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1 Background
The discussions on the CA channel spacing and the carrier frequency (channel raster) continued at RAN4#90bis, a WF was agreed in [1]. In this follow-up to [2] we contrinue the discussion on the relation between the UE CA capability reporting and the configuration of the UE bandwidth if not identical to the BS cell bandwidth. Moreover, we discuss the issue of UE bandwidth configuration for initial transmissions raised in [3].

UE CA capability is based on the carrier spacing, if less than the nominal then adjacent channels are considered contiguous. For NR the base station bandwidth can be wider than the UE bandwidth, then the UE behaviour be known if e.g. non-contigous BWP across adjacent cells are configured unless the BS has configured the location of the UE channel bandwidth in the adjacent cells. The UE-specific bandwidths can be used for this purpose, these are configured in RRC reconfiguration of the CA combination. 

Figure 1 shows other possible SCS-dependent configurations of the carrier bandwidths. From a UE perspective, emissions are always with regard to the channel bandwidth (MHz) and the configuration of a single UE bandwidth is not obvious.
[image: image1.png]Reference Channel bandwidth(BW,)

carrierBandwidth1, SCS1 Scenario 1
carrierBandwidth.
BW2, 5C52

Scenario 2

camrierBandwidth BW1, SC

8
i

carrierBandwidth BW2,
SCS2

carrierBandwidth
BW1, 5CS1

Scenario 3

carrierBandwidth
BW?2, 5C52

h
|

5cs2

carrierBandwidthBW1, Scenario 4
scs1 |
carrierBandwidthBW:

carrierBandwidth1, SCS1 Scenario 1
carrierBandwidth
BW2, 5Cs2

Scenario 2

can

carrierBandwidth BW2,
SCs2

F

carrierBandwidth

Scenario 3
BW1, SC51

arrierBandwidth
BW2, SCS2

carrierBandwidthBW1,
SCs1

Scenario 4

andwidthBW.

SCs:





Figure 1: flexible SCS configurations.
One way is to configure a UE-specific bandwidth equal to or larger than the reference channel bandwith if supported by the UE, this is known by the BS when RRC reconfiguration of the CA configuration occurs. Alternatively, the UE uses the cell-specific BS carrier bandwidth for configuration of the UE channel bandwidth, then not necessarily known by the BS. Hence this suggests that
1. UE-specific bandwidths can be configured by the BS if the reference channel bandwidth is supported by the UE

2. otherwise he cell-specific carrier bandwidth are used by the UE for configuring the UE channel bandwidth or whenever the UE-specific bandwidths are not configured
An even more intricate problem is the UE bandwidth configuration for initial transmissions as addressed in [3]. In addition to the band number and additional spectrum emisions, the UE will consider a cell if the UE supports the bandwidth of the initial uplink BWP and of the initial downlink BWPs indicated in the locationAndBandwidth fields in uplinkConfigCommon. The initial BWP also covers the CORESET#0 and is within the cell-specific bandwidth indicated in the serving cell configuration (SIB1). One possibility is that the UE uses the cell-specific bandwidth for the appropriate SCS, this

1. the cell-specific carrier bandwidth are used by the UE for configuring the UE channel bandwidth for intial transmission.
This would still be within the BS bandwidth and thus the operator block.
2 Carrier frequency and the resource grid
Next we recall the relation between the channel raster specifications in RAN4 specifications, the 38.211 and the 38.331.
In 38.211 the generation of the baseband signal (the resource grid) is defined as follows
The time-continuous signal 
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where 
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 is the time within the subframe, 


[image: image9.png]
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 value among the subcarrier spacing configurations by the higher-layer parameter scs-SpecificCarrierList.

and the upconversion by
Modulation and upconversion to the carrier frequency 
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 of the complex-valued OFDM baseband signal for antenna port 
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for all channels and signals except PRACH and by

