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1	Introduction
RAN4 has sent the LS R2-2200117 to RAN2, requesting to extend the UL DC location reporting for cases where the DC leakage falls outside the configured frequency in FR2 and also for other cases. In this contribution, we discuss what RAN2 needs to do for these cases.
2	UL DC location signalling 
2.1	Default location for UL DC location
RAN4 LS is requesting that UE can signal both the default DC location and an offset from the default DC location to be signalled. For the purposes of this document, we will call this "extended DC location reporting". First, we would note that while this work was initiated under FR2 umbrella, it is not limited to FR2 only and also applies for FR1 UL CA. It was just chosen to be done in only one WI to avoid duplication of work in RAN4. This is also reflected in the objective of the WI (see ) as shown below:
· Specify DC location reporting scheme for intra-band UL CA with more than 2 CCs. Solution should be applicable to FR2 and FR1 (RAN4, RAN2)
Similarly, as the LS also notes, the signalling need not be limited to only 2CC UL CA, which is why RAN4 is requesting to allow it to be future-proof for >2CC UL CA cases.
Observation 0: The "extended DC location reporting" signalling is applicable for both FR1 and FR2 UL CA cases, and should apply for >2CC UL CA cases.
The default DC location is a capability based on "UE bandwidth", which can be one fo the following four alternatives:
1. 	Activated component carrier (i.e. based on activated serving cell carrier bandwidth)
2.	Configured carrier (i.e. based on configured serving cell carrier bandwidth)
3.	Activated BWP (i.e. based on currently active BWP of a serving cell)
4.	Configured BWP (i.e. based on configured BWP of a serving cell)
The differences of these options are illustrated in Figure 1 below.
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Figure 1. Default DC location options
Additionally, the bandwidth may be based on UL, DL or the edge-most frequencies among any DL and UL frequency components, giving additional 3 options for the UE. Finally, the offset then indicates (positive or negative) deviation from the "default" DC location, since it may be impossible for the default location to always apply to all UL (CA) configurations. 
Observation 1: For the extended DC location, signalling should indicate the DC placement via the "default location" option and (positive or negative) offset from the default.
RAN4 also states that it's left up to RAN2 whether this is based on UE capability or dynamic reporting. However, given that the current DC location mechanism is based on UE reporting, it seems natural to follow the same paradigm: UE indicates in UE capabilities that it's capable of reporting the "extended" DC location, and network then queries the information from UE as needed.
Proposal 1: The extended DC location reporting extensions follow the Rel-15 mechanism, where network requests the UL DC location from UE based on UE capability for the DC location reporting.
RAN4 LS also says that the DC is (always) located at the mathematical center of the UE bandwidth (rounded to the subcarrier grid defined for the component carrier on which the DC is located). If this lands on frequencies where there is no subcarrier grid defined (e.g. between frequency bands), the subcarrier grid of the nearest lower frequency component carrier shall be extended to cover the frequency of the DC location.
Observation 2: The reported DC location is always at the "center" of the UE bandwidth (regardless of how the "UE bandwidth") is calculated. This may require extension of subcarrier grid outside the existing bandwidths.
How this exactly translates to signaling parameters (e.g. what is the possible value range for the offset) is still FFS in RAN4 and further input is expected on the matter. 
Observation 3: RAN2 cannot finalize the signalling until RAN4 determines the value range for the DC location offset.
Hence, all RAN2 can do at the moment is consider the general signalling framework and whether it is feasible to do in RRC. This is considered in the next section.
2.2	RRC aspects of UL DC location signalling
There are two aspects to consider: UE capability signalling and the extended DC location reporting. 
For UE capability, it seems sufficient to consider that UE only indicates that it supports the extended DC location reporting, so a simple capability seems sufficient e.g. as shown below:
CA-ParametersNR-v17xy ::=           SEQUENCE {
    extendedDC-LocationReporting-r17              ENUMERATED {supported}  OPTIONAL
}

	extendedDC-LocationReporting-r17
Indicates whether the UE supports the uplink Tx Direct Current subcarrier location(s) reporting using the default location and offset when configured with uplink CA with at least two carriers.
It is applicable only for NR intra-band uplink CA with at least two uplink carriers. 
	BC
	No
	N/A
	N/A



