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Introduction
During the discussion for the Efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths Study Item, there has been discussion about if the BWPs and UE specific channel bandwidths must be centered on the 100 kHz raster for bands that use the 100 kHz raster. RAN4 is supposed to focus on the open issues like this one at RAN4#104bis-e. This discussion paper provides some background, observations and proposals for resolving the issue. 
Discussion
LTE uses a 100 kHz raster for aligning the center frequency of the channels. To allow for Dynamic Spectrum Sharing between LTE and NR, many NR refarmed bands use the 100 kHz raster, or ΔFRaster to allow for alignment between the LTE PRBs and the NR PRBs. 
[bookmark: _Hlk115289564]Observation 1: Many NR refarmed bands used the 100 kHz raster so that LTE and NR PRBs align to allow PRB alignment for Dynamic spectrum sharing between LTE and NR.
[bookmark: _Hlk115270002]For channel bandwidths of 20 MHz and below, for the 15 kHz SCS, the 10, 15 and 20 MHz NR channel bandwidths have more PRBs than the equivalent LTE channel bandwidth, but if the number of LTE PRBs for a given channel bandwidth is odd, the number of 15 kHz NR PRBs is odd, and if the number of LTE PRBs is even, the number of 15 kHz NR PRBs is even, which also enables PRB alignment. 
Table 1 LTE vs. NR PRBs
	Channel bandwidth BWChannel [MHz]
	5
	10
	15
	20

	LTE Transmission bandwidth configuration NRB
	25
	50
	75
	100

	NR PRBs
	25
	52
	79
	106



Observation 2: For channel bandwidths of 20 MHz and below, if the number of LTE PRBs for a given channel bandwidth is odd, the number of 15 kHz NR PRBs is odd, and if the number of LTE PRBs is even, the number of 15 kHz NR PRBs is even, which also enables PRB alignment. 
In NR, the cell specific channel bandwidth broadcast in SIB1 is centered on the 100 kHz raster for bands that use the 100 kHz raster.
Observation 3: In NR, the cell specific channel bandwidth broadcast in SIB1 is centered on the 100 kHz raster for bands that use the 100 kHz raster.
In the Irregular Channel Bandwidth Study Item discussions in RAN4 there was a claim that BWPs and UE specific channel bandwidths must be centered on the 100 kHz raster. This was news to many delegates in RAN4, while other delegates felt it was obvious. We could not find a requirement documented that BPWs and UE specific channel bandwidths must be centered on the 100 kHz raster. 
Observation 4: 38.101-1 does not explicitly state if BWPs and UE specific channel bandwidths must be centered on the 100 kHz raster.
When UE specific channel BWs were introduced at RAN#82 [1], [2] there was no mention of the UE specific channel BWs needing to be centered on the 100 kHz raster.
Observation 5: When UE specific channel BWs were introduced at RAN#82 [RP-182482, RP-182896] there was no mention of the UE specific channel BWs needing to be centered on the 100 kHz raster.
Both BWPs and UE specific channel BWs are defined by offsetToCarrier (integer number of PRBs from PRB 0 of the cell specific channel), the subcarrierSpacing and carrierBandwidth (integer number of PRBs). From the CR in RP-182896:
[image: ]
Figure 1 Parameters for UE  specific channel bandwidths
Observation 6: Both BWPs and UE specific channel BWs are defined by offsetToCarrier (integer number of PRBs from PRB 0 of the cell specific channel), the subcarrierSpacing and carrierBandwidth (integer number of PRBs).
[bookmark: _Hlk115275025]Given the cell specific channel configuration broadcast in SIB1 is aligned with the 100 kHz channel raster, and the PRBs of the BWP or cell specific channel BWs will align with the PRBs of the cell specific channel BW, the PRBs of BWPs or UE specific carrier bandwidths will also be aligned with the LTE PRBs regardless even if the center frequency of the BWPs or UE specific channel BWs is not aligned with the 100 kHz raster.
