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1 Introduction

In [1], RAN4 sent LS on DC location reporting for intra-band UL CA. The topic was discussed in the RAN plenary meeting and the following WF was endorsed [2]
A mechanism of DC location reporting for intra-band UL CA should be specified in Rel-16

•
RAN2 is tasked to provide at least one RAN2-based signalling solution for at least 2 UL CCs of intra-band UL CA in FR1 to RAN#90, considering forward compatibility to other combinations (more than 2 UL CCs and/or FR2) 


•
Other solutions are not precluded and can be discussed in RAN1, RAN2 and RAN4. Selection between solutions can be discussed at RAN#90 or later (if possible).

In this contribution we discuss on the possible RAN2-based signalling solution, and share our view on the topic. 
2 Discussion
In the RAN4 LS, the following options are listed for enhancing the TX DC location signalling to accommodate UL CA
1) Report TX DC location after every activation of BWP’s including CC activation, BWP switching procedure, etc.
2) Report each TX DC location based on permutations of all possible simultaneously activated BWPs within configured BWPs.
It has been widely acknowledged that option 1) impacts not only RAN2, but it requires further work in RAN1 [3]. Therefore it cannot be treated as RAN2-based signalling solution. In fact this solution may require significant standardization effort, which is quite challenge to complete as a Rel-16 feature. 
Option 2) seems to only require a simple extension of the existing DC location reporting framework. Taking 2 UL CC for example, UE reports a list of 16 entries, of which each entry indicates the DC location of one out of 16 permutations of possibly simultaneously activated BWPs when configured for two cells‎. One concern of this option is the signalling size scales exponentially with the number of UL CCs, which can then be addressed in a later release based on practical use cases. 
Proposal 1
Introduce an additional UplinkTxDirectCurrentList ‎in RRCReconfigurationComplete and RRCResumeComplete in Rel-16, which indicates Tx DC locations for 16 possible serving cell and BWP permutations. Further extension is possible in a later release.
Regarding the signalling details, one aspect is the trigger of the report. It seems possible to reuse the existing trigger as repasted below.
reportUplinkTxDirectCurrent
Enables reporting of uplink and supplementary uplink Direct Current location information upon BWP configuration and reconfiguration. This field is only present when the BWP configuration is modified or any serving cell is added or removed. This field is absent in the IE CellGroupConfig when provided as part of RRCSetup message. If UE is configured with SUL carrier, UE reports both UL and SUL Direct Current locations.
Proposal 2
No new report triggering is needed for the additional list for UL intra-band CA‎.
Another important aspect is about the value range of the parameter txDirectCurrentLocation. More specifically as in the ASN.1 below, it takes a value range between 0 and 3301, where the specific value 3300 indicates "Outside the carrier", and value 3301 indicates "Undetermined position ‎within the carrier"‎. 
-- ASN1START

-- TAG-UPLINKTXDIRECTCURRENTLIST-START

UplinkTxDirectCurrentList ::=           SEQUENCE (SIZE (1..maxNrofServingCells)) OF UplinkTxDirectCurrentCell

UplinkTxDirectCurrentCell ::=           SEQUENCE {

    servCellIndex                           ServCellIndex,

    uplinkDirectCurrentBWP                  SEQUENCE (SIZE (1..maxNrofBWPs)) OF UplinkTxDirectCurrentBWP,

    ...,

    [[

    uplinkDirectCurrentBWP-SUL              SEQUENCE (SIZE (1..maxNrofBWPs)) OF UplinkTxDirectCurrentBWP               OPTIONAL

    ]]

}

UplinkTxDirectCurrentBWP ::=            SEQUENCE {

    bwp-Id                                  BWP-Id,

    shift7dot5kHz                           BOOLEAN,

    txDirectCurrentLocation                 INTEGER (0..3301)

}

-- TAG-UPLINKTXDIRECTCURRENTLIST-STOP

-- ASN1STOP

	UplinkTxDirectCurrentBWP field descriptions

	bwp-Id
The BWP-Id of the corresponding uplink BWP.

	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 carrier. Only values in the value range of this field between 0 and 3299, which indicate the subcarrier index within the carrier corresponding to the numerology of the corresponding uplink BWP and value 3300, which indicates "Outside the carrier" and value 3301, which indicates "Undetermined position within the carrier" are used in this version of the specification.


In the newly introduced list, as DC location needs to be indicate in a pair of UL carriers (e.g., carrier A and B), it shall be able to cover a few different cases, i.e., 

a) A position in carrier  A, 

b) A position in carrier  B,

c) undermined position within carrier  A, 

d) undermined position within carrier  B, and

e) out of carrier A and B

Furthermore, the LS indicates that PA architecture needs to be considered as well. More specifically the following information can be found in the LS. 

