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Introduction
During last RAN2 meeting, an LS about the IAB-MT channel bandwidth was sent from RAN4 to RAN2 [1]. In this contribution, we discuss the signaling impact on Rel-16 IAB-MT channel bandwidth based on RAN4’s agreements. And then two corresponding TP for TS 38.331 and TS 38.306 respectively are provided.

	RAN4 has discussed definition of IAB-MT channel bandwidth and would like to inform RAN2 of their agreement.

RAN4 decided that IAB-MT declares all the supported channel bandwidths rather than having a mandatory set as current UEs. The parent/donor should be aware of the channel bandwidths supported by the MT. 

RAN2 needs to evaluate the signalling needed due to this newly introduced behaviour. 


Discussion
For R15 UE, the support of the maximum channel bandwidth per band as defined in  TS 38.101-1 and TS 38.101-2 is mandatory. Meanwhile, IOT bits are introduced  for Rel-15 UE to indicate IOT status for the bandwidths lower than the maximum channel bandwidth per SCS[2]. With regard to IAB-MT, RAN4 decided that IAB-MT declares all the supported channel bandwidths rather than having a mandatory set as current UEs [1]. That means IAB-MT’s behaviour is different from R15 UE with regard to the supported channel bandwidths report. Correspondingly, the supported channel bandwidths report signalling needs to be enhanced for IAB-MT. 
Observation: The supported channel bandwidths report signalling needs to be enhanced for IAB-MT due to the newly introduced behaviour defined by RAN4.
For R15 UE, NG-RAN node could obtain UE radio capability information including the supported channel bandwidth  from the UE via RRC message or from AMF. In the deployment of CU/DU split, CU could inform UE radio capability. Figure 1 below shows the UE radio capability report procedure of IAB-MT under the CU/DU split architecture. First, the IAB-MT reports the supported channel bandwidth information to CU by the UECapabilityInformation RRC message. Then, the CU informs it to the IAB-MT’s parent IAB-DU by the UE context associated F1AP message. To be specific, the UE CONTEXT MODIFICATION REQUEST F1AP message or the UE CONTEXT SETUP REQUEST F1AP message. By this way, the parent IAB node can be aware of the channel bandwidths supported by the child IAB-MT.
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Figure1. illustration of how parent/donor obtains IAB-MT’s supported channel bandwidths

In order to support the IAB-MT declares all the supported channel bandwidths rather than having a mandatory set as current Rel-15 NR UE, new IE could be introduced to indicate IOT status for the channel bandwidth. In this paper, we will anyasis the issue in detail. As we know that, the two parameters “ChannelBWs-DL” and “ChannelBWs-UL” in TS38.331 are introduced to indicate IOT status for the bandwidths lower than the maximum channel bandwidth per SCS. Detailed description of these two parameters are shown in the TS38.306 as below.

	channelBWs-DL

Indicates for each subcarrier spacing the UE supported channel bandwidths.
Absence of the channelBWs-DL for a band or absence of specific scs-XXkHz entry for a supported subcarrier spacing means that the UE supports the channel bandwidths among [5, 10, 15, 20, 25, 30, 40, 50, 60, 80, 100] and [50, 100, 200] that were defined in clause 5.3.5 of TS 38.101-1 version 15.7.0 [2] and TS 38.101-2 version 15.7.0 [3] for the given band or the specific SCS entry.

For FR1, the bits starting from the leading / leftmost bit indicate 5, 10, 15, 20, 25, 30, 40, 50, 60 and 80MHz. For FR2, the bits starting from the leading / leftmost bit indicate 50, 100 and 200MHz. The third / rightmost bit (for 200MHz) shall be set to 1.

channelBWs-UL

Indicates for each subcarrier spacing the UE supported channel bandwidths.

Absence of the channelBWs-UL for a band or absence of specific scs-XXkHz entry for a supported subcarrier spacing means that the UE supports the channel bandwidths among [5, 10, 15, 20, 25, 30, 40, 50, 60, 80, 100] and [50, 100, 200] that were defined in clause 5.3.5 of TS 38.101-1 version 15.7.0 [2] and TS 38.101-2 version 15.7.0 [3] for the given band or the specific SCS entry.

