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1 Background
For the Rel-18 work item on an enhanced channel raster with the objective of “specify[ing] necessary changes to the UE channel raster such that configuring a narrower UE channel BW inside a wider gNB channel BW is always possible”, it has been agreed to [1]
· specify a new enhanced channel raster with 10 kHz granularity for both the UE and BS.
· the new channel raster should be applied to bands below 3 GHz that currently have 100 kHz channel raster: whether the support of new channel raster for each band is mandatory or optional depends on operators’ input
· the full set of UE Tx and Rx requirements shall be applicable for the channel raster which UE supports

The concrete problem is handling of UE implementations only capable of locating a UE-specific channel bandwidth configured by RRC on the 100 kHz channel raster and meet the radio requirements. That the enhanced channel raster and the associated capability lift this restriction must be clear from the specification of the enhanced channel raster in 38.101-1 and 38.101-5.
2 The capability description and handling of non-capable UEs
Support of the feature means that the UE meets the radio and RRM requirements on the 10 kHz enhanced channel raster and therefore for all possible UE-specific channel bandwidths as configured by RRC (the IE ServingCellConfig) without restrictions.

But how to deal with non-capable UEs? 
The main problems with the ‘100 kHz restriction’ are that 
1. it is impossible to locate by RRC a UE specific CHBW with odd/even maximum bandwidth configuration in a carrier bandwidth of even/odd PRBs e.g. for a 20 MHz RedCap in a 25 MHz operator block
2. a UE CHBW of even/odd PRBs can only be located with 5 PRB (900 kHz) granularity within a carrier bandwidth of even/odd PRB in case the carrier located is on the 100 kHz raster, which affects possible BWP configuration as shown below 

One idea discussed by RAN4 is that the BS carrier center frequency be shifted off the 100 kHz raster such that a UE-specific channel CHBW can be located on the 100 kHz raster for legacy devices not indicating the capability as shown in 

Figure 1. 
For a 20 MHz CHBW configured in a 25 MHz carrier (item 1 above), the carrier must be shifted by 30 kHz (or 70 kHz) to be able to use the BWPs at the edge and fully utilize the PRB grid, active BWP must be within the UE-specific CHBW. Is a 30 kHz shift a big deal?

The shift implies the internal guard band of the carrier will be violated if the operator block is also on a 100/200 kHz raster. This can be an issue for both the BS and UE. Earlier RAN4 discussed configuration of a 30 MHz bandwidth in a 40 MHz carrier at the lower edge of n28, some UEs rejected the RRC configuration of the 30 MHz. The decision was to shift the 40 MHz carrier by 40 kHz such that guard bands are met and add an additional raster entry for the BS off the raster. This worked since a one-sided problem at the lower band edge, but clearly, carrier shifting is not straightforward. 
The shift also means that the SSB/CORESET#0 location must be changed due to the offset from the GSCN used. The shift can be reduced to 10 kHz, but then the BWPs within the carrier must be moved (the “n” value) since the active BWPs must be fully contained in the UE channel bandwith, e.g. for 20 MHz in 25 MHz the three outer PRBs cannot be used and it cannot be assumed that legacy UEs not indicating the capability can use the full BW since the carrier is off the 100 kHz.
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Figure 1: shifting the carrier such that the UE specific CHBW is on the 100 kHz raster.

Following the RAN4 discussion, the only issue is the UE specific channel bandwidth and location configurations and not the BWP#0 location at initial access:
Observation 1: for initial access before RRC setup, RAN4 has not identified any restriction on the configuration of BWP#0 size and location within the carrier resource grid for any carrier frequency on the global frequency raster other than SSB location. The UE selects a channel bandwidth autonomously in accordance with the SIB1 procedure.

the SSB/CORESET#0 cannot be located within a carrier for some NR-ARFCN. This observation assumes that any legacy UE can always attach and select a UE channel bandwidth, on or off the 100 kHz channel raster, in accordance with the SIB1 procedure. The UE filter chosen such that emissions limits are met outside the carrier as shown in Figure 2 for a case in which the carrier is on the 100 kHz channel raster but the BWP#0 such that a UE specific channel bandwidth of smaller bandwidth cannot be configured within the carrier by the network. 
[image: image2.png]offsetToCarrier
(common)

