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[bookmark: _Ref165266342]Introduction
For the topic of DC location report in case of more than 2 CC are configured for UE, an LS [1] was sent from RAN4 to ask RAN2 to define the signalling during RAN2#116bis e-meeting. In RAN2#116bis e-meeting, the following agreements were achieved:
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.
Furthermore, an LS was sent to RAN4 based on the discussion and another LS [2] is received from RAN4 as the reply during RAN2#118 e-meeting. Based on the LS, the following agreements were further achieved and a CR [3] was endorsed as baseline for further work.
[045] P1: DC location (frequency component option and offset to default) is signalled per CC group. For determination of each CC group, the UE signals the lowest CC/serving cell and the highest CC/serving cell. These parameters are signalled in RRCReconfigurationComplete and RRCResumeComplete.
[045] P2: Network request for the extended DC location reporting for more than 2 UL CCs is introduced in CellGroupConfig. 
[bookmark: _Hlk110331291][045] P3: As part of the network request, the network indicates the combinations of UL and DL CC state of each serving cell per UL intra-band CA component of the configured CA band combination. “CC state” indicates CC activation state and the active BWP of the activated CC.
[045] P4: For UE capability signalling, wait for RAN4 conclusion on the UE feature list.
[045] P5: FFS: DC location reporting for a band combination in which multiple UL intra-band CA components with >2CCs and with <=2CCs are included.
In this meeting, RAN4 sent another LS [4] to ask RAN2 to take RAN4 conclusions into consideration in signaling design.
In this contribution, to draw a full picture of DC location report for Rel-17, first, we will discuss the remaining issues on this topic based on the endorsed CR and agreements; secondly, we will analyze the impact on the endorsed CR according to the latest LS.
Discussion
Clarify the calculation of the default DC location 
For the calculation of default DC location, we wonder to know whether UE can calculate default DC location for different CC/BWP combinations based on different frequency components in a CC group. An example of such a scenario is as follows. In a CC group, for one CC/BWP combination, UE calculates the default DC location based on one frequency component type (e.g. configuredCarrier) and for another CC/BWP combination, UE calculates the default DC location based on another frequency component type (e.g. activeCarrier). 
According to the LS [2], RAN4 has concluded that frequency component type is same for both default DC locations for different CC groups. So in our understanding, frequency component type is same for default DC locations for different CC/BWP combinations in a CC group. But this depends on RAN4, an LS should be sent to RAN4 to confirm the understanding, we provide a draft LS for reference in [5].
Proposal 1: Send an LS to RAN4 to confirm that frequency component type is same for default DC locations for different CC/BWP combinations in a CC group.
If RAN4 confirms that frequency component type is only allowed to be same for different CC/BWP combinations in a CC group, if the frequency component type is configuredCarrier or configuredBWP, the default DC location is same for all the requested CC/BWP combinations, there are two ways to report offsetToDefault as follows:
· Option 1: offsetValue is used as in the endorsed CR;
If RAN2 sticks to option 1 for saving the signaling overhead, RAN2 needs to further clarify that all requested CC/BWP combinations associated DC location offset are offsetValue. An example of the clarification is as below:
	[bookmark: _Hlk110267642]OffsetToDefault
Indicates the DC location offset to the defatul DC location derived from defaultDCLoactionOption.
offsetValue is used in case DefaultDCLoactionOption is set to configuredCarrier or configuredBWP, indicate that all request CC combinations associated DC location offset to the defatul DC location is offsetValue.
offsetlist is used in case DefaultDCLoactionOption is set to activeCarrier or activeBWP. Each entity in this list correspondes to the entry in CC combination in IntraBandCC-CombinationReqList with same order. If DefaultDCLoactionOption is set the activeCarrier, only one offsetValue is signalled for all requested CC combinations share same active CC states(regardless of the active BPW index) 


· Option 2: offsetlist is used.
If no signaling optimization is considered and option 2 is adopted, each entity in this list corresponds to the entry in CC/BWP combination in IntraBandCC-CombinationReqList with same order, furthermore, the value of each entity in this list is same. An example of the ASN.1 structure is as below:
-- ASN1START
-- TAG-UPLINKTXDIRECTCURRENTMORECARRIERLIST-START