For FR1, the bits starting from the leading / leftmost bit indicate 5, 10, 15, 20, 25, 30, 40, 50, 60 and 80MHz. For FR2, the bits starting from the leading / leftmost bit indicate 50, 100 and 200MHz. The third / rightmost bit (for 200MHz) shall be set to 1.


It is a common sense that maximum channel bandwidth per band is mandatory to be supported by the current Rel-15 NR UE. That’s why for FR1, there are 11 channel bandwidths [5, 10, 15, 20, 25, 30, 40, 50, 60, 80, 100]MHz in total for the UL and DL respectively, but only 10 bits are used to indicated the channel bandwidth 5, 10, 15, 20, 25, 30, 40, 50, 60 and 80MHz. Similarly, no indication is required for other non-100MHz maximum channel bandwidth. That is to say, the bitmap for the maximum channel bandwidth per SCS is invalid for FR1. For example, from the Table 5.3.5-1 Channel bandwidths for each NR band of TS38.101-1, we can see that if the NR Band is n1 and the SCS is 15 kHz, there are 4 UE Channel bandwidth: 5MHz, 10MHz, 15MHz, 20MHz. When the UE is going to report the supported UE channel bandwidths, it will only use the IOT status to report the first three channel bandwidths 5MHz, 10MHz, 15MHz, the fourth bit which is used to indicated the 20MHz will be invalid since of mandatory support. Similarly, for FR2, there are three kinds of channel bandwidth[50, 100, 200]MHz for UL and DL respectively, which are indicated by three bits. However, the third/rightmost bit (for 200MHz) shall be set to 1 since of mandatory support.

In order to indicate IOT status for the max channel bandwidth for the IAB-MT for FR1, we should add a NOTE in the TS38.306 that “For the IAB-MT, the bit used to indicate the the maximum channel bandwidth per SCS in the “ChannelBWs-DL” and “ChannelBWs-UL” is valid, the value can be 0 or 1 ”. What’s more, the maximum channel bandwidth-100MHz is not supported by the IOT status. So a new IE “ channelBW-IAB-100mhz” should be added in the TS38.331”FeatureSetUplinkPerCC” and “FeatureSetDownlinkPerCC” IE for IAB-MT to report the the maximum channel bandwidth-100MHz to the parent IAB node. And also, a description about the new IE should be added in the TS38.306.
 For FR2, we can see from the description above, the third/rightmost bit (for 200MHz) shall be set to 1. However, the third/rightmost bit (for 200MHz) can be 0 or 1 for the IAB-MT. In order to indicate IOT status for the max channel bandwidth for the IAB-MT, we should add a NOTE in the TS38.306 that “For the IAB-MT, the third/rightmost bit (for 200MHz) can be 0 or 1”.

In sum, in order to support the IAB-MT declares all the supported channel bandwidths rather than having a mandatory set as current Rel-15 NR UE, new parameters of IAB-MT channel bandwidth IE should be introduced and relative modifications of the TS38.331 and TS38.306 are needed. 
The corresponding TP for TS 38.331 and TS 38.306 respectively are provided in the annex. 

Proposal 1: In order to support the IAB-MT declares all the supported channel bandwidths rather than having a mandatory set as current Rel-15 NR UE, new parameters of IAB-MT channel bandwidth IE should be introduced and relative modifications of the TS38.331 and TS38.306 are needed. 

Proposal 2: Agree the TP for TS 38.331 and TS 38.306 provided in the annex. 

Conclusion
In this contribution, we discussed the remaining issues on the IAB-MT supported channel bandwidths. And we have the following  proposal:

Proposal 1: In order to support the IAB-MT declares all the supported channel bandwidths rather than having a mandatory set as current Rel-15 NR UE, new parameters of IAB-MT channel bandwidth IE should be introduced and relative modifications of the TS38.331 and TS38.306 are needed. 

