to determine RB grid.
	
	SS block and channel raster
	Raster value
	Example of raster values
	How to determine RB grid

	Possibility 1
	Aligned
	not multiple of subcarrier spacing
	100 kHz
	PRB grid is defined from centre of wideband NR carrier and “where is centre of NR carrier” or “offset from RB boundary” should be indicated by SS block.

	Possibility 2
	Aligned
	multiple of subcarrier spacing and RB size
	180 kHz and 720 kHz
	PRB grid can be defined from either SS block or centre of wideband NR carrier.

	Possibility 3
	Not aligned
	not multiple of subcarrier spacing and RB size
	100 kHz
	PRB grid can be defined from either SS block or centre of wideband NR carrier but the offset from raster should be indicated by SS block.

	Possibility 4
	Not aligned
	multiple of subcarrier spacing and RB size
	180 kHz and 720 kHz
	PRB grid can be defined from either SS block or centre of wideband NR carrier but the offset from raster should be indicated by SS block.



Proposal 2: For mix mixed numerology or different numerology as SS block, to know the reference point of the nested manner RB grid is required. It could also be indicated from SS block.
Proposal 3: Some alignment or configurability of the parameters of resource allocation (such as RBG, PRG, CSI subband, and SRS subband) should be necessary for BWP operation.
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