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1	Introduction
The DC location reporting was originally introduced in NR Rel-15, and later extended in Rel-16 to cover the case where UE reports two DC locations (see R2-2102207). There has been also one clarification CR to the Rel-16 mechanism (see R2-2109090), clarifying the second DC location is never reported if the SCell is deactivated. In this contribution, we discuss whether there are further cases where the second DC location is not reported.
2	DC location reporting in Rel-16 
The current DC location reporting was aimed for cases when UE can report up to two DC locations, which would typically be the case when UE support dual PA architecture. However, this was never made explicit in the configuration, but the existing field description indicates following:
	secondPA-TxDirectCurrent
The uplink Tx Direct Current location used by the UE with the second PA for the UEs which support dual PA for this uplink carrier aggregation. This field shall be absent for the UplinkTxDirectCurrentTwoCarrier entity where deactivatedCarrier of carrierOneInfo or carrierTwoInfo is set to deactivated.


Hence, as there exist the per-BC capability dualPA-Architecture -see below: 
	dualPA-Architecture
For band combinations with single-band with UL CA, this field indicates the support of dual PA. If absent in such band combinations, the UE supports single PA for all the ULs. For other band combinations, this field is not applicable.


It is not clear if this intends to say that only UEs that indicate this capability shall use this field, or whether UEs that do not support dualPA-Architecture can also indicate two DC location?
However, the UE capability for the Rel-16 DC location reporting makes no mention of the linkage to the dual PA architecture, only to intra-band UL CA (as shown below).
	uplinkTxDC-TwoCarrierReport-r16
Indicates whether the UE supports the uplink Tx Direct Current subcarrier location(s) reporting when configured with uplink CA with two carriers.
It is applicable only for (NG)EN-DC/NE-DC and NR CA where the NR has intra-band uplink CA with two uplink carriers.
	BC
	No
	N/A
	N/A


Observation 1: The Rel-16 DC location reporting is only intended for (NG)EN-DC, NE-DC, and NR intra-band UL CA (i.e. it is NOT intended for NR-DC).
Observation 2: The Rel-16 DC location reporting is implicitly tied to the support of dual PA architecture.
The DC location reporting is also linked to the intra-band UL CA cases, which would typically be contiguous UL CA, in which case it's quite likely UE only uses single PA (with larger bandwidth) anyway. From network viewpoint, this creates ambiguity since the Rel-16 DC location signalling can have larger overhead: If the UE is not dual PA - capable, are there any cases where it could report two DC locations? If there are none, then the Rel-16 DC location reporting need not be used, and network can use the Rel-15 DC location reporting instead. 
Observation 3: Current RAN2 specifications do not clearly indicate whether Rel-16 DC location reporting mechanism is only useful for cases where UE supports the capability dualPA-Architecture.  
While we understand this may be tied to the RAN4 interpretation, it would be at least good to understand the common view in RAN2: If UE doesn't support dualPA-Architecture, will it ever indicate second DC location? In our understanding, this seems not to be the case so we would propose to clarify this in the UE capabilities.
Proposal 1: UE supporting dualPA-Architecture for a BC always reports two DC locations for the BC.
Proposal 2: UE not supporting dualPA-Architecture for a BC always report one DC location for the BC.
Proposal 3: If P1 and P2 are agreed, RAN2 to discuss how to capture them in specifications.
3	Conclusion
This documents has made the following observations:
Observation 1: The Rel-16 DC location reporting is only intended for (NG)EN-DC, NE-DC, and NR intra-band UL CA (i.e. it is NOT intended for NR-DC).
Observation 2: The Rel-16 DC location reporting is implicitly tied to the support of dual PA architecture.
Observation 3: Current RAN2 specifications do not clearly indicate whether Rel-16 DC location reporting mechanism is only useful for cases where UE supports the capability dualPA-Architecture.  
And proposed the following:
Proposal 1: UE supporting dualPA-Architecture for a BC always reports two DC locations for the BC.
Proposal 2: UE not supporting dualPA-Architecture for a BC always report one DC location for the BC.
Proposal 3: If P1 and P2 are agreed, RAN2 to discuss how to capture them in specifications.










Annex A: DC location reporting in RRC and 38.306

DC location reporting signalling and UE capability

[bookmark: _Toc83740380]–	UplinkTxDirectCurrentTwoCarrierList
The IE UplinkTxDirectCurrentTwoCarrierList indicates the Tx Direct Current locations when uplink intra-band CA with two carriers is configured, based on the configured carriers and BWP numerology and the associated carrier bandwidth of the carriers. The UE does not report the uplink Direct Current location information for SUL carrier(s).
UplinkTxDirectCurrentTwoCarrierList information element
-- ASN1START
-- TAG-UPLINKTXDIRECTCURRENTTWOCARRIERLIST-START

UplinkTxDirectCurrentTwoCarrierList-r16 ::=   SEQUENCE (SIZE (1..maxNrofTxDC-TwoCarrier-r16)) OF UplinkTxDirectCurrentTwoCarrier-r16

UplinkTxDirectCurrentTwoCarrier-r16 ::=       SEQUENCE {
    carrierOneInfo-r16                            UplinkTxDirectCurrentCarrierInfo-r16,
    carrierTwoInfo-r16                            UplinkTxDirectCurrentCarrierInfo-r16,
    singlePA-TxDirectCurrent-r16                  UplinkTxDirectCurrentTwoCarrierInfo-r16,
    secondPA-TxDirectCurrent-r16                  UplinkTxDirectCurrentTwoCarrierInfo-r16            OPTIONAL
}

UplinkTxDirectCurrentCarrierInfo-r16 ::=      SEQUENCE {
    servCellIndex-r16                             ServCellIndex,
    servCellInfo-r16                              CHOICE {
        bwp-Id-r16                                    BWP-Id,
        deactivatedCarrier-r16                        ENUMERATED {deactivated}
    }
}