Proposal 2: Agree the TP for TS 38.331 and TS 38.306 provided in the annex. 
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Annex

TP to TS 38.331

START OF CHANGE

–
FeatureSetDownlinkPerCC

The IE FeatureSetDownlinkPerCC indicates a set of features that the UE supports on the corresponding carrier of one band entry of a band combination.

FeatureSetDownlinkPerCC information element

-- ASN1START

-- TAG-FEATURESETDOWNLINKPERCC-START

FeatureSetDownlinkPerCC ::=         SEQUENCE {

    supportedSubcarrierSpacingDL        SubcarrierSpacing,

    supportedBandwidthDL                SupportedBandwidth,

    channelBW-90mhz                     ENUMERATED {supported}                                                  OPTIONAL,

    maxNumberMIMO-LayersPDSCH           MIMO-LayersDL                                                           OPTIONAL,

supportedModulationOrderDL          ModulationOrder                                                         OPTIONAL,

channelBW-IAB-100mhz                ENUMERATED {supported}                                                  OPTIONAL
}

-- TAG-FEATURESETDOWNLINKPERCC-STOP

-- ASN1STOP

–
FeatureSetUplinkPerCC

The IE FeatureSetDownlinkPerCC indicates a set of features that the UE supports on the corresponding carrier of one band entry of a band combination.

FeatureSetUplinkPerCC information element

-- ASN1START

-- TAG-FEATURESETUPLINKPERCC-START

FeatureSetUplinkPerCC ::=               SEQUENCE {

    supportedSubcarrierSpacingUL            SubcarrierSpacing,

    supportedBandwidthUL                    SupportedBandwidth,

    channelBW-90mhz                         ENUMERATED {supported}                      OPTIONAL,

    mimo-CB-PUSCH                           SEQUENCE {

        maxNumberMIMO-LayersCB-PUSCH            MIMO-LayersUL                               OPTIONAL,

        maxNumberSRS-ResourcePerSet             INTEGER (1..2)

    }                                                                                   OPTIONAL,

    maxNumberMIMO-LayersNonCB-PUSCH         MIMO-LayersUL                               OPTIONAL,

    supportedModulationOrderUL              ModulationOrder                             OPTIONAL,

channelBW-IAB-100mhz                ENUMERATED {supported}                                                  OPTIONAL

}

FeatureSetUplinkPerCC-v1540 ::=       SEQUENCE {

    mimo-NonCB-PUSCH                      SEQUENCE {

        maxNumberSRS-ResourcePerSet           INTEGER (1..4),

        maxNumberSimultaneousSRS-ResourceTx   INTEGER (1..4)

} OPTIONAL
}

-- TAG-FEATURESETUPLINKPERCC-STOP

-- ASN1STOP

END OF CHANGE

TP to TS 38.306
START OF CHANGE

4.2.7.2  BandNR parameters
	Definitions for parameters
	Per
	M
	FDD-TDD

DIFF
	FR1-FR2

DIFF

	additionalActiveTCI-StatePDCCH

Indicates whether the UE supports one additional active TCI-State for control in addition to the supported number of active TCI-States for PDSCH. The UE can include this field only if maxNumberActiveTCI-PerBWP in tci-StatePDSCH is set to n1. Otherwise, the UE does not include this field.
	Band
	Yes
	No
	No

	aperiodicBeamReport

Indicates whether the UE supports aperiodic 'CRI/RSRP' or 'SSBRI/RSRP' reporting on PUSCH. The UE provides the capability for the band number for which the report is provided (where the measurement is performed).
	Band
	Yes
	No
	No

	aperiodicTRS

Indicates whether the UE supports DCI triggering aperiodic TRS associated with periodic TRS.
	Band
	No
	No
	Yes

	bandNR

Defines supported NR frequency band by NR frequency band number, as specified in TS 38.101-1 [2] and TS 38.101-2 [3].
	Band
	Yes
	No
	No