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Figure 2 LTE and NR PRB alignment
Observation 7: Given the cell specific channel configuration broadcast in SIB1 is aligned with the 100 kHz channel raster, and the PRBs of the BWP or cell specific channel BWs will align with the PRBs of the cell specific channel BW, the PRBs of BWPs or UE specific carrier bandwidths will also be aligned with the LTE PRBs regardless of whether or not the center frequency of the BWPs or UE specific channel BWs are aligned with the 100 kHz raster.
There are a couple of issues if BWPs and UE specific channel bandwidths must be aligned with the 100 kHz raster for NR bands that use the 100 kHz raster.
Issue 1: If the BWP or UE specific channel bandwidth center frequencies must be located on the 100 kHz raster, the center frequencies can only be offset from the cell specific channel BW center frequency by and integer multiple of 900 kHz for 15 kHz SCS or 1.8 MHz for 30 kHz SCS so that the PRBs align (This would be inconvenient and inefficient, but manageable).
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Figure 3 BWPs not centered on the 100 kHz raster
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Description automatically generated]Figure 4 BWPs centered on the 100 kHz raster
Observation 8: If the BWP or UE specific channel bandwidth center frequencies must be located on the 100 kHz raster, the center frequencies can only be offset from the cell specific channel BW center frequency by and integer multiple of 900 kHz for 15 kHz SCS or 1.8 MHz for 30 kHz SCS so that the PRBs align (This would be inconvenient and inefficient, but manageable).
[bookmark: _Hlk115275332]Issue 2: The cell specific BW broadcast in SIB1 and the BWP or the UE specific BW must both have even or odd numbers of PRBs if both are required to be centered on the 100 kHz raster. If one is even and one is odd, the PRBs can never align if both center frequencies must be on the 100 kHz raster.
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Figure 5 Cell specific channel BW with even number of PRBs and BWP with odd number of PRBs
Observation 9: The cell specific BW broadcast in SIB1 and the BWP or the UE specific BW must both have even or odd numbers of PRBs if both are required to be centered on the 100 kHz raster. If one is even and one is odd, the PRBs can never align if both center frequencies must be on the 100 kHz raster.
It would be very limiting if the number of PRBs in the BWPs and UE specific channel BWs had to be even if the number of PRBs in the cell specific channel BW is even, and odd if the number of PRBs in the cell specific channel BW is odd since three of the channel BWs ≤ 50 MHz are odd and seven are even:
[image: ]
One use case for BWPs is to use a 20 MHz initial BWP for the channel bandwidths wider than 20 MHz that were added for bands like n25 and n66. If the channel BW broadcast in SIB1 was 25 MHz and the BWP and/or UE specific channel bandwidth were 20 MHz, because of observation 9 it would be impossible to both align the PRBs and have the BWP and/or UE specific channel bandwidth center frequencies on the 100 kHz raster.
Observation 10: Many combinations of SIB1 channel bandwidth and BWP and/or UE specific channel bandwidths would be impossible to configure if the BWP and/or UE specific channel bandwidth must be centered on the 100 kHz raster. 
The NR RedCap UE complexity reduction Study Item [3] has an objective to focus on “UE bandwidth reduction to 5MHz in FR1.” If BWPs and UE specific channel bandwidths must be centered on the 100 kHz raster, a 5 MHz BWP for supporting enhanced RedCap UEs would only be compatible with 15 and 25 MHz channel bandwidths for bands that use the 100 kHz raster. 
Observation 11: If BWPs and UE specific channel bandwidths must be centered on the 100 kHz raster, a 5 MHz BWP for supporting enhanced RedCap UEs would only be compatible with 15 and 25 MHz channel bandwidths for bands that use the 100 kHz raster.