UE specific CHBW
not configured

| On or off the 100 kHz raster

- UE filtering selected by the UE during ~
initial access, location unknown to the NW




Figure 2: configuration with the carrier on the 100 kHz raster.
Configuration of the UE specific channel bandwidths and the BWP locations and any actions of handling UEs is completely up to network implementation based on UE capability. It is assumed that the legacy UE can attach to the cell even if the carrier is not shifted of the 100 kHz channel raster for accommodating a UE specific channel by RRC. For the case in Figure 2, UEs supporting the full carrier bandwidth can be configured with a UE specific bandwidth regardless of support of the new feature, but not RedCap UEs for carrier bandwidths > 20 MHz.  

It is not that it is impossible to configure a UE specific channel bandwidths with full PRB granularity within a carrier, the existing RRC allows this; it is that compliance with requirements for channel bandwidths off the 100 kHz channel raster may not be guaranteed for all UEs. We therefore propose the following description of the capability: 
Proposal 1: the capability indicates that the UE supports the radio requirements for UE channel bandwidths located on the enhanced channel raster of a band as specified in 38.101-1 and 38.101-5. The definition of the enhanced channel raster in these specifications shall also include that a UE indicating the capability supports these requirements for UE specific channel bandwidth and location configurations by ServingCellConfig for the DL and UL with an offsetToCarrier of full PRB granularity for all numerologies supported by the UE.
There are legacy UEs in the field that would not indicate the capability but are nevertheless capable of locating the UE specific bandwidth off the 100 kHz channel raster and meet the radio requirements.
Proposal 2: the UE behaviour when the capability is absent is not specified, actions when the capability is absent is up to network implementation. 
Regarding support of the capability, RedCap UEs are dependent on configuration of a BWP not covering the entire carrier when this is wider than the bandwidth supported by these UEs,

Proposal 3: UE support of the capability is mandatory for all RedCap UE in supported bands from Rel-17.
According to the RAN4 agreement, mandatory or optional support of the enhanced raster depends on operators’ input. The expectation is a requirement that all “new UEs” support the capability in all applicable bands. However, for the BS
Proposal 4: support of the enhanced channel raster cannot be ‘mandatory’ for the BS since handling of UEs, capable or non-capable, is up to network implementation.

but the enhanced raster will also be specified for the BS.

A proposed description of the enhanced channel raster feature for the NR Rel-18 feature set is provided in [2] and reproduced below.
3 Proposal
The only issue is compliance with requirements for all UE specific channel bandwidth and location configurations and not the BWP#0 location at initial access:
Observation 1: for initial access before RRC setup, RAN4 has not identified any restriction on the configuration of BWP#0 size and location within the carrier resource grid for any carrier frequency on the global frequency raster other than SSB location. The UE selects a channel bandwidth autonomously in accordance with the SIB1 procedure.

It is not that it is impossible to configure a UE specific channel bandwidth with full PRB granularity within a carrier, the existing RRC allows this; it is that not all UEs guarantee compliance with requirements for UE specific channel bandwidth and location configurations off the 100 kHz channel raster. We therefore propose that
Proposal 1: the capability indicates that the UE supports the radio requirements for UE channel bandwidths located on the enhanced channel raster of a band as specified in 38.101-1 and 38.101-5. The definition of the enhanced channel raster in these specifications shall also include that a UE indicating the capability supports these requirements for UE specific channel bandwidth and location configurations by ServingCellConfig for the DL and UL with an offsetToCarrier of full PRB granularity for all numerologies supported by the UE.
Proposal 2: the UE behaviour when the capability is absent is not specified, actions when the capability is absent is up to network implementation. 
RedCap UEs are dependent on configuration of a BWP not covering the entire carrier when this is wider than the bandwidth supported by these UEs, 
Proposal 3: UE support of the capability is mandatory for all RedCap UE in supported bands from Rel-17.
Proposal 4: support of the enhanced channel raster cannot be mandatory for the BS since handling of UEs, capable or non-capable, is up to network implementation.
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