Note that this capability doesn't yet tell anything about the default locations, but only that UE supports the RRC signalling used for reporting the default location and offset.
Proposal 2: Introduce optional per-BC UE capability that indicates whether UE supports the extended DC location signalling with default location and offset.
For the actual DC location signalling, the basic framework seems quite simple: UE indicates the default location option and the offset. This is exemplified in below ASN.1 excerpt, which shows definition of the new signalling and a new request flag corresponding to the UE capability for this.
CellGroupConfig
CellGroupConfig ::=                        SEQUENCE {
    cellGroupId                                CellGroupId,
    rlc-BearerToAddModList                     SEQUENCE (SIZE(1..maxLC-ID)) OF RLC-BearerConfig                        OPTIONAL,   -- Need N
    rlc-BearerToReleaseList                    SEQUENCE (SIZE(1..maxLC-ID)) OF LogicalChannelIdentity                  OPTIONAL,   -- Need N
    mac-CellGroupConfig                        MAC-CellGroupConfig                                                     OPTIONAL,   -- Need M
    physicalCellGroupConfig                    PhysicalCellGroupConfig                                                 OPTIONAL,   -- Need M
    spCellConfig                               SpCellConfig                                                            OPTIONAL,   -- Need M
    sCellToAddModList                          SEQUENCE (SIZE (1..maxNrofSCells)) OF SCellConfig                       OPTIONAL,   -- Need N
    sCellToReleaseList                         SEQUENCE (SIZE (1..maxNrofSCells)) OF SCellIndex                        OPTIONAL,   -- Need N
    ...,
    [[
    reportUplinkTxDirectCurrent                ENUMERATED {true}                                                   OPTIONAL    -- Cond BWP-Reconfig
    ]],
    [[
    bap-Address-r16                            BIT STRING (SIZE (10))                                                  OPTIONAL,   -- Need M
    bh-RLC-ChannelToAddModList-r16             SEQUENCE (SIZE(1..maxBH-RLC-ChannelID-r16)) OF BH-RLC-ChannelConfig-r16 OPTIONAL,   -- Need N
    bh-RLC-ChannelToReleaseList-r16            SEQUENCE (SIZE(1..maxBH-RLC-ChannelID-r16)) OF BH-RLC-ChannelID-r16     OPTIONAL,   -- Need N
    f1c-TransferPath-r16                       ENUMERATED {lte, nr, both}                                              OPTIONAL,   -- Need M
    simultaneousTCI-UpdateList1-r16            SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16)) OF ServCellIndex        OPTIONAL,   -- Need R
    simultaneousTCI-UpdateList2-r16            SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16)) OF ServCellIndex        OPTIONAL,   -- Need R
    simultaneousSpatial-UpdatedList1-r16       SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16)) OF ServCellIndex        OPTIONAL,   -- Need R
    simultaneousSpatial-UpdatedList2-r16       SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16)) OF ServCellIndex        OPTIONAL,   -- Need R
    uplinkTxSwitchingOption-r16                ENUMERATED {switchedUL, dualUL}                                         OPTIONAL,   -- Need R
    uplinkTxSwitchingPowerBoosting-r16         ENUMERATED {enabled}                                                    OPTIONAL    -- Need R
    ]],
    [[
    reportUplinkTxDirectCurrentTwoCarrier-r16  ENUMERATED {true}                                                       OPTIONAL    -- Need N
    ]],
    [[
    reportUplinkTxDirectCurrentExtended-r17    ENUMERATED {true}                                                       OPTIONAL    -- Need N
    ]]
}

RRCReconfigurationComplete (similar can be introduced for RRCResumeComplete)
RRCReconfigurationComplete-v1640-IEs ::=    SEQUENCE {
    uplinkTxDirectCurrentTwoCarrierList-r16     UplinkTxDirectCurrentTwoCarrierList-r16                                 OPTIONAL,
    nonCriticalExtension                        RRCReconfigurationComplete-v17xy-IEs                                                             OPTIONAL
}

RRCReconfigurationComplete-v17xy-IEs ::=    SEQUENCE {
    uplinkTxDirectCurrentExtendedList-r17           UplinkTxDirectCurrentExtendedList-r17                                 OPTIONAL,
    nonCriticalExtension                        SEQUENCE {}                                                             OPTIONAL
}