For CA, when UE can be configured up to four BWP’s for each cell, there are 16 permutations of possibly ‎simultaneously activated BWPs when configured for two cells. This leaves 16 possible TX DC locations for ‎one implementation with single PA architecture. For CA with dual PA architecture, there can be two DC ‎locations (one for each PA). ‎
For the case of single PA, a simple way is then to use a similar structure as that of the existing UplinkTxDirectCurrentBWP, and add a 1-bit flag which indicates the carrier (assuming the pair of carrier is known based on the signalling structure). 

For dual PA case, the existing list (i.e., UplinkTxDirectCurrentList ‎) is used, so that the two possible Tx direct current locations are derived based on the per carrier/BWP report. 
Proposal 3
The signalling structure is defined in a way that the pair of carriers are known, and an index is used to indicate the carrier in which the Tx DC location is. 

· For single PA case, one Tx DC location is indicated in each entry (for a permutation) in the new list.

· For dual PA case, the existing UplinkTxDirectCurrentList ‎ is used. 
3 Conclusion
Following the RAN plenary guidance, in this contribution we focus on the RAN2-based solution of Tx DC location reporting. Based on some discussions we reach the following proposal for Rel-16. Further enhancements can be left to a later release based on practical use cases.
Proposal 1
Introduce an additional UplinkTxDirectCurrentList ‎in RRCReconfigurationComplete and RRCResumeComplete in Rel-16, which indicates Tx DC locations for 16 possible serving cell and BWP permutations. Further extension is possible in a later release.
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Proposal 2
No new report triggering is needed for the additional list for UL intra-band CA‎.

Proposal 3
The signalling structure is defined in a way that the pair of carriers are known, and an index is used to indicate the carrier in which the Tx DC location is. 

· For single PA case, one Tx DC location is indicated in each entry (for a permutation) in the new list.

· For dual PA case, the existing UplinkTxDirectCurrentList ‎ is used. 

In the appendix we provide TP based on these proposals. 
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Appendix 
TP for DC location reporting for intra-band UL CA
5.3.5.3
Reception of an RRCReconfiguration by the UE

--- unchanged parts skipped ---
1>
if the RRCReconfiguration message includes the sl-ConfigDedicatedEUTRA-Info:

2>
perform related procedures for V2X sidelink communication in accordance with TS 36.331 [10], clause 5.3.10 and clause 5.5.2;

1>
set the content of the RRCReconfigurationComplete message as follows:

2>
if the RRCReconfiguration includes the masterCellGroup containing the reportUplinkTxDirectCurrent:
3>
include the uplinkTxDirectCurrentList for each MCG serving cell with UL;

3>
include uplinkDirectCurrentBWP-SUL for each MCG serving cell configured with SUL carrier, if any, within the uplinkTxDirectCurrentList;
3> include the uplinkTxDirectCurrentCA-List for the MCG serving cells if an SCell is configured for intra-band UL CA;
2>
if the RRCReconfiguration includes the secondaryCellGroup containing the reportUplinkTxDirectCurrent:

3>
include the uplinkTxDirectCurrentList for each SCG serving cell with UL;

3>
include uplinkDirectCurrentBWP-SUL for each SCG serving cell configured with SUL carrier, if any, within the uplinkTxDirectCurrentList;
3> include the uplinkTxDirectCurrentCA-List for the SCG serving cells if an SCell is configured for intra-band UL CA;
2>
if the RRCReconfiguration message includes the mrdc-SecondaryCellGroupConfig with mrdc-SecondaryCellGroup set to eutra-SCG:

--- unchanged parts skipped ---
5.3.13.4
Reception of the RRCResume by the UE
--- unchanged parts skipped ---
1>
set the content of the of RRCResumeComplete message as follows:

2>
if the upper layer provides NAS PDU, set the dedicatedNAS-Message to include the information received from upper layers;

2>
if the upper layer provides a PLMN, set the selectedPLMN-Identity to PLMN selected by upper layers (TS 24.501 [23]) from the PLMN(s) included in the plmn-IdentityList or in the npn-IdentityInfoList in SIB1;
2>
if the masterCellGroup contains the reportUplinkTxDirectCurrent:

3>
include the uplinkTxDirectCurrentList for each MCG serving cell with UL;

3>
include uplinkDirectCurrentBWP-SUL for each MCG serving cell configured with SUL carrier, if any, within the uplinkTxDirectCurrentList;
3> include the uplinkTxDirectCurrentCA-List for the MCG serving cells if an SCell is configured for intra-band UL CA;
2>
if the UE has idle/inactive measurement information concerning cells other than the PCell available in VarMeasIdleReport:

--- unchanged parts skipped ---
6.2.2
Message definitions

--- unchanged parts skipped ---
–
RRCReconfigurationComplete
The RRCReconfigurationComplete message is used to confirm the successful completion of an RRC connection reconfiguration.