UplinkTxDirectCurrenCarrierList-r17 ::=   SEQUENCE (SIZE (1..maxNrofCC-Group-r17)) OF CC-Group-r17

CC-Group-r17 ::=       SEQUENCE {
    servCellIndexLower-r17                             ServCellIndex,
    servCellIndexHigher-r17                            ServCellIndex, optional
    defaultDCLoactionOption-r17                        DefaultDCLoactionOption-r17,
    offsetToDefualt-r17                                CHOICE {
                                                       offsetValue           INTEGER (-1650.. 1650),
                                                       offsetlist
            SEQUENCE (SIZE(1..maxNrofReqCombinationDC-Location)) OF OffsetPerRequest-r17
                                                       } OPTIONAL
}

OffsetPerRequest-r17::=                              SEQUENCE {
    offsetValue-r17                   INTEGER (-1650.. 1650)            OPTIONAL
}

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

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


-- TAG-UPLINKTXDIRECTCURRENTMORECARRIERLIST-STOP
-- ASN1STOP

	OffsetToDefault
Indicates the DC location DC location offset to the default DC location derived from defaultDCLoactionOption.
offsetValue is used in case DefaultDCLoactionOption is set to configuredCarrier or configuredBWP
offsetlist is used in case DefaultDCLoactionOption is set to activeCarrier or activeBWP. Each entity in this list correspondes to the entry in CC combination in IntraBandCC-CombinationReqList with same order. In case DefaultDCLoactionOption is set to configuredCarrier or configuredBWP, the value of each entity in this list is same. If DefaultDCLoactionOption is set the activeCarrier, only one offsetValue is signalled for all requested CC combinations share same active CC states(regardless of the active BPW index) 


[bookmark: OLE_LINK3]Proposal 2: If the frequency component type is only allowed to be same for different CC/BWP combinations in a CC group, if the frequency component type is configuredCarrier or configuredBWP, adopt one of the following options to report DC location offset:
· Option 1: offsetValue is used, further clarify that all requested CC combinations associated DC location offset are offsetValue;
· Option 2: offsetlist is used and the value of each entity in this list is same.
Analyses of LS R4-2210782 
Offset range
According to the latest LS from RAN4, the maximum offset range is ±300 MHz for FR1 and ±1200 MHz for FR2, and the granularity is the lowest subcarrier spacing used in the CA configuration. So the offset range is (-20000, 20000) both for FR1 (300MHz/15kHz) and FR2 (1200MHz/60kHz). An example of ASN.1 of the offset range is as below:
  offsetValue-r17                   INTEGER (-20000.. 20000)
Proposal 3: The offset range is (-20000, 20000) both for FR1 and FR2.
Applicability update
[bookmark: _Hlk110276485]According to the latest LS, since in addition to >2CC case, the R17 DC location reporting scheme is also applicable for 2CCs and single UL carrier within CA, RAN2 should modify the name and description of R17 IE for DC location report (i.e.,UplinkTxDirectCurrentMoreCarrierList) to support such applicability. An example is listed as follows:
	–	UplinkTxDirectCurrentMoreCarrierListExt
The IE UplinkTxDirectCurrentMoreCarrierListExt indicates the Tx Direct Current locations when at least one uplink intra-band CA with more than two carriers is configured for a band combination, 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).


Proposal 4: Modify the name and description of R17 IE for DC location report (i.e., UplinkTxDirectCurrentMoreCarrierList) to make the R17 DC location reporting scheme also applies for 2CCs and single UL carrier within CA.
According to the endorsed CR, the serving cell index of the lowest edge and the serving cell index of the highest edge are mandatorily present, but we think it is unclear in case of single UL carrier is configured for UE or single CC is included in a CC group. Two options can be adopted if single CC is included in a CC group to enable the network to correctly understand the CC included in the CC group.
· Option 1: If the value of servCellIndexHigher is same as servCellIndexLower, single CC is included in the CC group.
CC-Group-r17 ::=       SEQUENCE {
    servCellIndexLower-r17                             ServCellIndex,
    servCellIndexHigher-r17                            ServCellIndex,
    defaultDCLoactionOption-r17                        DefaultDCLoactionOption-r17,
    offsetToDefualt-r17                                CHOICE {
                                                       offsetValue           INTEGER (-1650.. 1650),
                                                       offsetlist
            SEQUENCE (SIZE(1..maxNrofReqCombinationDC-Location)) OF OffsetPerRequest-r17
                                                       } OPTIONAL
}

	servCellIndexLower 
Indicates the serving cell index of the loweest edge of the CC group. 