Observation 12: It is important for RAN4 to clarify if BWPs and UE specific channel BWs must be centered on the 100 kHz raster for bands that use the 100 kHz raster
Proposal 1: RAN4 needs to reach consensus on if BWPs must be centered on the 100 kHz raster for bands that use the 100 kHz raster
If there is such a restriction, 
· The restriction should be documented in 38.101-1
· Chip/UE Vendors should make clear what the ramifications are of not abiding by that restriction when configuring BWPs and UE specific channel BWs 
· A solution to the problem of incapability of even/odd number of PRBs incompatibility is needed
· RAN4 should inform other working groups, such as RAN1 and RAN2 who are considering 5 MHz BWPs for RedCap
[bookmark: _Hlk110885892] Proposal 2: If there is a restriction that a BWP an/or UE specific channel BW must be centered on the 100 kHz raster, then
· The restriction should be documented in 38.101-1
· Chip/UE Vendors should make clear what the ramifications are of not abiding by that restriction when configuring BWPs and UE specific channel BWs
· A solution to the problem of incapability of even/odd number of PRBs incompatibility is needed
· RAN4 should inform other working groups, such as RAN1 and RAN2 who are considering 5 MHz BWPs for RedCap

Conclusion
Observation 1: Many NR refarmed bands used the 100 kHz raster so that LTE and NR PRBs align to allow PRB alignment for Dynamic spectrum sharing between LTE and NR.
Observation 2: For channel bandwidths of 20 MHz and below, if the number of LTE PRBs for a given channel bandwidth is odd, the number of 15 kHz NR PRBs is odd, and if the number of LTE PRBs is even, the number of 15 kHz NR PRBs is even, which also enables PRB alignment. 
Observation 3: In NR, the cell specific channel bandwidth broadcast in SIB1 is centered on the 100 kHz raster for bands that use the 100 kHz raster.
Observation 4: 38.101-1 does not explicitly state if BWPs and UE specific channel bandwidths must be centered on the 100 kHz raster.
Observation 5: When UE specific channel BWs were introduced at RAN#82 [RP-182482, RP-182896] there was no mention of the UE specific channel BWs needing to be centered on the 100 kHz raster.
Observation 6: Both BWPs and UE specific channel BWs are defined by offsetToCarrier (integer number of PRBs from PRB 0 of the cell specific channel), the subcarrierSpacing and carrierBandwidth (integer number of PRBs).
Observation 7: Given the cell specific channel configuration broadcast in SIB1 is aligned with the 100 kHz channel raster, and the PRBs of the BWP or cell specific channel BWs will align with the PRBs of the cell specific channel BW, the PRBs of BWPs or UE specific carrier bandwidths will also be aligned with the LTE PRBs regardless of whether or not the center frequency of the BWPs or UE specific channel BWs are aligned with the 100 kHz raster.
Observation 8: Issue 1: If the BWP or UE specific channel bandwidth center frequencies must be located on the 100 kHz raster, the center frequencies can only be offset from the cell specific channel BW center frequency by and integer multiple of 900 kHz for 15 kHz SCS or 1.8 MHz for 30 kHz SCS so that the PRBs align (This would be inconvenient and inefficient, but manageable).
Observation 9: Issue 2: The cell specific BW broadcast in SIB1 and the BWP or the UE specific BW must both have even or odd numbers of PRBs if both are required to be centered on the 100 kHz raster. If one is even and one is odd, the PRBs can never align if both center frequencies must be on the 100 kHz raster.
Observation 10: Many combinations of SIB1 channel bandwidth and BWP and/or UE specific channel bandwidths would be impossible to configure if the BWP and/or UE specific channel bandwidth must be centered on the 100 kHz raster. 
Observation 11: If BWPs and UE specific channel bandwidths must be centered on the 100 kHz raster, a 5 MHz BWP for supporting enhanced RedCap UEs would only be compatible with 15 and 25 MHz channel bandwidths for bands that use the 100 kHz raster.
Observation 12: It is important for RAN4 to clarify if BWPs and UE specific channel BWs must be centered on the 100 kHz raster for bands that use the 100 kHz raster
Proposal 1: RAN4 needs to reach consensus on if BWPs must be centered on the 100 kHz raster for bands that use the 100 kHz raster
Proposal 2: If there is a restriction that a BWP an/or UE specific channel BW must be centered on the 100 kHz raster, then
· The restriction should be documented in 38.101-1
· Chip/UE Vendors should make clear what the ramifications are of not abiding by that restriction when configuring BWPs and UE specific channel BWs
· A solution to the problem of incapability of even/odd number of PRBs incompatibility is needed
· RAN4 should inform other working groups, such as RAN1 and RAN2 who are considering 5 MHz BWPs for RedCap
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