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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.

The main issue to be addressed by this WI is the location of the channel bandwidth on the (100k) channel raster entries in some NR bands.
The options listed in the latest WF [2]:

1- Approach 1: Specify a new channel raster
1- New channel raster step size:




Option 1: 5 kHz




Option 2: 10 kHz




Option 3: 50kHz

2- The new channel raster should be specified for:




both UE and gNB.

3- For which bands this new channel raster should be specified:




All FR1 bands below 3GHz that that currently have 100 kHz channel raster

2- Approach 2: Do not specify new channel raster entries 
· Alternative 1
1- Clarify in clause 5.4.2.2 of both the BS and UE specifications that the “RF channel” is mapped to the channel raster at the centre of a carrier grid of a serving cell for at least one numerology as advertised in SIB1.

2- The network should be able to use the RRC specification for configuring the UE with locations of the UE-specific channel BW within a wider cell-specific bandwidth;

· Alternative 3: 

1. For operating bands with a 100 kHz channel raster, the UE can signal a capability to support a UE specific channel BW that 

· consists of a contiguous subset of RBs from SCS-SpecificCarrier in SIB1 and 

· is a maximum transmission BW configuration 

· but need not be centered on the channel raster.

2. For UEs with the capability to support a
 UE specific channel BW off the 100 kHz raster in corresponding operating bands, the natural raster for the UE specific channel BW is the RB grid of the carrier bandwidth in SIB1. (For a given numerology and location of the SIB1 carrier bandwidth, its RB grid is considerably sparser than the proposed channel rasters and it includes only valid frequency locations, hence rather the RB grid of the carrier bandwidth in SIB1 should be specified as raster for the UE specific channel BW than a new channel raster.)
Way forward:

For the next meeting, companies are encouraged to detail the expected specification’ updates of their preferred approach.

We propose Alternative 2 with a new UE capability indicating that the network can use the RRC specification without restrictions to the 100k raster and provide CRs against relevant specifications in [3]-[6]. Rather than introducing new channel raster entries, the capable UEs are instead subject to additional requirements for a UE-specific channel bandwidth within a wider cell-specific bandwidth in line with the intention of the introduction of these UE-specific bandwidths. 
2 The mapping of the “RF channel” to the channel raster
One of the main problems is the interpretation of the “RF channel” and its mapping to the channel raster, from clause 5.4.2.1 of 38.101-1 (italics and square brackets added)
The channel raster defines a subset of RF reference frequencies [FREF] that can be used to identify the RF channel position in the uplink and downlink. The RF reference frequency for an RF channel maps to a resource element on the carrier. For each operating band, a subset of frequencies from the global frequency raster are applicable for that band and forms a channel raster with a granularity ΔFRaster, which may be equal to or larger than ΔFGlobal.

and the mapping to the carrier defined by, from 5.4.2.2 (italics added)
The mapping between the RF reference frequency on the channel raster and the corresponding resource element is given in Table 5.4.2.2-1 and can be used to identify the RF channel position. The mapping depends on the total number of RBs that are allocated in the channel and applies to both UL and DL. The mapping must apply to at least one numerology supported by the UE.
Since the UE must support both 15k and 30k numerologies for a band with support of mixed numerology subject to capability, the requirements apply with at least one of the carriers supported by the RF channel centred on the channel raster. The bandwidth of the RF channel (MHz) accommodates the channel bandwidths of the two carriers (one per numerology in a cell).
For a RF channel supporting two carriers with a common Point A, the frequency separation between their reference frequencies with at least one of them coinciding with a channel raster entry follows from sub-clause 5.3.1 of 38.211,
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 at the start of the subframe, 

the frequency separation between the mid-points or reference frequencies of the resource grids 
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where FREF,0 and FREF,1 the reference frequency of the resource grid (carrier) for numerology µ = 0 and µ0 = 1, respectively. These reference frequencies are also the mid-points of the corresponding channel bandwidths (MHz). We observe that 
Observation 1: if the resource grid size (BS transmission bandwidth configuration) is odd for SCS = 15k, then only one of 15k and 30k resource grids supported by an RF channel can be centred on the 100k channel raster
since 
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has no solution for any m and n for a 100 kHz raster granularity. If, on the other hand, the resource grid size is even for SCS = 15k, then the above separation can be a multiple of 9*100 kHz (m = 5k, n = 9k), including k = 0 for which the two resource grids are centred on the same channel raster entry.
The above is illustrated in Figure 1. The RF channel supports two (RF) carriers of different numerologies advertised by SIB1. For a UE, a UE-specific CHBW can be configured for both µ = 0 covering part of the resource grid and µ = 1 covering the entire resource grid (the channel bandwidth of the µ = 1 RF carrier). The former can also represent a RedCap UE configured at the edge of the carrier. The RF channel has a bandwidth covering the channel bandwidths (MHz) of both RF carriers, their internal GB accommodated. The two carriers can overlapping or non-overlapping in frequency.
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Figure 1: two carrier resource grids supported by an RF channel.
This is also captured by the following figure in 38.101-1 when multiple numerologies are transmitted in the same channel bandwidth, presumably for the case m = 0 for which the RF carriers for numerologies X and Y are centred on the same channel raster entry but with different BWPs within the respective carrier.
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Figure 5.3.3-3 Guard band definition when transmitting multiple numerologies

