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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Hlk53665621]In this contribution, we present our view on the RAN4 LS regarding methods on efficient utilization of licensed spectrum that is not aligned with existing NR channel [1].

2. Discussion
2.1 RAN2 specification

Before trying to answer RAN4’s questions, we will recall the related RAN2 specification. 
Broadcast signalling
The system information broadcast the following downlink/uplink carrier configuration in TS38.331 [3]: 
· For downlink: SIB1-> downlinkConfigCommon-> frequencyInfoDL-> scs-SpecificCarrierList-> SCS-SpecificCarrier
· For uplink: SIB1-> uplinkConfigCommon-> frequencyInfoUL-> scs-SpecificCarrierList-> SCS-SpecificCarrier

	[bookmark: _Toc83740325][bookmark: _Toc60777370]–	SCS-SpecificCarrier
The IE SCS-SpecificCarrier provides parameters determining the location and width of the actual carrier or the carrier bandwidth. It is defined specifically for a numerology (subcarrier spacing (SCS)) and in relation (frequency offset) to Point A.
SCS-SpecificCarrier information element
-- ASN1START
-- TAG-SCS-SPECIFICCARRIER-START

[bookmark: _Hlk85707403]SCS-SpecificCarrier ::=             SEQUENCE {
    offsetToCarrier                     INTEGER (0..2199),
    subcarrierSpacing                   SubcarrierSpacing,
    carrierBandwidth                    INTEGER (1..maxNrofPhysicalResourceBlocks),
    ...,
    [[
    txDirectCurrentLocation         INTEGER (0..4095)                                       OPTIONAL            -- Need S
    ]]
}

-- TAG-SCS-SPECIFICCARRIER-STOP
-- ASN1STOP

	SCS-SpecificCarrier field descriptions

	carrierBandwidth
Width of this carrier in number of PRBs (using the subcarrierSpacing defined for this carrier) (see TS 38.211 [16], clause 4.4.2).

	offsetToCarrier
Offset in frequency domain between Point A (lowest subcarrier of common RB 0) and the lowest usable subcarrier on this carrier in number of PRBs (using the subcarrierSpacing defined for this carrier). The maximum value corresponds to 275*8-1. See TS 38.211 [16], clause 4.4.2.







Dedicated RRC signalling:
The dedicated RRC signalling configures the following downlink/uplink carriers in TS38.331 [3]: 
· For downlink: RRCReconfiguration-> masterCellGroup -> spCellConfig -> spCellConfigDedicated (ServingCellConfig)-> downlinkChannelBW-PerSCS-List -> SCS-SpecificCarrier
· For uplink: RRCReconfiguration-> masterCellGroup -> spCellConfig -> spCellConfigDedicated(ServingCellConfig) -> uplinkChannelBW-PerSCS-List -> SCS-SpecificCarrier

	[bookmark: _Toc83740334][bookmark: _Toc60777379]–	ServingCellConfig
The IE ServingCellConfig is used to configure (add or modify) the UE with a serving cell, which may be the SpCell or an SCell of an MCG or SCG. The parameters herein are mostly UE specific but partly also cell specific (e.g. in additionally configured bandwidth parts). Reconfiguration between a PUCCH and PUCCHless SCell is only supported using an SCell release and add.
ServingCellConfig information element
-- ASN1START
-- TAG-SERVINGCELLCONFIG-START

ServingCellConfig ::=               SEQUENCE {
<ingore unrelated>
    uplinkConfig                        UplinkConfig                                                            OPTIONAL,   -- Need M
<ingore unrelated>
    downlinkChannelBW-PerSCS-List       SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier                     
<ingore unrelated>
}
UplinkConfig ::=                    SEQUENCE {
<ingore unrelated>
    uplinkChannelBW-PerSCS-List         SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier                     OPTIONAL    -- Need S
<ingore unrelated>
}


	downlinkChannelBW-PerSCS-List
A set of UE specific channel bandwidth and location configurations for different subcarrier spacings (numerologies). Defined in relation to Point A. The UE uses the configuration provided in this field only for the purpose of channel bandwidth and location determination. If absent, UE uses the configuration indicated in scs-SpecificCarrierList in DownlinkConfigCommon / DownlinkConfigCommonSIB. Network only configures channel bandwidth that corresponds to the channel bandwidth values defined in TS 38.101-1 [15] and TS 38.101-2 [39].




	uplinkChannelBW-PerSCS-List
A set of UE specific channel bandwidth and location configurations for different subcarrier spacings (numerologies). Defined in relation to Point A. The UE uses the configuration provided in this field only for the purpose of channel bandwidth and location determination. If absent, UE uses the configuration indicated in scs-SpecificCarrierList in UplinkConfigCommon / UplinkConfigCommonSIB. Network only configures channel bandwidth that corresponds to the channel bandwidth values defined in TS 38.101-1 [15] and TS 38.101-2 [39].







