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1 Background
The specification of the CA channel spacing is ambigous and leads to a definition of non-contigous CA that depends on the sub-carrier spacing. To this end RAN4#90 agreed the following way forward [1]:
CA carrier spacing:

· Consider adoption of the Proposal 1 in R4-1900583: one single nominal spacing applying for all channel rasters 
· FR1
· FR2
· Only one set of requirements for all rasters and SCS
· Other methods are not precluded
EN-DC carrier spacing:

· The same method can be applied but further consideration is needed 
· for bands with multiple rasters (e.g. Band 41/n41), the proposal above needs amendment in case not all rasters are SCS based
· On the ”related” problem (R4-1901838): how to define the UE raster point if the UE bandwidth not equal to BS bandwidth requires further consideration
Furthermore, the definition of non-contigous CA is unclear when the UE channel bandwidth is smaller than (different from) the BS channel bandwidth (in MHz).
In this contribution we propose to use the UE specific carrier BW for the definition of the UE raster point (if not the same as the BS). We also propose a specification of the CA carrier spacing that implies one set of requirements and an unambiguous definition of non-contiguous CA to be used for UE capability indication of supported band combinations.
Accompanying CRs can be for in [2] against 38.101-1, [3] against 38.101-2 [4] against 38.101-3 (EN-DC) and [5] against 38.104.

2 Carrier frequency and the resource grid
First we consider the relation between the channel raster specifications in RAN4 specifications and the 38.211 and 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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 and subcarrier spacing configuration 
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 is the time within the subframe, 
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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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, subcarrier spacing configuration 
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, and OFDM symbol 
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 in a subframe assumed to start at 
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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: image18.png]


 is always zero). Note the f0 is not necessarily the actual LO frequency (this can be indicated separately for the DL) or implies any particular radio architecture.
The grid configurations above are indicated in the SCS-SpecificCarrierList in the 38.331 for each SCS:
FrequencyInfoDL-SIB information element

-- ASN1START

-- TAG-FREQUENCY-INFO-DL-SIB-START

FrequencyInfoDL-SIB ::=             SEQUENCE {

    frequencyBandList                   MultiFrequencyBandListNR-SIB,

    offsetToPointA                      INTEGER (0..2199),

    scs-SpecificCarrierList             SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier

}

-- TAG-FREQUENCY-INFO-DL-SIB-STOP

-- ASN1STOP

–
SCS-SpecificCarrier
The IE SCS-SpecificCarrier provides parameters determining the location and width of the actual carrier. It is defined specifically for a numerology (subcarrier spacing (SCS)) and in relation (frequency offset) to Point A.

-- ASN1START

-- TAG-SCS-SPECIFIC-CARRIER-START

SCS-SpecificCarrier ::=             SEQUENCE {

    offsetToCarrier                     INTEGER (0..2199),

    subcarrierSpacing                   SubcarrierSpacing,

    carrierBandwidth                    INTEGER (1..maxNrofPhysicalResourceBlocks),

    ...,

    [[

    txDirectCurrentLocation-v1530   INTEGER (0..4095)                                       OPTIONAL            -- Need S

    ]]

}

-- TAG-SCS-SPECIFIC-CARRIER-STOP

-- ASN1STOP

According to 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 the UE may or may not support, e.g. 60k), which implies that the carrier frequency in 38.211 is identical to the RF reference frequency. We will use this fact in what follows.

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 carrierbandwidth (channel bandwidth) is wider than the UE channel bandwith capability, the BS carrier frequencies cannot be used by the UE for determining if a CA combination is contiguous or non-contigous, The BWP cannot be used since the carrier spacing is related to the (fixed) channel bandwidths in MHz, see Figure 1. The associated radio requirements for CA combinations apply for channel bandwidths, not BWP.
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Figure 1: non-contiguous or contiguous depends on the dedicated BWP.
The dedicated BWP cannot be used for determining the carrier frequency. However, 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 should also be configured based on the UE capability (SCS support), see Figure 2.
[image: image26.png]Pcell

Scell
Nominal BS bandwidth Nominal BS bandwidth
- >
InitialDownlinkBWP
SCS2 > SCSs1 SCS2 > SCs1
BS DL
SCs1 SCs1
f f >
A fo A 0
BS carrier spacing
Nominal UE bandwidth (MHz)
UE specific DL
Downlink¢channelBW DownlinkchannelBW (SCs1 only) P . U
| > Non-contiguous CA
A fo,spemﬂc fO,spec\'fic

