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1 Background
RAN#99 agreed a work item [1] on channel raster enhancements with the following objectives
1. Specify necessary changes to the UE channel raster such that configuring a narrower UE channel BW inside a wider gNB channel BW is always possible [RAN4].

2. Changes to BS channel raster can be considered if required [RAN4].

3. Specify the corresponding UE capability, if needed, to enable changes to the channel raster [RAN2, RAN4]:

· RAN4 is to identify the release of the specifications 38.101-1 and 38.104 and the possibility of early implementation. If corresponding capability signalling is provided for early implementation and such early implementation is possible, the change is to be release independent from the identified release.

NOTE: Changes to channel raster need to be compliant with the definition of global channel raster in RAN4 specification.

In this contribution we propose to meet these objectives with a minimum of changes and without changing the channel raster and requirement framework specified since Rel-15. 

For bands with a 100 kHz raster, minimum requirements would still be specified for RF channels with NR carriers on the channel raster for at least one numerology (clause 5.4.2.2 in the BS and UE specifications). 
Supported UE-specific channel bandwidths can be configured within an NR carrier by ServingCellConfig, which implies UE-specific channel bandwidths located with a 10 kHz granularity within the carrier on the 100 kHz raster for SCS = 15 kHz. 
For each supported channel bandwidth, a UE shall meet
· all requirements the 100 kHz channel raster (no change)
· MOP, occupied BW (emissions contained in the BW) and REFSENS for the channel bandwidth when configured within a NR carrier on the 100 kHz channel raster (subject to the UE capability)
· unwanted emissions outside the NR carrier with a configured channel bandwidth within this carrier (subject to the UE capability)
This also verifies that the UE can be configured off the 100 kHz raster entry and meets a limited set of key requirements for the configured channel bandwidth with 10 kHz granularity for UEs indicating the capability. 
The BS channel raster is unchanged.
The above is consistent with the work item objectives. The WF [2] invites companies to comment on open issues and/or to detail the expected specification updates of their preferred approach. To this end, the proposed solution is implemented in [3]-[6], essentially Approach 2/Alt 1 of the WF but without clarification of clause 5.4.2.2 that has been debated for years without agreement. Let it be.

2 Changes to the UE specification

The standard setup in conformance test specification for verifying all TX and RX requirements for supported UE channel bandwidths is shown in Figure 1. The carrier resource grid is located on a multiple of the channel raster, DFRaster = 100 kHz for the bands considered. The bandwidth under test is the only bandwidth that can be selected by the UE as part of the attach procedure, hence no need to configure a UE-specific channel bandwidth.  
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Figure 1: setup for conformance tests in 38.521-1.
Instead of defining a new channel raster with finer granularity for bands with 100 kHz step size, we propose to introduce additional applicable entries on the global raster only for the UE-specific channel bandwidth located within an NR carrier on the channel raster. A limited set of requirements apply for UE-specific channel bandwidth at these entries. The step size for these entries is 2(µ+1)DFGlobal, that is, 10 kHz for SCS = 15 kHz consistent with Approach 1 (new channel raster) of the WF [2] and 20 kHz for SCS = 30 kHz. The test setup is shown in Figure 2, the carrier resource grid is on the 100 kHz channel raster.
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Figure 2: locations of the UE specific channel bandwidth at which a limited set of requirements apply.

The additional entries effectively form a “sub-raster” for the UE-specific channel bandwidth. The requirements at these points are restricted to, for each supported UE channel bandwidth,
· the minimum requirements for the UE maximum output power in 6.2.1 as indicated by ue-PowerClass for the operating band with channel bandwidths configured by ServingCellConfig within an NR carrier: the MOP shall be met with a configured UE-specific channel bandwidth;
· the minimum requirements in sub-clause 6.5.1 for a BWP configured within the configured UE-specific channel bandwidth: the emissions shall be contained within the UE specific channel bandwidth;
· the minimum requirements in sub-clauses 6.5.2 and 6.5.3 outside the channel bandwidth corresponding to the NR carrier: unwanted emissions requirements shall be met with the UE-specific channel bandwidth configured;
· the minimum requirement in sub-clause 7.3.2 for the UE-specific channel bandwidth: REFSENS shall be met for the configured channel bandwidth