Signalling radio bearer: SRB1 or SRB3

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to Network
RRCReconfigurationComplete message

-- ASN1START

-- TAG-RRCRECONFIGURATIONCOMPLETE-START

RRCReconfigurationComplete ::=              SEQUENCE {

    rrc-TransactionIdentifier                   RRC-TransactionIdentifier,

    criticalExtensions                          CHOICE {

        rrcReconfigurationComplete                  RRCReconfigurationComplete-IEs,

        criticalExtensionsFuture                    SEQUENCE {}

    }

}

RRCReconfigurationComplete-IEs ::=          SEQUENCE {

    lateNonCriticalExtension                    OCTET STRING                                                            OPTIONAL,

    nonCriticalExtension                        RRCReconfigurationComplete-v1530-IEs                                    OPTIONAL
}

RRCReconfigurationComplete-v1530-IEs ::=    SEQUENCE {

    uplinkTxDirectCurrentList                   UplinkTxDirectCurrentList                                               OPTIONAL,

    nonCriticalExtension                        RRCReconfigurationComplete-v1560-IEs                                    OPTIONAL
}

RRCReconfigurationComplete-v1560-IEs ::=    SEQUENCE {

    scg-Response                                CHOICE {

        nr-SCG-Response                             OCTET STRING (CONTAINING RRCReconfigurationComplete),

        eutra-SCG-Response                          OCTET STRING
    }                                                                                                                       OPTIONAL,

    nonCriticalExtension                        RRCReconfigurationComplete-v1610-IEs                                    OPTIONAL
}

RRCReconfigurationComplete-v1610-IEs ::=    SEQUENCE {

    ue-MeasurementsAvailable-r16                UE-MeasurementsAvailable-r16                                            OPTIONAL,

    needForGapsInfoNR-r16                       NeedForGapsInfoNR-r16                                                   OPTIONAL,

    nonCriticalExtension                        RRCReconfigurationComplete-v16xy-IEs                                                             OPTIONAL
}

RRCReconfigurationComplete-v16xy-IEs ::=    SEQUENCE {

    uplinkTxDirectCurrentCA-List-r16            UplinkTxDirectCurrentCA-List-r16                                         OPTIONAL,

    nonCriticalExtension                        SEQUENCE {}                                                             OPTIONAL
}

-- TAG-RRCRECONFIGURATIONCOMPLETE-STOP

-- ASN1STOP

	RRCReconfigurationComplete-IEs field descriptions

	needForGapsInfoNR

This field is used to indicate the measurement gap requirement information of the UE for NR target bands.

	scg-Response
In case of NR-DC (nr-SCG-Response), this field includes the RRCReconfigurationComplete message. In case of NE-DC (eutra-SCG-Response), this field includes the E-UTRA RRCConnectionReconfigurationComplete message as specified in TS 36.331 [10].

	uplinkTxDirectCurrentList
The Tx Direct Current locations for the configured serving cells and BWPs if requested by the NW (see reportUplinkTxDirectCurrent in CellGroupConfig).

	uplinkTxDirectCurrentCA-List
The Tx Direct Current locations for intra-band UL CA if requested by the NW (see reportUplinkTxDirectCurrent in CellGroupConfig).


--- unchanged parts skipped ---
–
RRCResumeComplete
The RRCResumeComplete message is used to confirm the successful completion of an RRC connection resumption.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to Network

RRCResumeComplete message

-- ASN1START

-- TAG-RRCRESUMECOMPLETE-START

RRCResumeComplete ::=                   SEQUENCE {

    rrc-TransactionIdentifier               RRC-TransactionIdentifier,

    criticalExtensions                      CHOICE {

        rrcResumeComplete                       RRCResumeComplete-IEs,

        criticalExtensionsFuture                SEQUENCE {}

    }

}

RRCResumeComplete-IEs ::=               SEQUENCE {

    dedicatedNAS-Message                    DedicatedNAS-Message                                                    OPTIONAL,

    selectedPLMN-Identity                   INTEGER (1..maxPLMN)                                                    OPTIONAL,

    uplinkTxDirectCurrentList               UplinkTxDirectCurrentList                                               OPTIONAL,

    lateNonCriticalExtension                OCTET STRING                                                            OPTIONAL,

    nonCriticalExtension                    RRCResumeComplete-v1610-IEs                                             OPTIONAL
}