Hence f0 must be the channel raster point, always centered in the resource grid with the highest SCS indicated (then [image: image19.png]


 is always zero). Note the f0 is not necessarily the actual LO frequency or implies any particular radio architecture. The grid configurations above are indicated in the SCS-SpecificCarrierList in the 38.331 for each SCS.
According to RAN4 specifications, the “carrier frequency” f0 must coincide with subcarrier 0/6 of the centre RB (even/odd grid size) of the higest SCS supported/indicated in the SCS-SpecificCarrierList (by the BS for the FrequencyInfoDL-SIB). This is (almost) consistent with the 38.101-1/2:

5.4.2.2
Channel raster to resource element mapping
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.
Table 5.4.2.2-1: Channel raster to resource element mapping
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stating that the RF reference frequency on the channel raster is mapped to the centre of the grid for at least one numerology. Following 38.211, this mapping always hold for the maximum SCS configured, which implies that the carrier frequency in 38.211 can be identical to the RF reference frequency; the case if the resournce grids are aligned across SCS configurations.
3 Non-contigous CA and location of UE bandwidths

The next problem is the determination of the UE carrier frequency if the UE channel bandwidth is not identical to the BS bandwidth.
In case the BS carrier bandwidth (PRB) is wider than the UE channel bandwith (MHz) capability, the UE behavior may be unknown the dedicated BWP in the two cells are non-contigous and the location of the UE bandwidths are not known. The BWP cannot be used since the UE capability is related to the carrier spacing determined by the channel bandwidths in MHz, see Figure 1. 
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Figure 1: non-contiguous or contiguous depends on the dedicated BWP.
The UE specific bandwidth introduced in December for compliance with regulatory requirements could be used for this purpose. These are configured in the ServingCellConfig during RRCReconfiguration by which the CA combination is configured (based on UE capability). These can also be configured based on the UE capability (SCS support), see Figure 2.
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Figure 2: the UE specific bandwidths used for defining “contiguous” or non-contiguous”.
The UE would use the configured downlinkChannelBW-PerSCS-List and the carrierBandwidth of the highest SCS supported by the UE, i.e. for at least one numerology. The configuratrion of these UE-specific bandwidths in the ServingCellConfig is preumably based on UE capability (e.g. whether or not 60k is supported for FR1 or). The corresponding uplinkChannelBW-PerSCS-List in the UplinkConfig should be consistent (DL and UL bandwidth and channel assignements symmetric).
If these fields are absent or duirng initial transmissions, the UE could use the cell-specific bandwidths whence the BS may not be aware of the actual configuration of the UE channel bandwidth.
The changes to 38.101-1 would look as follows, similarly for 38.101-2, 
5.4.2.2
Channel raster to resource element mapping
The mapping between the RF reference frequency on the channel raster and the center of 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 applies to the resource grid of size [image: image29.png]


 provided in the uplinkChannelBW-PerSCS-List field of the UplinkConfig IE for the UL and the DownlinkChannelBW-PerSCS-List field of the ServingCellConfig IE for the DL for the largest [image: image31.png]


 value among the subcarrier spacing configurations provided. If any of these fields are absent the mapping applies to a resource grid of size [image: image33.png]


 configured in the scs-SpecificCarrierList of the respective UplinkConfigCommon / UplinkConfigCommonSIB IE and DownlinkConfigCommon / DownlinkConfigCommonSIB IE for at least one the [image: image35.png]


 values among the subcarrier spacing configurations supported by the UE.
Table 5.4.2.2-1: Channel raster to resource element mapping
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 within the resource grid
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The parameters [image: image49.png]
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are as defined in [6]. For the carrier bandwidths configured in the uplinkChannelBW-PerSCS-List and DownlinkChannelBW-PerSCS-List fields [image: image55.png]NEizE
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 as specified in [7], with [image: image57.png]


 according to sub-clause 5.3.2.
The maximum SCS configuration can be used for the UE-specific IE since alignment is assued (these are only used for determining the bandwidth location). For the cell-specific IE the UE can use any SCS configuration.

For the 38.104, references will only be made to the IE for the common downlink configuration. 
4 Proposal

It is proposed that the UE carrier frequency is defined using the UE-specific bandwidth specified in the ServingCellConfig; if absent then the UE configures the bandwidth based on the cell-specific carrier bandwidths. 
CRs against 38.101-1, 38.101-2 and 38.104 are supplied in  [4]-[6].
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