UplinkTxDirectCurrentTwoCarrierInfo-r16 ::=   SEQUENCE {
    referenceCarrierIndex-r16                     ServCellIndex,
    shift7dot5kHz-r16                             BOOLEAN,
    txDirectCurrentLocation-r16                   INTEGER (0..3301)
}

-- TAG-UPLINKTXDIRECTCURRENTTWOCARRIERLIST-STOP
-- ASN1STOP

	UplinkTxDirectCurrentTwoCarrierInfo field descriptions

	referenceCarrierIndex
The serving cell ID of the carrier which is to be used as the reference for interpreting the Tx Direction Current location as reported using txDirectCurrentLocation-r16. The numerology of the uplink BWP ID reported with bwp-Id-r16 for this serving cell is the numerology used for interpreting the reported subcarrier location. 

	shift7dot5kHz
Indicates whether there is 7.5 kHz shift or not. 7.5 kHz shift is applied if the field is set to true. Otherwise 7.5 kHz shift is not applied.

	txDirectCurrentLocation
The uplink Tx Direct Current location for the two carrier uplink CA with the serving cells reported using carrierOneInfo-r16 and carrierTwoInfo-r16. Values in the range of this field between 0 and 3299 indicate the subcarrier index of the uplink Tx Direct Current location with the subcarrier taken from the serving cell with ID referenceCarrierIndex and the numerology of the corresponding uplink BWP reported for this serving cell. Value 3300 indicates "Outside the carrier" and value 3301 indicates "Undetermined position within the carrier".



	UplinkTxDirectCurrentCarrierInfo field descriptions

	bwp-Id
The BWP ID of the serving cell which is part of the two carrier uplink carrier aggregation. The UE shall not report this field if the serving cell is reported as deactivated using deactivatedCarrier-r16.

	deactivatedCarrier
For the reported uplink Tx Direct Current location(s) corresponding to singlePA-TxDirectCurrent-r16, indicates whether the carrier is deactivated or not for this serving cell. If the carrier refers to the PCell, the UE shall not set this field to deactivated.

	servCellIndex
The serving cell ID of the serving cell which is part of the two carrier uplink carrier aggregation.



	UplinkTxDirectCurrentTwoCarrier field descriptions

	carrierOneInfo
The serving cell ID and BWP ID of the first carrier of the uplink carrier aggregation for which the uplink Tx Direct Current location(s) are being reported. 

	carrierTwoInfo
The serving cell ID and BWP ID of the second carrier of the uplink carrier aggregation for which the uplink Tx Direct Current location(s) are being reported.

	singlePA-TxDirectCurrent
The uplink Tx Direct Current location for the UE which support single PA for this uplink carrier aggregation. For the UEs which support dual PA for this uplink carrier aggregation, this field is for reporting the uplink Tx Direct Current location of the first PA.  

	[bookmark: _Hlk95738011]secondPA-TxDirectCurrent
The uplink Tx Direct Current location used by the UE with the second PA for the UEs which support dual PA for this uplink carrier aggregation. This field shall be absent for the UplinkTxDirectCurrentTwoCarrier entity where deactivatedCarrier of carrierOneInfo or carrierTwoInfo is set to deactivated.



	uplinkTxDC-TwoCarrierReport-r16
Indicates whether the UE supports the uplink Tx Direct Current subcarrier location(s) reporting when configured with uplink CA with two carriers.
It is applicable only for (NG)EN-DC/NE-DC and NR CA where the NR has intra-band uplink CA with two uplink carriers.
	BC
	No
	N/A
	N/A




Dual PA architecture capability
[bookmark: _Toc60777435][bookmark: _Toc83740391]–	CA-ParametersNR
The IE CA-ParametersNR contains carrier aggregation and inter-frequency DAPS handover related capabilities that are defined per band combination.
CA-ParametersNR information element
-- ASN1START
-- TAG-CA-PARAMETERSNR-START

CA-ParametersNR ::=                 SEQUENCE {
    dummy                                         ENUMERATED {supported}      OPTIONAL,
    parallelTxSRS-PUCCH-PUSCH                     ENUMERATED {supported}      OPTIONAL,
    parallelTxPRACH-SRS-PUCCH-PUSCH               ENUMERATED {supported}      OPTIONAL,
    simultaneousRxTxInterBandCA                   ENUMERATED {supported}      OPTIONAL,
    simultaneousRxTxSUL                           ENUMERATED {supported}      OPTIONAL,
    diffNumerologyAcrossPUCCH-Group               ENUMERATED {supported}      OPTIONAL,
    diffNumerologyWithinPUCCH-GroupSmallerSCS     ENUMERATED {supported}      OPTIONAL,
    supportedNumberTAG                            ENUMERATED {n2, n3, n4}     OPTIONAL,
    ...
}

CA-ParametersNR-v1540 ::=           SEQUENCE {
    simultaneousSRS-AssocCSI-RS-AllCC                       INTEGER (5..32)         OPTIONAL,
    csi-RS-IM-ReceptionForFeedbackPerBandComb               SEQUENCE {
        maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC            INTEGER (1..64)     OPTIONAL,
        totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC     INTEGER (2..256)    OPTIONAL
    }                                                                               OPTIONAL,
    simultaneousCSI-ReportsAllCC                            INTEGER (5..32)         OPTIONAL,
    dualPA-Architecture                                     ENUMERATED {supported}  OPTIONAL
}

	dualPA-Architecture
For band combinations with single-band with UL CA, this field indicates the support of dual PA. If absent in such band combinations, the UE supports single PA for all the ULs. For other band combinations, this field is not applicable.