RRCResumeComplete-v1610-IEs ::=         SEQUENCE {

    idleMeasAvailable-r16                   ENUMERATED {true}                                                       OPTIONAL,

    measResultIdleEUTRA-r16                 MeasResultIdleEUTRA-r16                                                 OPTIONAL,

    measResultIdleNR-r16                    MeasResultIdleNR-r16                                                    OPTIONAL,

    scg-Response-r16                        CHOICE {

        nr-SCG-Response                         OCTET STRING (CONTAINING RRCReconfigurationComplete),

        eutra-SCG-Response                      OCTET STRING
    }                                                                                                               OPTIONAL,

    ue-MeasurementsAvailable-r16            UE-MeasurementsAvailable-r16                                            OPTIONAL,

    mobilityHistoryAvail-r16                ENUMERATED {true}                                                       OPTIONAL,

    mobilityState-r16                       ENUMERATED {normal, medium, high, spare}                                OPTIONAL,

    needForGapsInfoNR-r16                   NeedForGapsInfoNR-r16                                                   OPTIONAL,

    nonCriticalExtension                    RRCResumeComplete-v16xy-IEs                                                              OPTIONAL
}
RRCResumeComplete-v16xy-IEs ::=    SEQUENCE {

    uplinkTxDirectCurrentCA-List-r16            UplinkTxDirectCurrentCA-List-r16                                    OPTIONAL,

    nonCriticalExtension                        SEQUENCE {}                                                         OPTIONAL
}

-- TAG-RRCRESUMECOMPLETE-STOP

-- ASN1STOP

	RRCResumeComplete-IEs field descriptions

	idleMeasAvailable

Indication that the UE has idle/inactive measurement report available.

	measResultIdleEUTRA
EUTRA measurement results performed during RRC_INACTIVE.

	measResultIdleNR
NR measurement results performed during RRC_INACTIVE.

	needForGapsInfoNR

This field is used to indicate the measurement gap requirement information of the UE for NR target bands.

	selectedPLMN-Identity

Index of the PLMN selected by the UE from the plmn-IdentityList or npn-IdentityInfoList fields included in SIB1.

	uplinkTxDirectCurrentList
The Tx Direct Current locations for the configured serving cells and BWPs if requested by the NW (see reportUplinkTxDirectCurrent in CellGroupConfig).

	uplinkTxDirectCurrentCA-List
The Tx Direct Current locations for intra-band UL CA if requested by the NW (see reportUplinkTxDirectCurrent in CellGroupConfig).


--- unchanged parts skipped ---
–
UplinkTxDirectCurrentCA-List
The IE UplinkTxDirectCurrentCA-List indicates the Tx Direct Current locations for intra-band UL CA, based on the BWP numerology and the associated carrier bandwidth.

UplinkTxDirectCurrentCA-List information element

-- ASN1START

-- TAG-UPLINKTXDIRECTCURRENTCA-LIST-START

UplinkTxDirectCurrentCA-List-r16 ::=           SEQUENCE (SIZE (1..maxNrofUplinkTxDirectCurrentSets-r16)) OF UplinkTxDirectCurrentCA-r16
UplinkTxDirectCurrentCA-r16 ::=          SEQUENCE {

servCellIndexList                       SEQUENCE (SIZE (1..maxNrofCellOneSet-r16)) OF ServCellIndex,
bwp-IdList                              SEQUENCE (SIZE (1..maxNrofCellOneSet-r16)) OF BWP-Id,
txDirectCurrentlocationCellIndex        INTEGER (1..maxNrofCellOneSet-r16),
shift7dot5kHz                           BOOLEAN,
txDirectCurrentLocation                 INTEGER (0..3301)
}
-- TAG-UPLINKTXDIRECTCURRENTCA-LIST-STOP

-- ASN1STOP

	UplinkTxDirectCurrentCA field descriptions

	servCellIndexList
A list of serving cell IDs of the serving cells in intra-band UL CA, corresponding to this entry of UplinkTxDirectCurrentCA-List-r16‎.

	bwp-IdList
A list of BWP-Ids of the serving cells in intra-band UL CA, corresponding to this entry of UplinkTxDirectCurrentCA-List-r16.

	txDirectCurrentlocationCellIndex
Indicates an entry in servCellIndexList, which corresponds to the serving cell that txDirectCurrentLocation‎ refers to. Value 1 corresponds to the first serving cell index in the list, value 2 corresponds the second, and so on.

	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 carrier. Only values in the value range of this field between 0 and 3299, which indicate the subcarrier index within the carrier corresponding to the numerology of the corresponding uplink BWP and value 3300, which indicates "Outside the carrier" and value 3301, which indicates "Undetermined position within the carrier" are used in this version of the specification.


--- unchanged parts skipped ---
6.4
RRC multiplicity and type constraint values

–
Multiplicity and type constraint definitions
--- unchanged parts skipped ---
maxNrofUplinkTxDirectCurrentSets-r16    INTEGER ::= 16      -- Maximum number of serving cell and BWP permunations for Tx Direct Current report 

maxNrofCellOneSet-r16                   INTEGER ::= 2       -- Maximum number of serving cells to derive a serving cell and BWP permutation
--- unchanged parts skipped ---

