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1. Introduction
This discussion paper tries to address the RAN4 requirement from the LS [1] by providing the reason behind the request and by providing some possible solutions (with minimal spec impact). And the document finally concludes with the proposal to have the selected solution implemented from Rel-17 itself.
2. Discussion
2.1. On the need for enhancement
The Rel-17 DC location reporting mechanism is intended for two or more UL carriers though avoids the explicit signaling on DC locations for every BWP combination permutation as has been implemented in Rel-15 and Rel-16 DC location reporting where the signaling complexity would grow exponentially with the number of UL carriers. The Rel-17 approach however has limited flexibility due to that UE can only indicate one “default DC” decision configuration to the network, which is either based on “configured carriers”, “configured BWPs”, “active carrier(s)”, or “active BWP(s)”. 
The default DC location based on configured carriers/BWPs or active carrier(s) provides the benefits for simpler UE implementation and less signaling complexity/overhead, BUT it compromises the UL power saving and maximum output power performance, especially when only PCC is activated. 
On the other hand, when default DC location is based on activated BWP(s), it provides the benefits of power saving and better maximum output power performance (potentially lower MPR/A-MPR), especially when only PCC is activated. However, it also has the disadvantage of higher UE implementation complexity and signaling complexity/overhead as it potentially requires more configuration-dependent non-zero offset values, especially when the number of configured carriers increases.

Observation 1: The default DC location based on configured carriers/BWPs or active carrier(s) provides the benefits for simpler UE implementation and less signaling complexity/overhead, while it compromises the UL power saving and maximum output power performance, especially when only PCC is activated.

Observation 2: For default DC location based on activated BWP(s), it provides the benefits of power saving and better maximum output power performance (potentially lower MPR/A-MPR), especially when only PCC is activated. However, it also has the disadvantage of higher UE implementation complexity and signaling complexity/overhead as it potentially requires more configuration-dependent non-zero offset values. 

Hence, the RAN4 LS [1] requests RAN2 to evaluate on the possibility of UE R17 DC report including also the R15 style of signalling while would be useful in case only the PCC is active in the UL.

	From the above assessment, the benefits for having default DC location based on either “configured carriers”, “configured BWPs”, or “active carrier(s)” when both PCC and SCC are activated and based on “active BWP” when only PCC is activated can be envisioned.


 
2.2. On including R15 signaling in R17 
In the direction of UE including R15 DC location reporting in R17, we need to at least allow the below specification changes:
· Allow in the specification that the NW “can” request both R15 and R17 DC location reports from the UE (there is a note in the current specification that the NW does NOT request both)
· Clarify in the specification that if the UE can expect to receive both requests, and in such a case, the UE includes the R15 DC location reporting only for the UL carrier on the SpCell.

	5.3.5.3	Reception of an RRCReconfiguration by the UE
<< skipped>>
2>	if the RRCReconfiguration includes the secondaryCellGroup containing the reportUplinkTxDirectCurrentTwoCarrier:
3>	include in the uplinkTxDirectCurrentTwoCarrierList the list of uplink Tx DC locations for the configured intra-band uplink carrier aggregation in the SCG;
2>	if the RRCReconfiguration includes the secondaryCellGroup containing the reportUplinkTxDirectCurrentMoreCarrier:
3>	include in the uplinkTxDirectCurrentMoreCarrierList the list of uplink Tx DC locations for the configured intra-band uplink carrier aggregation in the SCG;
NOTE 0b:	The UE does not expect that the reportUplinkTxDirectCurrentTwoCarrier or reportUplinkTxDirectCurrentMoreCarrier is received in both masterCellGroup and in secondaryCellGroup. Network only configures at most one of reportUplinkTxDirectCurrent, reportUplinkTxDirectCurrentTwoCarrier or reportUplinkTxDirectCurrentMoreCarrier in one RRC message.
2>	if the RRCReconfiguration message includes the mrdc-SecondaryCellGroupConfig with mrdc-SecondaryCellGroup set to eutra-SCG:
3>	include in the eutra-SCG-Response the E-UTRA RRCConnectionReconfigurationComplete message in accordance with TS 36.331 [10] clause 5.3.5.3;




Since this is a change in functionality at both the UE and the NW, we can protect the backward compatibility with adding a new capability. Also, since this is not part of a UE capability enquiry (and so is not “stored” in CN), we do not envision a particular DC location reporting being used by “other” node where this information is exchanged using inter-node communication.  This can lend to simpler changes in RAN2 to make this work.
Observation 3: The backward compatibility issue can be solved with a new capability, and since this is not part of a UE capability enquiry (and so is not “stored” in CN), we do not envision a particular DC location reporting being used by “other” node where this information is exchanged using inter-node communication. This can lend to simpler changes in RAN2