NOTE:
Figure 5.3.3-3 is not intended to imply the size of any guard between the two numerologies. Inter-numerology guard band within the carrier is implementation dependent.

Unwanted emissions requirements apply outside the transmission bandwidth configurations for each supported numerology with a GB of at least the minimum applicable for the corresponding channel bandwidth, e.g. outside the (UE specific) channel bandwidth for µ = 1 in Figure 1 where at least one of the two resource grid is centred on the channel raster. We observe that
Observation 2: core requirements in 38.101-1 apply with at least one of the carriers (one per numerology as advertised in SIB1) supported by the RF channel centred on the channel raster. The bandwidth (MHz) of the RF channel accommodates the channel bandwidths of the two carriers. 
The two resource grids have the same Point A as advertised in SIB1. However, the conformance tests in 38-521-1 are carried out with the 15k and 30k resource grids centred on the 100k for all low-, mid- and high channel locations in a band with different Point A absolute frequencies for the two numerologies. We observe a difference
Observation 3: conformance test requirements in 38.521-1 are carried out with the carrier centred on the 100k channel raster for each numerology and corresponding channel bandwidth. The BWP#0 is equal to the maximum transmission bandwidth configuration of the channel bandwidth under test, no UE-specific channel bandwidth configured.
We propose to

Proposal 1: make clear in clause 5.4.2.2 of both the BS and UE specifications that the “RF channel” is mapped to the channel raster at the centre of a carrier resource grid for at least one numerology supported by the RF channel as advertised in SIB1. 
3 Proposed solution

The UE specific channel bandwidth was introduced to make possible for a UE to meet the minimum requirements also if the UE does not support the channel bandwidth corresponding to the carrier resource grid. In particular, the SIB1 procedure was modified to ensure that a UE accessing a cell supports at least one channel bandwidth less than or equal to the channel bandwidth corresponding to the carrier resource grid of the numerology with the BWP#0, from 38.331
2>
if the UE supports a downlink channel bandwidth with a maximum transmission bandwidth configuration (see TS 38.101-1 [15] and TS 38.101-2 [39]) which

-
is smaller than or equal to the carrierBandwidth (indicated in downlinkConfigCommon for the SCS of the initial downlink BWP or, for RedCap UE, of the RedCap-specific initial downlink BWP if configured), and which

-
is wider than or equal to the bandwidth of the initial downlink BWP or, for RedCap UE, of the RedCap-specific initial downlink BWP if configured, and

In view of this, we propose to introduce specific requirements for UEs capable of locating the channel bandwidth according to RRC (by ServingCellConfig) rather than adding additional channel raster entries for the cell-specific RF channel.
Proposal 2: do not add additional channel raster entries for the BS and UE, the network should be able to use the RRC specification for configuring the UE with location and size of the UE-specific channel bandwidth within a wider cell-specific channel bandwidth. UEs capable of locating the UE-specific channel bandwidth according to RRC (with PRB granularity) are subject to capability and meet additional requirements for the UE-specific channel bandwidth.
UEs that indicate the capability shall meet
1. the transmitter requirements in sub-clause 6.2 within the UE-specific channel bandwidth and the transmitter requirements in sub-clause 6.5 outside the UE-specific channel bandwidth as located by ServingCellConfig within the channel bandwidth corresponding to the carrierBandwidth indicated in uplinkConfigCommon or supplementaryUplink
2. the receiver requirement in sub-clause 7.3 (REFSENS) for the UE-specific channel bandwidth as located by ServingCellConfig within the channel bandwidth corresponding to the carrierBandwidth indicated in downlinkConfigCommon
This is illustrated in Figure 2. Hence for a UE configured with a UE-specific channel bandwidth within the wider cell-specific bandwidth meets the maximum output power, the unwanted emission requirements and REFSENS for the UE specific channel bandwidth as located by RRC, effectively on a “sub-raster” of 10 kHz granularity. 