	servCellIndexHiger 
Indicates the serving cell index of the highest edge of the CC group. If the value of servCellIndexHigher is same as servCellIndexLower, single CC is included in the CC group.


· Option 2: If servCellIndexHigher is absent, single CC is included in the CC group.
CC-Group-r17 ::=       SEQUENCE {
    servCellIndexLower-r17                             ServCellIndex,
    servCellIndexHigher-r17                            ServCellIndex,   OPTIONAL,
    defaultDCLoactionOption-r17                        DefaultDCLoactionOption-r17,
    offsetToDefualt-r17                                CHOICE {
                                                       offsetValue           INTEGER (-1650.. 1650),
                                                       offsetlist
            SEQUENCE (SIZE(1..maxNrofReqCombinationDC-Location)) OF OffsetPerRequest-r17
                                                       } OPTIONAL
}


	servCellIndexLower 
Indicates the serving cell index of the loweest edge of the CC group. 

	servCellIndexHiger 
Indicates the serving cell index of the highest edge of the CC group. If this field is absent, single CC is included in the CC group.


Proposal 5: If single CC is included in a CC group, one of the following options can be adopted:
· Option 1: UE sets the value of servCellIndexHigher same as the value of servCellIndexLower;
· Option 2: UE only sets the value of servCellIndexLower, the servCellIndexHigher IE is absent.
Compatibility with R15/R16 reporting scheme
Since RAN4 agreed that for a UL CA configuration in one band combination, if multiple DCs exist there is only one scheme will be used for these DC location reporting. From our perspective, a NOTE should be added in the RRC reconfiguration procedure and RRC connection Resume procedure to clarify this restriction. An example of the NOTE is as following:
	NOTE: For a UL CA configuration in one band combination, if multiple DCs exist there is only one scheme will be used for these DC location reporting, for example, only Rel-17 reporting scheme can be used throughout different UL CC groups on the same band


Proposal 6: Add a NOTE in the RRC reconfiguration procedure and RRC connection Resume procedure as follows:
· NOTE: For a UL CA configuration in one band combination, if multiple DCs exist there is only one scheme will be used for these DC location reporting, for example, only Rel-17 reporting scheme can be used throughout different UL CC groups on the same band.
DL CC(s) clarification
RAN4 informs that when UE is configured for one UL CC but more than one DL CC, the DC location maybe positioned in DL CC and for FR2 UE needs to be able to signal the location of the DC on any configured DL CC. In our understanding, the existing offset range is sufficient to indicate the DC location positioned in DL CC.
In addition, RAN4 informs that DL CC locate in DL-only frequency spectrum will not be used to calculate the default DC location. On the one hand, if DL CC locate in DL-only frequency spectrum is always not be used to calculate the default DC location, this can be achieved by gNB implementation, gNB will not request the DC location of the CC/BWP combination which contains DL CC locate in DL-only frequency spectrum. On the other hand, if DL CC locate in DL-only frequency spectrum may not be used to calculate the default DC location, based on the existing ASN.1 structure, UE can indicate to the network which CCs are included in each CC group (according to servCellIndexHigher and servCellIndexLower) and the network can know which CCs are not involved in the calculation.
In summary, for DL CC(s) clarification, RAN2 does not need to do anything other than the existing signaling structure.
Proposal 7: For DL CC(s) clarification, the existing signaling structure is sufficient.
[bookmark: _Hlk110330536]CC group for multiple DCs reporting
For the details about CC group for multiple DCs reporting clarified from RAN4, we think the existing signaling structure is flexible enough to support all the cases of CC group for multiple DCs reporting.
[bookmark: OLE_LINK1]Proposal 8: For CC group for multiple DCs reporting, the existing signaling structure is sufficient.
Other
Considering the signalling overhead, RAN4 thinks the network may not always need the DC locations from all the possible permutations. According to endorsed CR, the UE only reports the uplink Direct Current location information that are related to the indicated CC/BWP combinations, the existing signaling structure is sufficient.
In addition, shift7dot5kHz shall be captured in the signalling since RAN4 confirms that shift7dot5kHz is still needed for Rel-17 DC location report signalling. In Rel-16 DC location report scheme, shift7dot5kHz is associated with each DC location corresponding to a CC/BWP combination, so we think the same machine should be adopted in Rel-17 DC location report scheme. An example is given as follows:
-- ASN1START
-- TAG-UPLINKTXDIRECTCURRENTMORECARRIERLIST-START

