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1. Introduction
During the Study Item for Efficient Study on efficient utilization of licensed spectrum that is not aligned with existing NR channel BWs, some companies announced their interpretation of 38.101-1 that channel bandwidth used for RF requirements, whether cell specific channel bandwidths that are broadcast in SIB1 or UE specific channel bandwidths always need to be on the 100 kHz raster. This revelation led to some issues which were described in [1], the most serious being the inability to use a UE specific channel bandwidth that has an odd number of PRBs if the cell specific channel bandwidth has an even number of PRBs, or vice versa. 
A new Work Item was created to resolve this issue [2].
2. Discussion
We think the following two scenarios illustrate why both the UE and the gNB need to support centre frequencies not on the 100 kHz raster. 
Scenario 1: Cell specific channel BW in SIB1 on the 100 kHz raster, UE specific channel BW not
This might occur when the cell specific channel bandwidth is on the 100 kHz raster and has an even number of PRBs and the gNB needs to configure a UE specific channel BW with an odd number of PRBs, or vice-versa. For example, if the cell specific channel bandwidth is 20 MHz and the gNB needs to configure a 5 MHz BWP and 5 MHz UE specific channel bandwidth for enhanced Redcap UEs that only support the 5 MHz channel bandwidth. The cell specific channel bandwidth would be on the 100 kHz raster for legacy UEs, and the 5 MHz BWP could not also be on the 100 kHz raster. The enhanced Redcap UEs would need to be able to be compatible with UE specific channel BWs not on the 100 kHz raster. 
[bookmark: _Hlk131758668]Observation 1: In order to handle the even/odd PRB issue, it needs to be possible to configure the cell specific channel BW in SIB1 on the 100 kHz raster and a UE specific channel BW not on the 100 kHz raster for scenarios where legacy UEs need to use the cell specific channel BW, and newer UEs, such as enhanced Redcap, can be configured with a UE specific channel bandwidth that is not on the 100 kHz raster.
Scenario 2: Cell specific channel BW not on the 100 kHz raster, UE specific channel BW on the 100 kHz raster
For some bands, newer, wider channel bandwidths were added that legacy UEs do not support. For example, 25 MHz channel bandwidths were added for n25 and n66, while legacy UEs only support up to 20 MHz. In order to support both legacy UEs that need to have a 20 MHz UE specific channel bandwidth on the 100 kHz raster and newer UEs that can use the 25 MHz channel bandwidth. As demonstrated in [1] it is not possible to have both the 20 and 25 MHz channel bandwidths be on the 100 kHz raster since the PRBs also need to be aligned. So, to support legacy UEs that require the UE specific channel bandwidth on the 100 kHz raster, the cell specific channel bandwidth would not be on the 100 kHz raster, but the 20 MHz initial BWP and 20 MHz UE specific channel BW would be on the 100 kHz raster. In order to safely be configured with the 25 MHz channel bandwidth, the UE would need to indicate support for a channel bandwidth that is not on the 100 kHz raster. 
Observation 2: In order to handle the even/odd PRB issue, it also needs to be possible to configure the cell specific channel BW in SIB1 to not be on the 100 kHz raster and an initial BWP and UE specific channel BW on the 100 kHz raster for scenarios where legacy UEs do not support the cell specific channel bandwidth, and newer UEs that support the cell specific channel bandwidth which is not on the 100 kHz raster can be configured to use that.
If these channel bandwidths do not need to be on the 100 kHz raster, then the next question is, “What raster should they be on?” One possibility is to use the 5 kHz raster, which is supported by the RAN2 signalling. While this would work, it was clear in discussions that UE and gNB vendors wanted to understand what is the minimum raster size that would support channel BWs and BWPs/UE specific channel BWs where one has an even number of PRBs and the other has an odd number of PRBs.   
In order to determine this, we used a spreadsheet to calculate all of the possible offsets required. We started with an initial Fc on the 100 kHz raster. Then calculated what raster would be needed to support any centre frequency that is offset by 90 kHz to account for the even/odd PRB issue, and then added multiples of 180 kHz, to keep the PRBs aligned. It can be seen that in addition to the 100 kHz raster, a raster of odd increments of 10 kHz (10, 30, 50, 70, 90 kHz) would be needed. 
	Initial Fc
	700000
	 

