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1 Background
An enhanced channel raster with 10 kHz granularity for both the UE and BS was specified to meet the objective of the Rel-18 work item “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” [1]. 
The concrete problem is handling of UE implementations only capable of locating their channel bandwidth as configured by RRC on the 100 kHz channel raster. 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 Definition of the enhanced channel raster
The current Rel-18 versions of 38.101-1 and 38.101-5 (in which the enhanced channel raster was introduced) contain nothing on the objective of the enhanced channel raster: that configuration of a narrower UE channel BW inside a wider gNB channel BW is always possible without PRB restrictions and mapping to 100 kHz channel raster entries. For supporting UEs, the network can configure a UE channel bandwidth and locate this within the carrier bandwidth with PRB granularity as specified in the RRC specification.

Neither is this objective evident from the description of the associated feature group sent to RAN2 [2]:
	Features
	Index
	Feature group
	Components


	28. NR_channel_raster_enh
	28-1
	Enhanced channel raster
	The UE supports the requirements for UE channel bandwidths located on the enhanced channel raster of a band as specified in TS 38.101-1, 38.101-4, TS 38.101-5 [and in TS38.133]


If not in the RAN2 specifications, RAN4 specification must make clear to implementers of UEs the objective of the enhanced raster and why this must be supported:
Proposal 1: introduce in the definition of the enhanced channel raster in 38.101-1 and 38.101-5 information that support implies compliance with UE minimum requirements for all UE specific channel bandwidths and locations configurable within the gNB bandwidth by RRC.
It suffices to introduce a note in the definitions in clause 3 of the 38.101-1 and 38.101-5 as proposed in [3] (a formatting error in the latest version of 38.101-1 not shown by change bars below), 
Enhanced channel raster: channel raster with a 10 kHz granularity in bands with a 100 kHz channel raster.
NOTE:
The Enhanced channel raster is devised such that supporting UEs are compliant with minimum requirements for all possible UE specific channel bandwidth and locations configurable by the IE ServingCellConfig for the DL and UL in accordance with [7] for applicable bands.
Inter-band carrier aggregation: Carrier aggregation of component carriers in different operating bands.

3 The enhanced channel raster and support by RedCap UEs

Ideally, the enhanced channel raster should be implemented by all new UEs regardless of supported release, but it is recognized that legacy UEs and implementations in development restricted to the 100 kHz channel raster must be accommodated. 
For RedCap UEs, on the other hand, there are no or very limited legacy deployments. Furthermore, RedCap UEs must always be configured with BWPs and associated UE-specific channel bandwidths smaller than the carrier bandwidth when operated in BS channel bandwidths greater than 20 MHz. Support of the enhanced raster is essential and should therefore be mandated for all (e)RedCap UEs from Rel-17. 

Support of the enhanced raster for RedCap means that BWPs and associated UE-specific bandwidths can be located with PRB granularity anywhere within the carrier bandwidth, including at the edges (internal guard bands permitting), for any standard 100 kHz channel raster point of the cell-specific carrier as shown in Figure 1. This also means flexibility in locating physical channels e.g. PUCCH, and fragmentation of the carriers can be avoided or at least be alleviated. Should there be non-supporting RedCap UEs restricted to the legacy 100 kHz channel raster, the carrier would have to be shifted in frequency to accommodate these, BWP and UE-specific channel bandwidth locations would be more restricted and a greater risk of fragmentation of the carrier with unused PRBs as discussed in [4].
Proposal 2: support of the enhanced channel raster is mandated for all (e)RedCap UEs from Rel-17.
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Figure 1: example BWPs and UE-specific channel bandwidth locations at the edge of a wider carrier.
Notwithstanding, according to RRC, RedCap UEs autonomously change their UE specific channel bandwidth to cover the initial BWP to perform the RACH procedure in case the current UE specific channel bandwidth does not cover this BWP, see the excerpt from the Rel-17 version of 38.331 below. The initial BWP is not necessarily centered on the 100 kHz channel raster, which implies that the UEs must be able to flexibly locate their channel bandwidth off the said channel raster. Support of the enhanced raster means that that the network can always ensure that the UE specific channel bandwidth covers the current BWP as required.
	downlinkChannelBW-PerSCS-List