From the above specification, there are the following observations:
Observation 1: For carrier configuration, broadcast and dedicated RRC signalling use the same structure, i.e., SCS-SpecificCarrier, wherein the offsetToCarrier is used to determine the staring position, and the “carrierBandwidth” is used to determine the channel width, wherein the unit is PRB.
Observation 2: For carrier configuration, dedicated RRC signalling can be used to configure UE specific channel bandwidth and location, i.e., it can be different from the one in system information. However, Network only configures channel bandwidth that corresponds to the channel bandwidth values defined in TS 38.101-1 and TS 38.101-2.

The dedicated RRC signalling configures the following downlink/uplink BWPs in TS38.331 [3]: 
· For downlink: RRCReconfiguration-> masterCellGroup -> spCellConfig -> spCellConfigDedicated(ServingCellConfig) -> downlinkBWP-ToAddModList-> BWP-Downlink -> bwp-Common -> genericParameters ->BWP
· For uplink: RRCReconfiguration-> masterCellGroup -> spCellConfig -> spCellConfigDedicated(ServingCellConfig) -> uplinkBWP-ToAddModList -> BWP-Uplink -> bwp-Common -> genericParameters ->BWP


	–	BWP
The IE BWP is used to configure generic parameters of a bandwidth part as defined in TS 38.211 [16], clause 4.5, and TS 38.213 [13], clause 12.
For each serving cell the network configures at least an initial downlink bandwidth part and one (if the serving cell is configured with an uplink) or two (if using supplementary uplink (SUL)) initial uplink bandwidth parts. Furthermore, the network may configure additional uplink and downlink bandwidth parts for a serving cell.
The uplink and downlink bandwidth part configurations are divided into common and dedicated parameters.
BWP information element
-- ASN1START
-- TAG-BWP-START

BWP ::=                             SEQUENCE {
    locationAndBandwidth                INTEGER (0..37949),
    subcarrierSpacing                   SubcarrierSpacing,
    cyclicPrefix                        ENUMERATED { extended }                                                 OPTIONAL    -- Need R
}

-- TAG-BWP-STOP
-- ASN1STOP

	locationAndBandwidth

Frequency domain location and bandwidth of this bandwidth part. The value of the field shall be interpreted as resource indicator value (RIV) as defined TS 38.214 [19] with assumptions as described in TS 38.213 [13], clause 12, i.e. setting =275. The first PRB is a PRB determined by subcarrierSpacing of this BWP and offsetToCarrier (configured in SCS-SpecificCarrier contained within FrequencyInfoDL / FrequencyInfoUL / FrequencyInfoUL-SIB / FrequencyInfoDL-SIB within ServingCellConfigCommon / ServingCellConfigCommonSIB) corresponding to this subcarrier spacing. In case of TDD, a BWP-pair (UL BWP and DL BWP with the same bwp-Id) must have the same center frequency (see TS 38.213 [13], clause 12)






Observation 3: For BWP configuration, there is no restriction of BWP position in RAN2 specification.

UE capability:
The UE capability is described in TS38.331 [3] and TS38.306 [4]: 
UE-NR-Capability -> rf-Parameters -> supportedBandListNR -> BandNR
	TS38.331:
BandNR ::=                          SEQUENCE {
    bandNR                              FreqBandIndicatorNR,
<ingore unrelated>
    channelBWs-DL                       CHOICE {
        fr1                                 SEQUENCE {
            scs-15kHz                           BIT STRING (SIZE (10))                      OPTIONAL,
            scs-30kHz                           BIT STRING (SIZE (10))                      OPTIONAL,
            scs-60kHz                           BIT STRING (SIZE (10))                      OPTIONAL
        },
        fr2                                 SEQUENCE {
            scs-60kHz                           BIT STRING (SIZE (3))                       OPTIONAL,
            scs-120kHz                          BIT STRING (SIZE (3))                       OPTIONAL
        }
    }                                                                                   OPTIONAL,
    channelBWs-UL                       CHOICE {
        fr1                                 SEQUENCE {
            scs-15kHz                           BIT STRING (SIZE (10))                      OPTIONAL,
            scs-30kHz                           BIT STRING (SIZE (10))                      OPTIONAL,
            scs-60kHz                           BIT STRING (SIZE (10))                      OPTIONAL
        },
        fr2                                 SEQUENCE {
            scs-60kHz                           BIT STRING (SIZE (3))                       OPTIONAL,
            scs-120kHz                          BIT STRING (SIZE (3))                       OPTIONAL
        }
    }                                                                                   OPTIONAL,
...,
<ingore unrelated>
}