It is assumed that the capable UE meets all requirements in 38.101-1 for the UE-specific channel bandwidth on the 100k channel raster.
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Figure 2: additional requirements for UEs capabile of locating the UE-specific channel bandwidth according to RRC.
UE not capable shall meet
1. the transmitter requirements in clause 6.5 outside the channel bandwidth corresponding to the carrierBandwidth indicated in or uplinkConfigCommon or supplementaryUplink for any active BWP size and location but without configuration of a UE-specific bandwidth by ServingCellConfig
hence not only with a BWP size corresponding to the maximum transmission bandwidth configuration (as conformance tested in 38.521-1) and for any possible channel bandwidth that the UE may select on the 100k raster within the cell-specific bandwidth. This is illustrated in Figure 3. In this case the network can at least use the BWP#0 also in connected mode. 

It is remarked that a restriction on the location of the UE-specific bandwidth and the corresponding active BWP is not readily accommodated by the network, BWP sizes and locations are common for all UEs in the cell, whether capable or non-capable of locating a UE-specific channel bandwidth, and subject to other side conditions like PDCCH granularity.
It is also assumed that the non-capable UE meets all requirements in 38.101-1 for the UE-specific channel bandwidth corresponding to the active BWP size located on the 100k channel raster. 
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Figure 3: additional requirements for UEs not capabile of locating the UE-specific channel bandwidth according to RRC.
We observe that all UE would still meet the unwanted emissions requirements outside the cell-specific channel bandwidth and the receiver requirement for supported channel bandwidths on the 100k channel raster. The 3GPP requirement ensure compliance for the case where at least one numerology supported by an “RF channel” is centred on the channel raster compatible with LTE.
The EN harmonised standards for ECC do not contain any channel raster, it is assumed that the requirements are met for all configurable RF channels.

4 Implications of defining additional raster entries on specifications
4.1 Channel raster granularity
The UE-specific CHBW can be located with PRB granularity within a cell-specific BS CHBW according to the RRC specification. The carrier resource grid can be located the global raster subject to restrictions by the SSB location, which means that the UE specific CHBW can be located with the (5 kHz) granularity of the global raster.
Notwithstanding, a requirement that any possible location of the UE-specific CHBW as configured by ServingCellConfig in the 38.331 should correspond to a channel raster entry would mean that a UE-specific CHBW could be located (start or center frequency) at

m*ΔFRaster + n*180 + 90, µ = 0
 ‘UE CHBW odd/even’ and the carrier bandwidth in SIB1 is even/odd
m*ΔFRaster + n*360 + 180, µ = 1
m*ΔFRaster + n*180, µ = 0
               ‘UE CHBW even/odd’ and the carrier bandwidth in SIB1 is even/odd
m*ΔFRaster + n*360, µ = 1
where ‘UE CHBW odd/even’ referring to the maximum transmission bandwidth configuration of the UE channel bandwidth. For ΔFRaster = 100 kHz the above implies a raster granularity of 10 kHz and 20 kHz for the 15k and 30k numerologies, respectively. This is similar to the SCS-based channel raster granularity for mid-bands. Larger granularities imply further restriction while still requiring substantial specification changes.

Example: ΔFRaster = 50 kHz implies that the UE CHBW can be located according to (2*n + 1) = 5/9 * m in the odd/even case and with a granularity of n = 5 PRB in general. For the 20/25 MHz example case this means that the 20 MHz CHBW cannot be located at the start of the carrier resource grid (133 PRB) but must be shifted by +1 PRB and can only be located with 5 PRB granularity. This would constrain configuration of BWPs in the cell that must also account for the PDCCH granularity amongst other factors. 
A raster granularity of 10 kHz would be acceptable if the carrier resource grids are constrained to the 100k channel raster. We make the following observation

Observation 4: should additional channel-raster entries be specified nevertheless a channel raster granularity > 10 kHz would not meet the objective of the work item.
4.2 Impact on specifications
An obvious consequence of specifying additional channel raster entries is that the table in clause 5.4.2.3 has to be updated in all specifications including all conformance specifications.
The channel spacing must also be modified or at least clarified in view of additional channel raster entries. We recall that the minimum requirements apply with the (SIB1) carrier resource grid at a channel raster entry and channels spaced according to

5.4.1.1
Channel spacing for adjacent NR carriers

The spacing between carriers will depend on the deployment scenario, the size of the frequency block available and the channel bandwidths. The nominal channel spacing between two adjacent NR carriers is defined as following:

-
For NR operating bands with 100 kHz channel raster,


Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2

-
For NR operating bands with 15 kHz channel raster,

Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2+{-5 kHz, 0 kHz, 5 kHz} for ∆FRaster equals 15 kHz

Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2+{-10 kHz, 0 kHz, 10 kHz} for ∆FRaster equals 30 kHz

where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective NR carriers. The channel spacing can be adjusted depending on the channel raster to optimize performance in a particular deployment scenario.