2.3. On using R17 signaling alone to address the requirement
We  would like to also note that the current R17 signalling allows the UE to “localize” the default DC location to within the PCC UL (by reporting a “new” CCGroup” with only the SPCell serving cell index for both the servCellIndexLower-r17 and servCellIndexHigher-r17, thereby providing the DC location information with the DC offset localized to SpCell UL), it requires re-interpretation at the NW to ”use” this additional CCGroup for the SpCell only UL cases. But more importantly this sort of signalling means that the UE cannot report detailed R15 style of reporting for SpCell UL, but has to resort to default DC location + offset style of reporting which RAN4 thinks is not accurate.

Observation 4: RAN4 prefers to not use the Default DC + offset (R17 style of signalling for SpCell UL only case), but prefers to use the R15 style (which is comprehensive in signalling details), and so, it is not preferrable to extend/re-interpret R17 CCGroup signaling, but rather have UE use both R15 and R17 signalling (with necessary specification changes).

2.4. Depending on NW configuration 
There were some views from one company [2] in the direction of using the explicit NW configuration to get the different DC location values from the UE. For eg: the NW can request the UE to provide the R17 DC configuration and then in a separate RRC message request the R15 DC configuration. To start with, such approach is very inefficient – especially whenever the SCell configuration changes ( an SCell is activated or deactivated), as the R15 DC location would need to change depending on the activated/configured SCell change. And even with this approach, specification change is needed (pls see sec 2.2 on the UE impact).
Based on the above, we think a wholistic solution in the direction of what RAN4 has suggested is needed to address the issue.
Observation 5: Relying on NW requesting R17 and R15 DC configurations with separate RRC messages is inefficient, esp when needed to be asked whenever SCell configuration/activation changes.
2.5. Solution details
In this section, we list the changes needed for implementing this using text proposal. We also propose the reasoning to have the change from R17 itself.
2.5.1. Normative changes
The changes needed are:
· To allow the NW to request for more than one type of DC location reporting. 
· To specify in UE procedure that in case the UE received both R15 and R17 DC location reporting while the UE is configured with intra-band UL CA, the UE fills the R15 style of reporting for SpCell, assuming that such reporting is applicable when only the SpCell UL is activated while still configured with UL CA.

