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1. Introduction
A LS [1] is received from RAN4 during RAN2-116bise regarding additional DC location reporting for more than 2 CC are configured for UE, where RAN2 is asked to implement the signalling. RAN2 made the following agreement based on the discussion in RAN2-116bise as following:
For default DC location derivation, the UE signals:
1. the choice of frequency component, among {Activated CC, Configured CC, Activated BWP, Configured BWP}.
2. the choice of UL and/or DL for frequency component, among {UL, DL, Edge most frequencies among any DL and UL}
The network specifies the radio resource configuration (including BWP / CC activation state) for which the UE is requested to report the offset to default DC location. FFS how the radio resource configuration is specified.
Introduce a new release-17 network request for the extended DC location reporting for more than 2 UL CCs.
Upon a new release-17 network request, the UE reports the extended DC location reporting for more than 2 UL CCs, i.e. the release-17 network request does not trigger the reporting of reportUplinkTxDirectCurrent and reportUplinkTxDirectCurrentTwoCarrier-r16

A LS is sent to RAN4 based on the discussion, and another LS [2] is received from RAN4 as the reply in this meeting to further clarify the DC locations and CC group.
In this contribution, we will further discuss the signalling report for DC location offset report.
2. Discussion
Regarding questions 1, the answer is extracted from LS [2] as below:
For an intra-band UL CA configuration, a UE may have one or two default DC locations. For all the CCs within this band, there can be one or two CC groups where each CC group is associated with one default DC location. CC group can consist of multiple CCs. The default DC location framework applies to each CC group.
One or two DC locations are associated with one or two CCs groups within each intra-band UL CA configurations as shown in the figure below:CC group3/DC location3
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This means that the UE needs to signal the CC groups for DC locations, and the default DC location derivation options can be reported for each CC group. 
Proposal 1: The UE signals the CC groups for DC locations, and the default DC location derivation options should be reported for each CC group.
For the default DC location options where default DC location is derived from the configured carrier or configured BWP, there is only one default DC location for each CC group. Therefore, the offsets corresponding to default DC locations derived from the configured carrier or configured BWP can be directly reported per CC group. Considering that the default DC location is in the mathematic center of involved carriers, the offset should be either a negative value or positive value.
Proposal 2: the offsets corresponding to default DC locations options derived from the configured carrier or configured BWP can be directly reported per CC group.
For the options where default DC locations are derived from the active carrier or active BWP, the DC locations vary among different BWP/CC activation state combinations. Therefore, the DC locations should be report per BWPs/CCs activation state combination per CC group.
The example for DC locations report can be summarized as below:

 CC-Groups::=          SEQUENCE (SIZE(1..maxCC-Group)) OF CC-Group                        

CC-Group::=                  SEQUENCE {
    servCellIndexLower                    ServCellIndex,
    servCellIndexHigher                   ServCellIndex,
defaultDCLoactionOption              DefaultDCLoactionOption,
offsetToDefualt                        CHOICE {
       offsetValue           INTEGER (-1650.. 1650),
       offsetlist            SEQUENCE (SIZE(1..maxCombinanation)) OF Offset
} OPTIONAL
}

                                                  
Offset::=                              SEQUENCE {
    offsetValue                   INTEGER (-1650.. 1650),
    cc-BWP-Combination           CC-BWP-Combination
}

DefaultDCLoactionOption::=                          CHOICE {
        ul                                   FrequencyComponent,
        dl                                   FrequencyComponent,
        ulAndDL                             FrequencyComponent
} 

FrequencyComponent ::=  ENUMERATED {activeCarrier,configuredCarrier,activeBWP,configuredBWP }

Proposal 3: the offsets corresponding to default DC location options derived from the active carrier or active BWP should be report per BWPs/CCs activation state combination per CC group.
there are quite many(up to several thousands) possible default DC locations based on the combination of active BWP/carrier in uplink and downlink, and it is not realistic to report all the possible offsets corresponding to each possible default DC locations. It has been agreed that the network specifies the radio resource configuration (including BWP / CC activation state) for which the UE is requested to report the offset to default DC location. The specified radio resource configuration should include the BWP combinations of all configured CC where each CC/BWP can be in active/deactivate state, one example of the requested combination can be encoded as below: 
    RequestCombinationList::=          SEQUENCE (SIZE(1..maxCombinanation)) OF CC-BWP-Combination                        