TS38.306:

	channelBWs-DL
Indicates for each subcarrier spacing the UE supported channel bandwidths.
Absence of the channelBWs-DL (without suffix) 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, to determine whether the IAB-MT supports a channel bandwidth of 100 MHz, the network checks channelBW-DL-IAB-r16.
For FR1, the bits in channelBWs-DL (without suffix) starting from the leading / leftmost bit indicate 5, 10, 15, 20, 25, 30, 40, 50, 60 and 80MHz. For FR2, the bits in channelBWs-DL (without suffix) starting from the leading / leftmost bit indicate 50, 100 and 200MHz. The third / rightmost bit (for 200MHz) shall be set to 1. For IAB-MT the third / rightmost bit (for 200MHz) is ignored. To determine whether the IAB-MT supports a channel bandwidth of 200 MHz, the network checks channelBW-DL-IAB-r16.
For FR1, the leading/leftmost bit in channelBWs-DL-v1590 indicates 70MHz, the second leftmost bit indicates 45MHz, the third leftmost bit indicates 35MHz, the fourth leftmost bit indicates 100MHz and all the remaining bits in channelBWs-DL-v1590 shall be set to 0. The fourth leftmost bit (for 100MHz) is not applicable for bands n41, n48, n77, n78, n79 and n90 as defined in TS 38.101-1 [2].

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 and validate instead the channelBW-90mhz, the supportedBandwidthCombinationSet and the supportedBandwidthCombinationSetIntraENDC. For serving cell(s) with other channel bandwidths the network validates the channelBWs-DL, the supportedBandwidthCombinationSet, the supportedBandwidthCombinationSetIntraENDC, the asymmetricBandwidthCombinationSet (for a band supporting asymmetric channel bandwidth as defined in clause 5.3.6 of TS 38.101-1 [2]) and supportedBandwidthDL.

	channelBWs-UL
Indicates for each subcarrier spacing the UE supported channel bandwidths.
Absence of the channelBWs-UL (without suffix) 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, to determine whether the IAB-MT supports a channel bandwidth of 100 MHz, the network checks channelBW-UL-IAB-r16.
For FR1, the bits in channelBWs-UL (without suffix) starting from the leading / leftmost bit indicate 5, 10, 15, 20, 25, 30, 40, 50, 60 and 80MHz. For FR2, the bits in channelBWs-UL (without suffix) starting from the leading / leftmost bit indicate 50, 100 and 200MHz. The third / rightmost bit (for 200MHz) shall be set to 1. For IAB-MT the third / rightmost bit (for 200MHz) is ignored. To determine whether the IAB-MT supports a channel bandwidth of 200 MHz, the network checks channelBW-UL-IAB-r16.
For FR1, the leading/leftmost bit in channelBWs-UL-v1590 indicates 70 MHz, the second leftmost bit indicates 45MHz, the third leftmost bit indicates 35MHz, the fourth leftmost bit indicates 100MHz and all the remaining bits in channelBWs-UL-v1590 shall be set to 0. The fourth leftmost bit (for 100MHz) is not applicable for bands n41, n48, n77, n78, n79 and n90 as defined in TS 38.101-1 [2].

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 and validate instead the channelBW-90mhz, the supportedBandwidthCombinationSet and the supportedBandwidthCombinationSetIntraENDC. For serving cell(s) with other channel bandwidths the network validates the channelBWs-UL, the supportedBandwidthCombinationSet, the supportedBandwidthCombinationSetIntraENDC, the asymmetricBandwidthCombinationSet (for a band supporting asymmetric channel bandwidth as defined in clause 5.3.6 of TS 38.101-1 [2]) and supportedBandwidthUL.






Observation 4: The UE capability (i.e., supported channel bandwidths) is per band. RAN2’s base assumption is that configured carriers or BWPs should be within the range of corresponding band.