Hence additional channel raster entries imply that the nominal carrier spacing must be modified to apply at a sub-set of channel raster entries corresponding to a 100k granularity for backwards compatibility. Which spacing applies? Example: for n90 with both a 100k and an SCS-based raster the requirements must be met at two different channel spacings, presumably. 
Similar clarifications/modifications are needed for the nominal CA spacing, the 100k granularity cannot be changed without NBC problems. 
We observe that

Observation 5: changes to the channel raster implies additional raster entries for all bands to be updated in all specifications including conformance specifications. Not all entries can accommodate an SSB. The nominal carrier spacing must be modified to apply at a sub-set of channel raster entries corresponding to a 100k granularity for backwards compatibility and the nominal CA spacing must be modified for bands with a 100k raster (NBC). 
5 Problems at initial access?

Unlike for LTE, NR was designed with a sparser SS and an SSB that be located anywhere within the carrier bandwidth and location not known by the UE during decoding of the SSB (PBCH). In addition to the SS, the CORESET#0 received is PRB aligned with the carrier grid, and the DL and UL BWP#0 need not be centred on the channel raster. Hence a UE capable of carrying out the initial access procedure has been able to transmit and receive on the respective BWP#0 located with PRB granularity no matter the location and size of UE channel bandwidth selected by the UE before an RRC connection has been established. 
To this end, RAN4 has agreed that

Agreement:

· There is no backwards compatibility issue, the carrierBandwidth advertised in SIB1 does not have to be placed on the 100kHz raster.
One simple example: the UL/DL BWP#0 size = maximum transmission bandwidth configuration of a UE CHBW = the carrier bandwidth advertised in SIB1, but where the latter is off the 100k channel raster. A problem for a UE that can only locate its CHBW (same as the cell BW) on the 100k raster – would this UE attach to the cell and transmit in the UL? If not, this would contradict the agreed “NBC” that the carrierBandwidth advertised in SIB1 does not have to be placed on the 100kHz raster” for some legacy UE. 
Proposal 3: regardless of the solution chosen, any restriction(s) of legacy UE implementations at initial access such as BWP location, carrier bandwidth and SIB1 decoding must be clarified to avoid UE malfunction or failed access in the field.
6 Proposal
Regarding the interpretation of the “RF channel” and applicability of requirements we observe that

Observation 1: if the resource grid size (BS transmission bandwidth configuration) is odd for SCS = 15k, then only one of 15k and 30k resource grids supported by an RF channel can be centred on the 100k channel raster
Observation 2: core requirements in 38.101-1 apply with at least one of the carriers (one per numerology as advertised in SIB1) supported by the RF channel centred on the channel raster. The bandwidth (MHz) of the RF channel accommodates the channel bandwidths of the two carriers. 

Observation 3: conformance test requirements in 38.521-1 are carried out with the carrier centred on the 100k channel raster for each numerology and corresponding channel bandwidth. The BWP#0 is equal to the maximum transmission bandwidth configuration of the channel bandwidth under test, no UE-specific channel bandwidth configured.

and propose that

Proposal 1: make clear in clause 5.4.2.2 of both the BS and UE specifications that the “RF channel” is mapped to the channel raster at the centre of a carrier resource grid for at least one numerology supported by the RF channel as advertised in SIB1. 

The objectives of the work item can be met without adding additional raster entries. For enhancing the channel raster
Proposal 2: do not add additional channel raster entries for the BS and UE, the network should be able to use the RRC specification for configuring the UE with locations of the UE-specific channel bandwidth within a wider cell-specific channel bandwidth. UEs capable of locating the UE-specific channel bandwidth according to RRC (with PRB granularity) are subject to capability and meet additional requirements for the UE-specific channel bandwidth.

For alternative solutions we observe that

Observation 4: should additional channel-raster entries be specified nevertheless a channel raster granularity > 10 kHz would not meet the objective of the work item.

Observation 5: changes to the channel raster implies additional raster entries for all bands to be updated in all specifications including conformance specifications. Not all entries can accommodate an SSB. The nominal carrier spacing must be modified to apply at a sub-set of channel raster entries corresponding to a 100k granularity for backwards compatibility and the nominal CA spacing must be modified for bands with a 100k raster (NBC). 

Proposal 3: regardless of the solution chosen, any restriction(s) of legacy UE implementations at initial access such as BWP location, carrier bandwidth and SIB1 decoding must be clarified to avoid UE malfunction or failed access in the field.
Draft CRs for RAN4 Rel-18 specifications are provided in [3]-[6] including NTN and draft LS to initiate work in RAN2 on the capability is provided in [7]
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