2.5.2. Text proposal

	[bookmark: _Toc60776760][bookmark: _Toc139045003]5.3.5.3	Reception of an RRCReconfiguration by the UE
<< skipped>>
1>	set the content of the RRCReconfigurationComplete message as follows:
2>	if the RRCReconfiguration includes the masterCellGroup containing the reportUplinkTxDirectCurrent and uplinkTxDirectCurrentMoreCarrierList:
3>	include the uplinkTxDirectCurrentList for the SpCell with UL;
3>	include uplinkDirectCurrentBWP-SUL for the SpCell configured with SUL carrier, if any, within the uplinkTxDirectCurrentList;
2>	else if the RRCReconfiguration includes the masterCellGroup containing only 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;
2>	if the RRCReconfiguration includes the masterCellGroup containing the reportUplinkTxDirectCurrentTwoCarrier:
3>	include in the uplinkTxDirectCurrentTwoCarrierList the list of uplink Tx DC locations for the configured intra-band uplink carrier aggregation in the MCG;
2>	if the RRCReconfiguration includes the masterCellGroup containing the reportUplinkTxDirectCurrentMoreCarrier:
3>	include in the uplinkTxDirectCurrentMoreCarrierList the list of uplink Tx DC locations for the configured intra-band uplink carrier aggregation in the MCG;
2>	if the RRCReconfiguration includes the secondaryCellGroup containing the reportUplinkTxDirectCurrent and uplinkTxDirectCurrentMoreCarrierList:
3>	include the uplinkTxDirectCurrentList for the SCG SpCell with UL;
3>	include uplinkDirectCurrentBWP-SUL for the SCG SpCell configured with SUL carrier, if any, within the uplinkTxDirectCurrentList;
2>	else if the RRCReconfiguration includes the secondaryCellGroup containing only 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;
2>	if the RRCReconfiguration includes the secondaryCellGroup containing the reportUplinkTxDirectCurrentTwoCarrier:
3>	include in the uplinkTxDirectCurrentTwoCarrierList the list of uplink Tx DC locations for the configured intra-band uplink carrier aggregation in the SCG;
2>	if the RRCReconfiguration includes the secondaryCellGroup containing the reportUplinkTxDirectCurrentMoreCarrier:
3>	include in the uplinkTxDirectCurrentMoreCarrierList the list of uplink Tx DC locations for the configured intra-band uplink carrier aggregation in the SCG;
NOTE 0b:	The UE does not expect that the reportUplinkTxDirectCurrentTwoCarrier or reportUplinkTxDirectCurrentMoreCarrier is received in both masterCellGroup and in secondaryCellGroup. Unless the UE supports such configuration, the nNetwork only configures at most one of reportUplinkTxDirectCurrent, reportUplinkTxDirectCurrentTwoCarrier or reportUplinkTxDirectCurrentMoreCarrier in one RRC message.
<< skipped>>
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<< skipped>>
2>	if the masterCellGroup contains the reportUplinkTxDirectCurrent and uplinkTxDirectCurrentMoreCarrierList::
3>	include the uplinkTxDirectCurrentList for the SpCell with UL;
3>	include uplinkDirectCurrentBWP-SUL for the SpCell configured with SUL carrier, if any, within the uplinkTxDirectCurrentList;
2>	else if the masterCellGroup contains only 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;
2>	if the masterCellGroup contains the reportUplinkTxDirectCurrentTwoCarrier:
3>	include in the uplinkTxDirectCurrentTwoCarrierList the list of uplink Tx DC locations for the configured uplink carrier aggregation in the MCG;
2>	if the masterCellGroup contains the reportUplinkTxDirectCurrentMoreCarrier:
3>	include in the uplinkTxDirectCurrentMoreCarrierList the list of uplink Tx DC locations for the configured uplink carrier aggregation in the MCG;
2>	if the UE has idle/inactive measurement information concerning cells other than the PCell available in VarMeasIdleReport:
3>	if the idleModeMeasurementReq is included in the RRCResume message:
4>	set the measResultIdleEUTRA in the RRCResumeComplete message to the value of measReportIdleEUTRA in the VarMeasIdleReport, if available;
4>	set the measResultIdleNR in the RRCResumeComplete message to the value of measReportIdleNR in the VarMeasIdleReport, if available;
4>	discard the VarMeasIdleReport upon successful delivery of the RRCResumeComplete message is confirmed by lower layers;
3>	else:
4>	if the SIB1 contains idleModeMeasurementsNR and the UE has NR idle/inactive measurement information concerning cells other than the PCell available in VarMeasIdleReport; or
4>	if the SIB1 contains idleModeMeasurementsEUTRA and the UE has E-UTRA idle/inactive measurement information available in VarMeasIdleReport:
5>	include the idleMeasAvailable;

<< skipped>>

1>	submit the RRCResumeComplete message to lower layers for transmission;
1>	the procedure ends.
NOTE 2:	Unless the UE supports such configuration, the nNetwork only configures at most one of reportUplinkTxDirectCurrent, reportUplinkTxDirectCurrentTwoCarrier or reportUplinkTxDirectCurrentMoreCarrier in one RRC message.





	


CA-ParametersNR-v1740 ::= SEQUENCE {
    -- R1 33-5-1f: NACK-only based HARQ-ACK feedback for multicast RRC-based enabling/disabling NACK-only based feedback
    -- for SPS group-common PDSCH for multicast
    nack-OnlyFeedbackForSPS-Multicast-r17                  ENUMERATED {supported}                         OPTIONAL,
    -- R1 33-8-1: PUCCH resource configuration for multicast feedback for dynamically scheduled multicast
    singlePUCCH-ConfigForMulticast-r17                     ENUMERATED {supported}                         OPTIONAL
}
CA-ParametersNR-v17x0 ::= SEQUENCE {
     uplinkTxDC-AdditionalPCC-Report-r17                         ENUMERATED {supported}          OPTIONAL,
}

CrossCarrierSchedulingSCell-SpCell-r17 ::= SEQUENCE {
    supportedSCS-Combinations-r17              SEQUENCE {
        scs15kHz-15kHz-r17                         ENUMERATED {supported}                         OPTIONAL,
        scs15kHz-30kHz-r17                         ENUMERATED {supported}                         OPTIONAL,
        scs15kHz-60kHz-r17                         ENUMERATED {supported}                         OPTIONAL,
        scs30kHz-30kHz-r17                         BIT STRING (SIZE (1..496))                     OPTIONAL,
        scs30kHz-60kHz-r17                         BIT STRING (SIZE (1..496))                     OPTIONAL,
        scs60kHz-60kHz-r17                         BIT STRING (SIZE (1..496))                     OPTIONAL
    },
    pdcch-MonitoringOccasion-r17               ENUMERATED {val1, val2}
}





