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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 (when configured by RRC) on the 100 kHz channel raster.
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 therefore essential. In this update of [2] we propose this be mandated for all RedCap UEs from Rel-17 while deployment of these UEs is still limited or in trial phase. A draft LS to inform RAN2 on mandated support by RedCap UEs from Rel-17 is attached below. 
2 Support of the enhanced channel raster
2.1 Mandated for all RedCap UEs

We make the following 

Observation 1: mandated support of the enhanced channel raster for all RedCap UE from Rel-17 is the only feasible solution if performance degradation and less efficient spectrum utilization for all UEs in a cell wider than 20 MHz supporting RedCap UEs are to be avoided. 
Shifting the carrier frequency has been discussed and the reason the enhanced channel was introduced also for the BS, but this is not feasible since the minimum internal GB of the BS channel bandwidth would be violated and the unwanted emissions not ensured outside the operator block for the BS and UEs supporting 25 MHz as shown in Figure 1 for the case of a 20 MHz BWP in a 25 MHz operator block (a 30 kHz shift required). In case the operator block consists of several cells and one of them is shifted off the 100 kHz channel raster to accommodate non-supporting RedCap UEs, that is, UEs not supporting the enhanced channel raster, then the CA channel spacing would not be a multiple of 100 kHz.
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Figure 1: shifting the carrier frequency to align non-supporting RedCap UEs with the 100 kHz raster.
Another alternative discussed is to avoid configuring a UE-specific CHBW for non-supporting RedCap UEs and configure a 20 MHz BWP centred in the carrier as shown in Figure 2 with the expectation that these UEs would meet unwanted emission limits outside the operator block without a CHBW configured by the NW. However, compliance would still not be ensured by the specification. UEs supporting the enhanced channel raster, on the other hand, can be configured with a UE-specific CHBW and would meet these limits as ensured by RAN4 specifications.
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Figure 2: UE-specific CHBW not configured for UEs not supporting the enhanced channel raster. 
Notwithstanding compliance with unwanted emissions limits, the configuration in Figure 2 would lead to reduced PDCCH capacity due to PDCCH CCE misalignment and also increased PUSCH fragmentation, and hence degraded performance for all UEs in the cell. 
Yet another possibility discussed is to use a smaller CHBW with an odd transmission bandwidth configuration for RedCap UEs; Figure 3 shows the case of a smaller BWP of 79 PRB (15 MHz) configured such that both the carrier and the UE-specific CHBW are centred on the 100 kHz raster. However, in this case the location of this BWP must be located off the carrier starting at RBstart = (2 + 5m) with m an integer. This leads to the same type of performance degradation as in Figure 2 for all UEs in the cell and a less efficient spectrum utilization with the smaller 15 MHz channel bandwidth. 
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Figure 3: a smaller channel bandwidth used for RedCap UEs in the cell to accommodate non-supporting UEs. 
None of the options above is attractive. 
In practice support of the enhanced channel raster is required for RedCap UEs regardless of the capability. 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 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.


2.2 Legacy non-RedCap UEs
Legacy non-RedCap UEs supporting a maximum CHBW of 20 MHz and restricted to the 100 kHz channel raster must be handled like the non-supporting RedCap UEs in the examples given in Figures 1-3 above. The volume of these problematic UEs, if any, appears small, whereas there are many legacy UEs not restricted to the 100 kHz channel raster but obviously not indicating the raster capability. 
Observation 2: upgrade of non-RedCap UEs supporting a maximum CHBW of 20 MHz and restricted to the 100 kHz channel raster, if any in the field, appears more viable than specific network configurations for support of RedCap UEs that imply degraded performance and less efficient spectrum utilization for all UEs required just because of a small volume of non-supporting legacy UEs. 
3 Mandated support for RedCap UE from Rel-17 without capability bit
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 [3] 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 UEs, 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 additional intermediary NR-ARFCN with a step size of <2> for the operating bands that are included in Table 5.4.2.3-1 with a step size of <20>, using the channel raster to resource element mapping in clause 5.4I.2.2.

For NR operating bands included in Table 5.4.2.3-1 with a step size of <20>, the channel raster for RedCap UEs is defined with ΔFRaster = 2 × ΔFGlobal < same as the enhanced raster table in Rel-18 >. 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 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 1: support of the enhanced channel raster is mandated for all RedCap UEs from Rel-17, eRedCap UEs from Rel-18. For RedCap UEs, specify the enhanced channel raster for applicable bands in the Rel-17 and Rel-18 versions of 38.101-1 as an essential correction.
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.

Proposal 2: make RAN2 aware of these essential corrections by an LS as per the draft attached below.
Ideally, the enhanced channel raster should be implemented by all UEs regardless of supported release. Then configuring a narrower UE channel BW inside a wider gNB channel BW by ServingCellConfig with PRB granularity is always possible.
4 Proposal
We make the following

Observation 1: mandated support of the enhanced channel raster for all RedCap UE from Rel-17 is the only feasible solution if performance degradation and less efficient spectrum utilization for all UEs in a cell wider than 20 MHz supporting RedCap UEs are to be avoided. 
Observation 2: upgrade of non-RedCap UEs supporting a maximum CHBW of 20 MHz and restricted to the 100 kHz channel raster, if any in the field, appears more viable than specific network configurations for support of RedCap UEs that imply degraded performance and less efficient spectrum utilization for all UEs required just because of a small volume of non-supporting legacy UEs. 
Changes should be made while deployments of the RedCap UEs are still limited or in trial phase. 
Proposal 1: support of the enhanced channel raster is mandated for all RedCap UEs from Rel-17, eRedCap UEs from Rel-18. For RedCap UEs, specify the enhanced channel raster for applicable bands in the Rel-17 and Rel-18 versions of 38.101-1 as an essential correction.
Proposal 2: make RAN2 aware of these essential corrections by an LS as per the draft attached below.
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1. Overall Description:
In this LS, RAN4 would like to provide RAN2 with further details on the capability for support of the enhanced channel raster agreed as feature group FG 28-1, the support by RedCap UEs for Rel-17 in particular.

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. RAN4 therefore consider support of the enhanced raster by RedCap UEs essential and should therefore be mandated for all RedCap UEs from Rel-17, eRedCap UEs from Rel-18. To this end, RAN4 has introduced the enhanced raster for RedCap in the Rel-17 and Rel-18 versions of 38.101-1 in a new sub-clause 5.4I for RedCap (see R4-2407320), consistent with the enhanced raster introduced for all UEs in the Rel-18 version of 38.101-1 (2024-03). 

2. Actions:

To RAN2 group.

ACTION: RAN4 asks RAN2 to consider the above in its specification of the enhanced raster capability.
3. Date of Next RAN WG4 Meetings:
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