«

>

CA carrier spacing (UE)




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, the UE should use the “cell” bandwidths for the largest SCS supported by the UE (this may not be known by the BS until after UE capability transfer).
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 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 the resource grid of a configured carrierBandwidth for at least one numerology 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 and supported by the UE. If any of these fields are absent the mapping applies to the resource grid of the configured carrierBandwidth in the scs-SpecificCarrierList of the respective DownlinkConfigCommon / DownlinkConfigCommonSIB IE and UplinkConfigCommon / UplinkConfigCommonSIB IE for the largest [image: image28.png]


 value 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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 are as defined in TS 38.211[6].

5.4.2.3
Channel raster entries for each operating band

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

The ingenious solution in [6] with one single nominal spacing applying for all channel rasters 

· FR1:  [image: image38.png]Nominal channel spacing =




· FR2 [image: image39.png]Nominal channel spacing =




and only one set of requirements for all rasters and SCS was not agreed due to concerns with compliance with unwanted emissions requirements due to smaller internal GB implied.

Considering the concerns with unwanted emissions and the lateness of any change, we try minimize the changes and make sure the definition of non-contiguous CA is unambigous
1. for each bandwidth (MHz) combination, use the internal GB for the largest SCS for determining the channel spacing; 

2. the mid gap will still be > 0 Hz even if a smaller SCS is used at full SU given the above spacing;
3. for SCS-based raster the spacing will be a multiple of all supported SCS 

4. a common FFT can be used for aggregated carriers regardless of the SCS supported by the UE
The CA channel spacing is smaller for the largest SCS.
If mixed numerology supported, guard bands will be determined by the largest SCS as shown in Figure 3; this is supported by the approach above (the CA spacing governed by the largest SCS).
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Figure 3: guard band definition when transmitting multiple numerologies
The changes to 38.101-1 would be as follows, similar for 38.101-2,
5.4A.1
Channel spacing for CA

For intra-band contiguous carrier aggregation with two or more component carriers, the nominal channel spacing between two adjacent NR component carriers with carrier frequencies mapped in accordance with clause 5.4.2.2 is defined as the following unless stated otherwise:

For NR operating bands with 100 kHz channel raster:
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For NR operating bands with 15 kHz channel raster:
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where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective NR component carriers according to Table 5.3.2-1 with values in MHz. and the GBChannel(i) the minimum guard band for channel bandwidth i according to Table 5.3.3-1 for the largest [image: image45.png]


 value n among the subcarrier spacing configurations in the the DownlinkChannelBW-PerSCS-List field of the ServingCellConfig IEs of both carriers, while µ1 and µ2 are the largest [image: image47.png]


 values of the subcarrier spacing configurations of the respective component carrier as defined in TS 38.211. 
If the DownlinkChannelBW-PerSCS-List field field is absent the carrier spacing is determined by the scs-SpecificCarrierList of the respective DownlinkConfigCommon / DownlinkConfigCommonSIB IE for the largest [image: image49.png]


 value among the subcarrier spacing configurations supported by the UE.
The channel spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of least common multiple of channel raster and sub-carrier spacing less than the nominal channel spacing to optimize performance in a particular deployment scenario.
For intra-band non-contiguous carrier aggregation the channel spacing between two NR component carriers in different sub-blocks shall be larger than the nominal channel spacing defined in this subclause.

5.4A.2
Channel raster for CA

Now there is only one CA carrier spacing applicable to all [image: image51.png]


 values among the subcarrier spacing configurations in the the DownlinkChannelBW-PerSCS-List field. Hence the definition of non-contigous CA is no longer ambiguous. Resource grids at maximum spectrum utilization for the smaller [image: image53.png]


 values would still fit (also of 60k is used).
5 Carrier spacing for EN-DC
For EN-DC in refarmed bands the approach above can be reused. For band with an SCS-based raster for NR carriers, the carrier spacing may not always be a multiple of the SCS in case the LTE carrier is postioned on an arbitrary 100 kHz raster frequency (then the LTE carrier must be on the SC raster).
6 Proposal

It is proposed that

1. the UE carrier frequency is defined using the UE-specific bandwidth specified in the ServingCellConfig;  otherwise the “cell” bandwidths are used)

2. the CA spacing is determined by the internal GB for the largest SCS supported by the UE.
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