38.306 Changes:
	twoPUCCH-Grp-ConfigurationsList-r16
Indicates one or multiple of supported configuration(s) of {primary PUCCH group config, secondary PUCCH group config} for the band combination where for each of the supported configuration the carrier type(s) (FR1-NonSharedTDD, FR1-SharedTDD, FR1-NonSharedFDD, FR2) that can be mapped to a PUCCH group and also the carrier types that can be configured with PUCCH transmission for primary PUCCH group and secondary PUCCH group for NR-CA band combination with 3 or more bands. The capability signalling of each primary or secondary PUCCH group configuration comprises of the following parameters:
-	pucch-GroupMapping-r16 indicates the PUCCH group(s) that a carrier type can be mapped to.
-	pucch-TX-r16 indicates the PUCCH group(s) that a carrier type can be configured for PUCCH transmission

NOTE 1:	For a band combination with SUL, the SUL band is counted as one of the bands.
NOTE 2:	For a band combination with SDL, the SDL band is counted as one of the bands. SDL is indicated as 'FR1-NonSharedFDD' carrier type. Per UE capabilities that are TDD only are not applicable to SDL.
NOTE 3:	When the carrier type of NUL is indicated for PUCCH transmission location, the SUL in the same cell as in the NUL can also be configured for PUCCH transmission.
NOTE 4:	When the carrier type of NUL is indicated for one PUCCH group config, the SUL in the same cell as in the NUL can also be configured for the PUCCH group.
NOTE 5:	If UE indicating this field does not support diffNumerologyAcrossPUCCH-Group-CarrierTypes-r16, the UE can only be configured with the same SCS across NR PUCCH groups.
	BC
	No
	N/A
	N/A

	uplinkTxDC-AdditionalPCC-Report-r17
Indicates whether the UE supports the reporting of uplink Tx Direct Current subcarrier location(s) for the SpCell uplink while also reporting Tx Direct Current subcarrier location(s) for multi carriers using the default DC location signaling.
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

	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



2.5.3. Which Release
The solution proposed does not include any ASN.1 changes to the actual DC location reporting IEs, but rather new ASN.1 changes are to the UE capability alone. We think the impact from adding this from Rel-17 is minimal (and it does not have any Rel-18 dependencies).
Observation 6: The solution proposed does not include any ASN.1 changes to the actual DC location reporting IEs, but rather new ASN.1 changes are to the UE capability alone. We think the impact from adding this from Rel-17 is minimal (and it does not have any Rel-18 dependencies).
Proposal 1: Agree to the solution from text proposal provided in 2.4.2 as the basis for addressing the RAN4 requirement.
Proposal 2: Agree to implement this from Rel-17
And finally, we can inform RAN4 of our decisions.
Proposal 3: Inform RAN4 of our decisions.

3. Conclusion

Observation 1: The default DC location based on configured carriers/BWPs or active carrier(s) provides the benefits for simpler UE implementation and less signaling complexity/overhead, while it compromises the UL power saving and maximum output power performance, especially when only PCC is activated.
Observation 2: For default DC location based on activated BWP(s), it provides the benefits of power saving and better maximum output power performance (potentially lower MPR/A-MPR), especially when only PCC is activated. However, it also has the disadvantage of higher UE implementation complexity and signaling complexity/overhead as it potentially requires more configuration-dependent non-zero offset values. 
Observation 3: The backward compatibility issue can be solved with a new capability, and since this is not part of a UE capability enquiry (and so is not “stored” in CN), we do not envision a particular DC location reporting being used by “other” node where this information is exchanged using inter-node communication. This can lend to simpler changes in RAN2
Observation 4: RAN4 prefers to not use the Default DC + offset (R17 style of signalling for SpCell UL only case), but prefers to use the R15 style (which is comprehensive in signalling details), and so, it is not preferrable to extend/re-interpret R17 CCGroup signaling, but rather have UE use both R15 and R17 signalling (with necessary specification changes).
Observation 5: Relying on NW requesting R17 and R15 DC configurations with separate RRC messages is inefficient, esp when needed to be asked whenever SCell configuration/activation changes.
Observation 6: The solution proposed does not include any ASN.1 changes to the actual DC location reporting IEs, but rather new ASN.1 changes are to the UE capability alone. We think the impact from adding this from Rel-17 is minimal (and it does not have any Rel-18 dependencies).

Proposal 1: Agree to the solution from text proposal provided in 2.4.2 as the basis for addressing the RAN4 requirement.
Proposal 2: Agree to implement this from Rel-17
Proposal 3: Inform RAN4 of our decisions
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