	offset
	Plus
	Minus

	90
	700090
	699910

	270
	700270
	699730

	450
	700450
	699550

	630
	700630
	699370

	810
	700810
	699190

	990
	700990
	699010



To allow maximum flexibility, it would also be useful to be able to locate the centre of another channel bandwidth an integer multiple of PRBs from on another if both either have an even number of PRBs or both have an odd number of PRBs. This table calculates that scenario:
	Initial Fc
	700000
	 

	offset
	Plus
	Minus

	180
	700180
	699820

	360
	700360
	699640

	540
	700540
	699460

	720
	700720
	699280

	900
	700900
	699100

	1080
	701080
	698920



As can be seen, if the both the channel bandwidths have an even number of PRBs or both have an odd number of PRBs, it is possible to have any offset of 180 kHz if the raster was multiples of 20 MHz.
In addition to the scenarios with 15 kHz SCS, we considered the same scenarios with the 30 kHz SCS. As can be seen, a raster with even multiples of 20 kHz would suffice. 
	Initial Fc
	700000
	 

	offset
	Plus
	Minus

	180
	700180
	699820

	540
	700540
	699460

	900
	700900
	699100

	1260
	701260
	698740

	1620
	701620
	698380

	1980
	701980
	698020



	Initial Fc
	700000
	 

	offset
	Plus
	Minus

	360
	700360
	699640

	720
	700720
	699280

	1080
	701080
	698920

	1440
	701440
	698560

	1800
	701800
	698200

	2160
	702160
	697840



[bookmark: _Hlk131581044]Observation 3: A 10 kHz raster would be sufficient to support any offset of centre frequencies where one carrier is centred on the 100 kHz raster and the PRBs of the two carriers are aligned. 
Proposal 1: To fix the issues caused by the 100 kHz raster, RAN4 should introduce a new 10 kHz channel raster for both the UE and gNB for bands that currently use the 100 kHz raster. 
Observation 4: So that a gNB knows which UEs can be configured with channel bandwidths that are not on the 100 kHz raster but on the 10 kHz raster, a new UE capability is required to allow the UE to inform the gNB that it supports the new channel raster.  
Proposal 2: RAN4 should send an LS to RAN2 requesting the creation of a new IE to indicate that a UE supports a 10 kHz raster on bands that use the 100 kHz raster. 
3. Conclusion
Observation 1: In order to handle the even/odd PRB issue, it needs to be possible to configure the cell specific channel BW in SIB1 on the 100 kHz raster and a UE specific channel BW not on the 100 kHz raster for scenarios where legacy UEs need to use the cell specific channel BW, and newer UEs, such as enhanced Redcap, can be configured with a UE specific channel bandwidth that is not on the 100 kHz raster.
Observation 2: In order to handle the even/odd PRB issue, it also needs to be possible to configure the cell specific channel BW in SIB1 to not be on the 100 kHz raster and an initial BWP and UE specific channel BW on the 100 kHz raster for scenarios where legacy UEs do not support the cell specific channel bandwidth, and newer UEs that support the cell specific channel bandwidth which is not on the 100 kHz raster can be configured to use that.
Observation 3: A 10 kHz raster would be sufficient to support any offset of centre frequencies where one carrier is centred on the 100 kHz raster and the PRBs of the two carriers are aligned. 
Observation 4: So that a gNB knows which UEs can be configured with channel bandwidths that are not on the 100 kHz raster but on the 10 kHz raster, a new UE capability is required to allow the UE to inform the gNB that it supports the new channel raster.  

Proposal 1: To fix the issues caused by the 100 kHz raster, RAN4 should introduce a new 10 kHz channel raster for both the UE and gNB for bands that currently use the 100 kHz raster. 
Proposal 2: RAN4 should send an LS to RAN2 requesting the creation of a new IE to indicate that a UE supports a 10 kHz raster on bands that use the 100 kHz raster. 
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