Based on the above, we suggest to provide the following response.

2.2 Question 1: For the wider CBW

RAN4 question#1: 
· For the wider CBW:
· clarify if there is any limitation for the UL carrier positions (not just BWP positions) legacy UEs support for uplinkChannelBW-PerSCS-List and scs-SpecificCarrierList in symmetric operating bands with a fixed duplex distance and asymmetric UL/DL channel bandwidth.
· confirm UE behaviour if it is possible to configure a carrier that is not fully contained in the NR band, i.e. the carrier can extend beyond the low edge of the band and/or the high edge of the band? 

Draft RAN2 reply:
From the view of ASN.1, RAN 2 specification does not restrict the configuration of UL carrier/BWP position and channel bandwidth. However, there is a restriction description that for dedicated carrier configuration network only configures channel bandwidth that corresponds to the channel bandwidth values defined in TS 38.101-1 and TS 38.101-2. RAN2 would like to note that UE capability (i.e., supported channel bandwidths) is per band and RAN2’s base assumption is that configured carriers or BWPs should be within the range of corresponding band. If the configured carrier extends beyond the low edge of the band and/or the high edge of the band, no UE behavior is defined in RAN2’s specification.

2.3 Question 2: For the overlapping CBWs from network perspective (one cell approach)

RAN4 question#2: 
· For the overlapping CBWs from network perspective (one cell approach):
· clarify whether a single SSB and CORESET (e.g. for cases where irregular BWs >10 MHz where a 4.28 MHz wide initial BWP can be in the common frequency range), can be used to configure UEs with different channel BWs on different parts of the BS channel.  
· clarify whether two time staggered SSBs and CORESET#0 on the same frequency (when the frequency separation is not enough to send them simultaneously at the same time and thus time staggering is needed) are supported in RAN1/2 specifications so that UEs configured with left and right channels of the next smaller regular size can track their own time staggered SSB and CORESET#0. 

Draft RAN2 reply:
RAN2 specification supports configuring different UEs with different channel BWs on the BS channel, and also supports configuring two time staggered SSBs and CORESET#0 on the same frequency.

2.4 Question 3: For the overlapping CBWs from UE perspective (two cell approach / CA approach)

RAN4 question#3: 
· For the overlapping CBWs from UE perspective (two cell approach / CA approach):
· if two different Bandwidth Parts for the UE are overlapping, and both contain a subset of CSI-RS resources that are mapped to the same subset of overlapping RBs for the same UE, please clarify how does UE report CSI for the overlapped part, e.g. does UE report CSI for each cell separately, or just once for the overlapping part, or something else?
· clarify how PDCCH reception in overlapped CA when PCell and SCell PDCCH resources partially overlap and whether there are any impacts to cross-carrier scheduling

Draft RAN2 reply:
For the questions of CSI-RS, PDCCH reception and cross-carrier scheduling, RAN2 leaves them for RAN1 to answer. RAN2 would like to note that RAN2’s signalling configuration (CA configuration) and UE capability (i.e., band combination) do not restrict configuring overlapping CA, but RAN2’s assumption is non-overlapping CA. 

2.5 Question 4: For the overlapping CBWs from UE perspective (one cell approach)

RAN4 question#4: 
· For the overlapping CBWs from UE perspective (one cell approach):
· Is it possible to configure the UE with a dedicated carrierBandwidth in the ServingCellConfig that is wider than/partially outside the carrierBandwidth configured in SIB1?
· Clarify for equalization purposes in the DL, does the BS need to know the split between the subset of PRBs from a main RF carrier versus PRBs from an additional RF carrier are received on different channel/antenna before combining. If pre-coding assumes all PRBs experience the same channel/antenna, is signalling required so that BS pre-coding can account for the path differences of main carrier PRBs and additional carrier PRBs.

Draft RAN2 reply:
RAN2 specification affirmatively supports UE-specific carrier configuration. RAN2 understands that dedicated carrierBandwidth in the ServingCellConfig can be configured to be wider than/partially outside the carrierBandwidth configured in SIB1. RAN2 would like to note that for dedicated carrierBandwidth in the ServingCellConfig network only configures channel bandwidth that corresponds to the channel bandwidth values defined in TS 38.101-1 and TS 38.101-2.

3. Conclusion
It is proposed to take the discussions in this contribution into account for the LS reply to RAN4. 
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