subject to UE capability. While verifying the functionality of configuration of a UE-specific channel bandwidth and the in-power and emission requirements, this significantly reduces the test applicability at these channel bandwidth locations. No selectivity or blocking requirements apply at these global raster entries, for example, interferers would have been located in-band.
In practice the above implies that a capable UE shall meet the limited set of requirements on all 10/20 kHz “sub-raster” entries for a supported UE channel bandwidth (except at the band edges as shown below). All existing requirements with the channel bandwidth at the 100 kHz channel raster still apply for all devices.
The additional entries on the global raster for the UE-specific channel bandwidth are introduced in the UE FR1 specifications as follows. Given the channel raster for operating bands with a 100 kHz step size, an excerpt from [3] for TN (similarly in [6] for NTN bands)
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the additional entries for UE-specific channel bandwidths are introduced in a separate table
[image: image4.png]NR SCSof Uplink Downlink
operating NR carrier Range of Nger Range of Nger
band (kHz) (First — <Step size> — Last) (First — <Step size> — Last)

n1 15 384000 — <2> — 396000 422000 — <2> — 434000
30 384000 — <4> — 396000 422000 — <4> — 434000

n2 15 370000 — <2> — 382000 386000 — <2> — 398000
30 370000 — <4> — 382000 386000 — <4> — 398000

n3 15 342000 — <2> — 357000 361000 — <2> — 376000

'~

P . [ ——

P . [





with the following table notes
NOTE 1:
Values of NR-ARFCN that designate RF positions of a UE-specific channel bandwidth not configurable by ServingCellConfig within a NR carrier with carrier frequencies specified in Table 5.4.3.2-1 shall not be used.
NOTE 2:
Operating bands or SCS for carriers of operating bands that do not allow configuration of UE-specific channel bandwidths within the maximum channel bandwidth supported by each band and SCS according to Table 5.3.5-1 are not listed.
which means that the additional global raster entries cannot be too close to the band edges. 

Bands with an SCS-based raster are not affected.

3 Changes to the BS specification

Changes to the BS specification are not needed, other than an informative note to capture the earlier RAN4 agreement:
Agreement: 

From RAN1/RAN2 perspective, it’s already possible to position SIB1 carrierBandwidth off the 100kHz channel raster.

in the specification of the channel raster, see [5]

NOTE:
If required, RF channel positions can be shifted to align with any RF reference frequency on the global raster.
4 The capability: some open issues for legacy UEs in the field
The changes above imply that the flexibility of locating BWPs and the NR carriers on the global raster can be configured according to RRC and is verified for UEs indicating the capability. However, legacy UEs or any other UE not indicating the capability must still be able to attach to and operate in a cell even if a UE-specific channel bandwidth is not configured by the NW. Moreover, many legacy UEs in the field can operate without any restrictions.
Figure 3 shows the general case with the NR carrier centred at nDFGlobal and a narrower BWP#0 at any PRB within the NR carrier resource grid. Are there any restrictions of the NR carrier or BWP locations for any legacy devices during initial access? 
Example: in case the NR carrier is located on the 100 kHz channel raster in Figure 3, nDFGlobal = mDFRaster, would a legacy UE attach to the cell for any BWP#0 size and location smaller than the carrier resource grid size?
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Figure 3: an initial BWP within a NR carrier grid, the general case.
In case the UE channel bandwidth must be centred on the 100 kHz raster and BWP#0 located accordingly, then the carrier resource grid may have to be shifted off the raster (the proposed note in 38.104). UEs supporting the 25 MHz channel bandwidths with the capability would then also be off the 100 kHz raster but would at least meet the reduced set of requirements. 