A set of UE specific channel bandwidth and location configurations for different subcarrier spacings (numerologies). Defined in relation to Point A. The UE uses the configuration provided in this field only for the purpose of channel bandwidth and location determination. If absent, UE uses the configuration indicated in scs-SpecificCarrierList in DownlinkConfigCommon / DownlinkConfigCommonSIB. Network only configures channel bandwidth that corresponds to the channel bandwidth values defined in TS 38.101-1 [15], TS 38.101-2 [39], and TS 38.101-5 [75]. If the UE is a RedCap UE and needs to autonomously switch to its initial downlink bandwidth part to perform a random access procedure but its current UE specific channel bandwidth does not cover the initial downlink bandwidth part, the UE autonomously changes its UE specific channel bandwidth to cover the initial downlink bandwidth part. In that case, after completion of the random access procedure, the network ensures that the UE specific channel bandwidth fully covers the UE's active downlink bandwidth part in subsequent bandwidth part switch operations.


4 Correction of the channel raster for RedCap in Rel-17 instead
A capability bit for the enhanced channel raster will be specified in Rel-18, early implementable from Rel-16. UEs of an earlier release can optionally support the feature. 

Mandating UEs of an earlier release support a capability specified in a later release is not as straightforward. More straightforward is to enhance the channel raster in the Rel-17 and Rel-18 versions of 38.101-1 as an essential correction for RedCap UEs. This is implemented for Rel-17 in [5] and its mirror CR, additional NR-ARFCN entries with 10 kHz granularity are overlaid on the existing 100 kHz channel raster for appliable bands in a new sub-clause 5.4I (Channel arrangement):
5.4I.2.3
Channel raster entries for each operating band
For RedCap, the RF channel positions on the channel raster in each NR operating band are given through the applicable NR-ARFCN in Table 5.4.2.3‑1 < for all bands > and the additional intermediary NR-ARFCN for operating bands included in Table 5.4I.2.3-1 < bands with an enhanced raster in Rel-18 >, using the channel raster to resource element mapping in clause 5.4I.2.2.
For NR operating bands included in Table 5.4I.2.3-1 < identical to the enhanced raster table in Rel-18 >, the channel raster is defined with ΔFRaster = 2 × ΔFGlobal. In this case every 2nd NR-ARFCN within the operating band are applicable for the channel raster within the operating band and the step size for the channel raster in Table 5.4I.2.3‑1 is given as <2>, every 10th of these channel raster entries coincides with entries defined in Table 5.4.2.3-1 for this operating band < the additional NR-ARFCN with 10 kHz granularity overlaid on the existing 100 kHz raster’ >. 
For other UEs the enhanced raster is specified in Rel-18 as already implemented, support mandated for certain bands. The changes for Rel-17 for RedCap UEs above are consistent with the enhanced channel raster in Rel-18.
Proposal 3: for RedCap UEs, specify the enhanced channel raster in the Rel-17 and Rel-18 versions of 38.101-1 for applicable bands as an essential correction; this enhanced raster with 10 kHz step size to be implemented by (e)RedCap UEs from Rel-17 for all applicable bands supported.
The existing conformance tests in 38.521-1 would not be affected. Updates of the BS/SAN specifications for Rel-17 are not needed, BS/SAN carriers located on the existing 100 kHz channel raster can support all RedCap UE channel bandwidths within by means of the changes above.
If agreed, RAN2 can be made aware of these essential corrections by an LS, a draft is provided in [6].
5 Proposal
RAN4 specification must make clear to implementers of UEs the objective of the enhanced raster and why this must be supported:

Proposal 1: introduce in the definition of the enhanced channel raster in 38.101-1 and 38.101-5 information that support implies compliance with UE minimum requirements for all UE specific channel bandwidths and locations configurable within the gNB bandwidth by RRC.
RedCap UEs must always be configured with BWPs and an associated UE-specific channel bandwidths smaller than the carrier bandwidth when operated in BS channel bandwidths greater than 20 MHz:
Proposal 2: support of the enhanced channel raster is mandated for all (e)RedCap UEs from Rel-17.
Proposal 3: for RedCap UEs, specify the enhanced channel raster in the Rel-17 and Rel-18 versions of 38.101-1 for applicable bands as an essential correction; this enhanced raster with 10 kHz step size to be implemented by (e)RedCap UEs from Rel-17 for all applicable bands supported.
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