CC-BWP-Combination::=                 SEQUENCE (SIZE(1..maxCC)) OF CC-State      

CC-State::=                              SEQUENCE {
       dlCarrier          carrierState  OPTIONAL,
       ulCarrier          carrierState  OPTIONAL
}                                                   

carrierState::=                 Choice {
       deActivated          NULL,
       activated             ActiveCarrierState,
}

ActiveCarrierState::=                              SEQUENCE {
       activeBWP             INTEGER (0..maxNrofBWPs-1)  OPTIONAL
}   

Proposal 4: in case the default offsets is derived from the active carrier or active BWP, the network requests DC location offsets by including the BWP combinations of all configured CCs where each CC/BWP can be in active/deactivated state.
RAN4 also indicates that DC locations might be outside of the configured spectrum and the exact location should be known by the network as below:
Additionally, RAN4 has discussed and would like to clarify previous LS that in some cases for intra-band non-contiguous CA with one LO, the DC frequency may be outside the configured spectrum. The exact location of the carrier leakage must be known.  
The current R16 DC location is reported based on the subcarrier location and reference cell index. The special value 3300 is used to indicates “Outside the carrier” as below extracted from TS 38331[3]
UplinkTxDirectCurrentTwoCarrierInfo-r16 ::=   SEQUENCE {
    referenceCarrierIndex-r16                     ServCellIndex,
    shift7dot5kHz-r16                             BOOLEAN,
    txDirectCurrentLocation-r16                   INTEGER (0..3301)
}
Therefore, the current structure is not enough to report exact location outside the configured carriers. It is also unclear what the suitable range is to indicate the outside DC location. Therefore we suggest to decide on how to report the exact DC location outside a configured carrier after RAN4 has a clear decision on the exact DC locations outside the configured carriers.  
Proposal 5: Decide on how to report the exact DC location outside a configured carrier after RAN4 has a clear decision on the exact DC locations outside the configured carriers.  
RAN4 has agreed that one of R16/R17 options can be used for a CA configuration as below:
Agreement (GTW):
For a UL CA configuration in one band combination, there is only one mechanism will be used for DC location(s) reporting. 
Both R16 and R17 DC location reporting are optional.
· If UE supports both R16 and R17 capability, it is up to network to choose which one can be used in a band combination. 
The above means for a BC containing 2 CCs UL intra-band CA blocks and more than 2 CCs UL intra-band CA blocks, the R17 report mechanism should be applied to both 2 CCs UL intra-band CA part and more than 2 CCs UL intra-band CA part to avoid reporting Rel-16 and Rel-17 DC locations at the same time. Thus the Rel-17 DC location report mechanism should be used if the BC contains at least one UL intra-band CA with more than 2 CCs.
Proposal 6: the Rel-17 DC location report mechanism should be used if a configured CA contains at least one UL intra-band CA block with more than 2 CCs, and in this case the report mechanism applies to all the intra-band CA blocks in the BC including 2 CCs UL intra-band CA blocks in this CA to avoid reporting Rel-16 DC location at the same time.
3. Conclusion
Based on the above discussion, we recommend RAN2 to discuss and adopt the following proposals: 
Proposal 1: The UE signals the CC groups for DC locations, and the default DC location derivation options should be reported for each CC group.
Proposal 2: the offsets corresponding to default DC locations options derived from the configured carrier or configured BWP can be directly reported per CC group.
Proposal 3: the offsets corresponding to default DC location options derived from the active carrier or active BWP should be report per BWPs/CCs activation state combination per CC group.
Proposal 4: in case the default offsets is derived from the active carrier or active BWP, the network requests DC location offsets by including the BWP combinations of all configured CCs where each CC/BWP can be in active/deactivated state.
Proposal 5: Decide on how to report the exact DC location outside a configured carrier after RAN4 has a clear decision on the exact DC locations outside the configured carriers.
Proposal 6: the Rel-17 DC location report mechanism should be used if a configured CA contains at least one UL intra-band CA block with more than 2 CCs, and in this case the report mechanism applies to all the intra-band CA blocks in the BC including 2 CCs UL intra-band CA blocks in this CA to avoid reporting Rel-16 DC location at the same time.
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