	beamCorrespondenceWithoutUL-BeamSweeping

Indicates how UE supports FR2 beam correspondence as specified in TS 38.101-2 [3], clause 6.6. The UE that fulfils the beam correspondence requirement without the uplink beam sweeping (as specified inTS 38.101-2 [3], clause 6.6) shall set the bit to 1. The UE that fulfils the beam correspondence requirement with the uplink beam sweeping (as specified inTS 38.101-2 [3], clause 6.6) shall set the bit to 0.
	Band
	Yes
	No
	FR2 only

	beamManagementSSB-CSI-RS

Defines support of SS/PBCH and CSI-RS based RSRP measurements. The capability comprises signalling of

-
maxNumberSSB-CSI-RS-ResourceOneTx indicates maximum total number of configured one port NZP CSI-RS resources and SS/PBCH blocks that are supported by the UE for 'CRI/RSRP' and 'SSBRI/RSRP' reporting within a slot and across all serving cells (see NOTE). On FR2, it is mandatory to report >=8; On FR1, it is mandatory with capability signalling to report >=8.

-
maxNumberCSI-RS-Resource indicates maximum total number of configured NZP-CSI-RS resources that are supported by the UE for 'CRI/RSRP' reporting across all serving cells (see NOTE). It is mandated to report at least n8 for FR1.

-
maxNumberCSI-RS-ResourceTwoTx indicates maximum total number of two ports NZP CSI-RS resources that are supported by the UE for 'CRI/RSRP' reporting within a slot and across all serving cells (see NOTE).

-
supportedCSI-RS-Density indicates density of one RE per PRB for one port NZP CSI-RS resource for RSRP reporting, if supported. On FR2, it is mandatory to report either "three" or "oneAndThree"; On FR1, it is mandatory with capability signalling to report either "three" or "oneAndThree".

-
maxNumberAperiodicCSI-RS-Resource indicates maximum number of configured aperiodic CSI-RS resources across all serving cells (see NOTE). For FR1 and FR2, the UE is mandated to report at least n4.

NOTE:
If the UE sets a value other than n0 in an FR1 band, it shall set that same value in all FR1 bands. If the UE sets a value other than n0 in an FR2 band, it shall set that same value in all FR2 bands. The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the FR1 value across all FR1 serving cells and no more than the FR2 value across all FR2 serving cells.
	Band
	Yes
	No
	Yes

	beamReportTiming

Indicates the number of OFDM symbols between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report. The UE provides the capability for the band number for which the report is provided (where the measurement is performed). The UE includes this field for each supported sub-carrier spacing.
	Band
	Yes
	No
	No

	beamSwitchTiming

Indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission. The number of OFDM symbols is measured from the last symbol containing the indication to the first symbol of CSI-RS. The UE includes this field for each supported sub-carrier spacing.
	Band
	No
	No
	FR2 only

	bwp-DiffNumerology

Indicates whether the UE supports BWP adaptation up to 4 BWPs with the different numerologies, via DCI and timer. For the UE capable of this feature, the bandwidth of a UE-specific RRC configured DL BWP includes the bandwidth of the CORESET#0 (if CORESET#0 is present) and SSB for PCell and PSCell (if configured). For SCell(s), the bandwidth of the UE-specific RRC configured DL BWP includes SSB, if there is SSB on SCell(s).
	Band
	No
	No
	No

	bwp-SameNumerology

Defines type A/B BWP adaptation (up to 2/4 BWPs) with the same numerology, via DCI and timer. For the UE capable of this feature, the bandwidth of a UE-specific RRC configured DL BWP includes the bandwidth of the CORESET#0 (if CORESET#0 is present) and SSB for PCell and PSCell (if configured). For SCell(s), the bandwidth of the UE-specific RRC configured DL BWP includes SSB, if there is SSB on SCell(s).
	Band
	No
	No
	No