UplinkTxDirectCurrentExtendedList (new IE for reporting the Extended TxDC information when requested by network)
[bookmark: _Toc83740380]–	UplinkTxDirectCurrentExtendedList
The IE UplinkTxDirectCurrentExtendedList indicates the Tx Direct Current locations when uplink intra-band CA with at least two carriers is configured, based on the configured carriers and BWP numerology and the associated carrier bandwidth of the carriers. 
UplinkTxDirectCurrentExtendedList information element
-- ASN1START
-- TAG-UPLINKTXDIRECTCURRENTEXTENDEDLIST-START

UplinkTxDirectCurrentExtendedList-r17 ::=   SEQUENCE (SIZE (1..maxNrofTxDC-Extended-r17)) OF UplinkTxDirectCurrentExtended-r17

UplinkTxDirectCurrentExtended-r17 ::=       SEQUENCE {
	servingCellTxDCList-r17               SEQUENCE (SIZE (1..maxServCellsTxDC-r17)) OF ServingCellTxDC-r17,
    ...
}

ServingCellTxDC-r17 ::=       SEQUENCE { 
    servCellIndex-r17                   ServCellIndex,
    uplinkDirectCurrentBWP              SEQUENCE (SIZE (1..maxNrofBWPs)) OF UplinkTxDirectCurrentBWP-r17             OPTIONAL,
    ...
}

UplinkTxDirectCurrentBWP-r17 ::=      SEQUENCE {
    dc-DefaultLocation-r17               ENUMERATED {actCC, confCC, actBWP, confBWP},
    dc-FrequencyComponent-r17            ENUMERATED {uplink, downlink, edgeComponents},
    dc-Offset-r17                        INTEGER (-3299..3299)             OPTIONAL
}

-- TAG-UPLINKTXDIRECTCURRENTEXTENDEDLIST-STOP
-- ASN1STOP

	ServingCellTxDC field descriptions

	servCellIndex
Indicates the serving cell index for the DC location information

	uplinkDirectCurrentBWP
The Tx Direct Current locations for all the uplink BWPs configured at the corresponding serving cell.



	UplinkTxDirectCurrentBWP field descriptions

	dc-DefaultLocation
Indicates how the UE default DC location should be calculated when this BWP is used, as defined in TS38.101-2 [39]. 

	dc-FrequencyComponent
Indicates which frequency component is used for the default DC location calculation when this BWP is used, as defined in TS38.101-2 [39]. 

	dc-Offset
Indicates the offset from UE default DC location, as defined in TS38.101-2 [39]. 



Note that this only illustrates the actual signalling of the information: There are some other parts that have not been reflected fully:
· Applicable carriers: The signalling considers multiple carriers with UL, and extension marker has been added to allow further additions. RAN2 still needs to determine what's the maximum number of UL carriers for this signalling.
· Usage with existing UplinkTxDirectCurrentTwoCarrierList-r16: Whether this additional information supersedes or increments the existings TxDC request mechanism for UL CA can be further discussed based on RAN4 information. In case the two mechanisms can be used together, the number of elements in both may need to be the same. However, we see that this mechanism can "stand alone" from the existing mechanisms, and can be applicable for any case.
· Offset value range: The example above uses the current value range for the offset, but this is expected to be different, and the values are just placeholders.
Observation 4: No clear showstoppers are seen with the signalling. A clarification may be needed in RRC that the new signalling can be used without the existing TxDC signalling for 2CC UL CA introduced in Rel-16. 
3	Conclusion
This documents has made the following observations:
Observation 0: The "extended DC location reporting" signalling is applicable for both FR1 and FR2 UL CA cases, and should apply for >2CC UL CA cases.
Observation 1: For extended DC location, signalling should indicate the DC placement via the "default location" option and (positive or negative) offset from the default.
Observation 2: The reported DC location is always at the "center" of the UE bandwidth (regardless of how the "UE bandwidth") is calculated. This may require extension of subcarrier grid outside the existing bandwidths.
Observation 3: RAN2 cannot finalize the signalling until RAN4 determines the value range for the DC location offset.
Observation 4: No clear showstoppers are seen with the signalling. A clarification may be needed in RRC that the new signalling can be used without the existing TxDC signalling for 2CC UL CA introduced in Rel-16. 
And proposed the following:
Proposal 1: The extended DC location reporting extensions follow the Rel-15 mechanism, where network requests the UL DC location from UE based on UE capability for the DC location reporting.
Proposal 2: Introduce optional per-BC UE capability that indicates whether UE supports the extended DC location signalling with default location and offset.
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