It is recognised that a BWP#0 size equal to the carrierBandwidth cannot be used with the NR carrier off the 100 kHz raster for some UE implementations. Now, the size and location of BWPs in a cell cannot only be determined by the capability of the UE to locate its channel bandwidth, there are also other conditions. 
Figure 4 shows the case of odd/even PRB configuration, a 25 MHz NR carrier centred on the channel raster with a BWP#0 size of 106 PRB off the channel raster. RedCap UEs support up to 20 MHz bandwidths – are there any restrictions on BWP#0 size and location for a Rel-17 RedCap UE not indicating the capability to attach to the cell for this case?
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Figure 4: the “odd/even” case for initial access.

A RedCap UE not indicating the capability could be served by the BWP#0 but would still have to meet the emissions limits for the selected channel bandwidth by the UE. This bandwidth selection must be consistent with the SIB1 procedure in 38.331, but the corresponding requirements would only be verified when this RedCap UE is located on the 100 kHz channel raster.

We make the following:

Observation 1: any potential restrictions of flexible BWP#0 and NR carrier size and locations for legacy UEs not indicating a capability must be identified before the work item is completed to avoid UE malfunction, UEs not selecting a suitable cell in the field.
Backwards compatibility is another issue, no less important. 

Observation 2: backwards compatibility is another issue. Legacy UEs in the field do not indicate the capability but many can nevertheless be configured with a UE-specific channel bandwidth off the 100 kHz channel raster without restrictions. Serving these with BWP#0 only (without configuring a UE specific channel bandwidth) could imply a significant performance degradation, this regardless of the approach chosen for enhancing the channel raster. 
The behaviour when the capability, if specified, is absent is not clear. A draft LS on the introduction of a capability can be found in [7].
5 Proposal
For enhancing the channel raster, we make the following
Proposal 1: instead of a new channel raster, introduce additional applicable entries on the global raster only for the UE-specific channel bandwidth located within an NR carrier on the channel raster with a step size for these entries of 10/20 kHz for SCS = 15/30 kHz subject to UE capability. A reduced set of requirements apply for UE channel bandwidths at this “sub-raster” within an NR carrier:

· the UE maximum output power in 6.2.1 for the operating band with UE channel bandwidths within NR carrier: the MOP shall be met with a configured UE-specific channel bandwidth;

· the occupied BW requirement in 6.5.1 for a BWP configured within the configured UE-specific channel bandwidth: the emissions shall be contained within the UE specific channel bandwidth;

· the unwanted emissions requirements in sub-clauses 6.5.2 and 6.5.3 outside the channel bandwidth corresponding to the NR carrier: unwanted emissions requirements shall be met with the UE-specific channel bandwidth configured;

· the REFSENS requirement in sub-clause 7.3.2 for the UE-specific channel bandwidth.
The existing transmitter and receiver requirements still apply with the channel bandwidth centred on the channel raster.
In practice the above implies that a capable UE shall also meet a limited set of requirements on all 10/20 kHz “sub-raster” entries for a supported UE channel bandwidths in a band with a 100 kHz raster.
Proposal 2: introduce a note in BS specification to inform that RF channel (carrier) positions can be shifted to align with any RF reference frequency on the global raster.
The objectives of the work item are met with minimum changes to the specification and limited additional requirements for the UE. Notwithstanding, we observe that
Observation 1: any potential restrictions of flexible BWP#0 and NR carrier size and locations for legacy UEs not indicating a capability must be identified before the work item is completed to avoid UE malfunction or UEs not selecting a suitable cell in the field.
Observation 2: backwards compatibility is another issue. Legacy UEs in the field do not indicate the capability but many can nevertheless be configured with a UE-specific channel bandwidth off the 100 kHz channel raster without restrictions. Serving these with BWP#0 only (without configuring a UE specific channel bandwidth) could imply a significant performance degradation, this regardless of the approach chosen for enhancing the channel raster. 
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