	bwp-WithoutRestriction

Indicates support of BWP operation without bandwidth restriction. The Bandwidth restriction in terms of DL BWP for PCell and PSCell means that the bandwidth of a UE-specific RRC configured DL BWP may not include the bandwidth of CORESET #0 (if configured) and SSB. For SCell(s), it means that the bandwidth of DL BWP may not include SSB.
	Band
	No
	No
	No

	channelBWs-DL

Indicates for each subcarrier spacing the UE supported channel bandwidths.
Absence of the channelBWs-DL for a band or absence of specific scs-XXkHz entry for a supported subcarrier spacing means that the UE supports the channel bandwidths among [5, 10, 15, 20, 25, 30, 40, 50, 60, 80, 100] and [50, 100, 200] that were defined in clause 5.3.5 of TS 38.101-1 version 15.7.0 [2] and TS 38.101-2 version 15.7.0 [3] for the given band or the specific SCS entry.For IAB-MT,it can also be used to indicate the support of the max channel bandwidth. 

For FR1, the bits starting from the leading / leftmost bit indicate 5, 10, 15, 20, 25, 30, 40, 50, 60 and 80MHz. For FR2, the bits starting from the leading / leftmost bit indicate 50, 100 and 200MHz. The third / rightmost bit (for 200MHz) shall be set to 1.For the IAB-MT, the third / rightmost bit (for 200MHz) can be 0 or 1.
NOTE:
To determine whether the UE supports a specific SCS for a given band, the network validates the supportedSubCarrierSpacingDL and the scs-60kHz.
To determine whether the UE supports a channel bandwidth of 90 MHz, the network may ignore this capability for and validate instead the channelBW-90mhz and the supportedBandwidthCombinationSet. For serving cells with other channel bandwidths the network validates the channelBWs-DL, the supportedBandwidthCombinationSet and supportedBandwidthDL.
To determine whether the IAB-MT supports a channel bandwidth of 100 MHz, the network may ignore this capability for and validate instead the channelBW-IAB-100mhz and the supportedBandwidthCombinationSet. For serving cells with other channel bandwidths the network validates the channelBWs-DL, the supportedBandwidthCombinationSet and supportedBandwidthDL.
	Band
	Yes
	No
	No

	channelBWs-UL

Indicates for each subcarrier spacing the UE supported channel bandwidths.

Absence of the channelBWs-UL for a band or absence of specific scs-XXkHz entry for a supported subcarrier spacing means that the UE supports the channel bandwidths among [5, 10, 15, 20, 25, 30, 40, 50, 60, 80, 100] and [50, 100, 200] that were defined in clause 5.3.5 of TS 38.101-1 version 15.7.0 [2] and TS 38.101-2 version 15.7.0 [3] for the given band or the specific SCS entry.For IAB-MT,it can also be used to indicate the support of  the max channel bandwidth. 
For FR1, the bits starting from the leading / leftmost bit indicate 5, 10, 15, 20, 25, 30, 40, 50, 60 and 80MHz. For FR2, the bits starting from the leading / leftmost bit indicate 50, 100 and 200MHz. The third / rightmost bit (for 200MHz) shall be set to 1.For the IAB-MT, the third / rightmost bit (for 200MHz) can be 0 or 1.
NOTE:
To determine whether the UE supports a specific SCS for a given band, the network validates the supportedSubCarrierSpacingUL and the scs-60kHz.
To determine whether the UE supports a channel bandwidth of 90 MHz the network may ignore this capability for and validate instead the channelBW-90mhz and the supportedBandwidthCombiantionSet. For serving cells with other channel bandwidths the network validates the channelBWs-UL, the supportedBandwidthCombinationSet and supportedBandwidthUL.
To determine whether the IAB-MT supports a channel bandwidth of 100 MHz the network may ignore this capability for and validate instead the channelBW-IAB-100mhz and the supportedBandwidthCombiantionSet. For serving cells with other channel bandwidths the network validates the channelBWs-UL, the supportedBandwidthCombinationSet and supportedBandwidthUL.
	Band
	Yes
	No
	No


END OF CHANGE
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