UplinkTxDirectCurrentMoreCarrierList-r17 ::=   SEQUENCE (SIZE (1..maxNrofCC-Group-r17)) OF CC-Group-r17

CC-Group-r17 ::=       SEQUENCE {
    servCellIndexLower-r17                             ServCellIndex,
    servCellIndexHigher-r17                            ServCellIndex,
    defaultDCLoactionOption-r17                        DefaultDCLoactionOption-r17,
    offsetToDefualt-r17                                CHOICE {
                                                       offsetValue           OffsetValue           INTEGER (-1650.. 1650),
                                                       offsetlist
            SEQUENCE (SIZE(1..maxNrofReqCombinationDC-Location)) OF OffsetPerRequest-r17
                                                       } OPTIONAL
}
OffsetValue::= SEQUENCE {
offsetValue-r17                   INTEGER (-1650.. 1650)
[bookmark: _Hlk110332096]shift7dot5kHz-r16                             BOOLEAN,
}

OffsetPerRequest-r17::=                              SEQUENCE {
offsetValue-r17                   INTEGER (-1650.. 1650)            OPTIONAL
shift7dot5kHz-r16                             BOOLEAN,

}

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

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


-- TAG-UPLINKTXDIRECTCURRENTMORECARRIERLIST-STOP
-- ASN1STOP

	[bookmark: OLE_LINK2]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.


Proposal 9: Capture shift7dot5kHz in Rel-17 DC location report signalling, shift7dot5kHz is associated with each offsetValue.
Conclusions
[bookmark: _Toc502437832]Based on the analyses given above, we have the following proposals:
Proposal 1: Send an LS to RAN4 to confirm that frequency component type is same for default DC locations for different CC/BWP combinations in a CC group.
Proposal 2: If the frequency component type is only allowed to be same for different CC/BWP combinations in a CC group, if the frequency component type is configuredCarrier or configuredBWP, adopt one of the following options to report DC location offset :
· Option 1: offsetValue is used, further clarify that all requested CC combinations associated DC location offset are offsetValue;
· Option 2: offsetlist is used and the value of each entity in this list is same.
Proposal 3: The offset range is (-20000, 20000) both for FR1 and FR2.
Proposal 4: Modify the name and description of R17 IE for DC location report (i.e., UplinkTxDirectCurrentMoreCarrierList) to make the R17 DC location reporting scheme also applies for 2CCs and single UL carrier within CA.
Proposal 5: If single CC is included in a CC group, one of the following options can be adopted:
· Option 1: UE sets the value of servCellIndexHigher same as the value of servCellIndexLower;
· Option 2: UE only sets the value of servCellIndexLower, the servCellIndexHigher IE is absent.
Proposal 6: Add a NOTE in the RRC reconfiguration procedure and RRC connection Resume procedure as follows:
· NOTE: For a UL CA configuration in one band combination, if multiple DCs exist there is only one scheme will be used for these DC location reporting, for example, only Rel-17 reporting scheme can be used throughout different UL CC groups on the same band.
Proposal 7: For DL CC(s) clarification, the existing signaling structure is sufficient.
Proposal 8: For CC group for multiple DCs reporting, the existing signaling structure is sufficient.
Proposal 9: Capture shift7dot5kHz in Rel-17 DC location report signalling, shift7dot5kHz is associated with each offsetValue.
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