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1. Background
RAN4 updated the requirements of reporting Tx DC location for intra-band UL CA with the LS [1], while RANP also tasked RAN2 to come up with a RRC based solution for UL CA with 2CC with an eye for future-proofness[2]. In this discussion paper, we will try to make a practical signalling proposal trying to address all of the above. 
2. Requirements from RANP and RAN4
The requirements from RANP[2] are stated below:
	RAN to task RAN2 to complete the Rel-16 RRC based DC location reporting signalling for 2 UL CCs in RAN#91e, i.e. RAN2 should provide either agreed or, if agreement is not possible, technically endorsed CRs to RAN#91e, addressing the case of 2 UL CCs. It would be better if solutions also consider the signalling overhead and future proofness aspects.




The main RAN4 requirements from the LS[1] are stated below:
	[bookmark: _Hlk56142063]Firstly, RAN4 agreed that each TX DC location should be based on permutations of all possible simultaneously activated BWPs within configured BWPs as baseline in Rel16 and reporting defined in R15 is still allowed for TX DC location of intra-band UL CA.

Secondly, the affecting factors of TX DC locations for intra-band UL CA in Rel16 should be focused on the following:
· The lowest and the highest CC configured
· The lowest and the highest CC activated 
· active BWPs in the lowest and the highest CC activated
· configured BWPs in the lowest and the highest CC 

Thirdly, RAN4 also identified relation between PA architecture, the number of TX DC locations and Tx DC location method:
· For UE indicating 1PA architecture, the number of DC location is one at an instant
· For UE indicating 2PA architecture, the number of DC location is up to two at an instant, in which one DC location serves for each PA
· each of the DC location can be reported based on one DC location method(s)




Key observations:
Observation 1: We would need to have RRC signalling for all permutations of BWPs for at least 2CC.
Observation 2: The permutations should consider the cases of simultaneously activated BWPs for at least 2CC.
Observation 3: In a 2CC or more than 2CC UL CA case, as part of simultaneously activated BWPs, the scenario of PCC with no activated, but configured SCells should also be considered. Some UE implementations can configure the UL DC location based on the configured SCells (before they are activated) so that the activation of SCells would not be delayed later.
Observation 4: For more than 2CC case, we can use the RAN4 LS guidance to allow the signalling of permutations by considering the lowest and highest configured CCs, which would a sort of future-proofing for higher order CC, at least for the UEs which can configure their DC locations based on just the lowest/higher configured CC.
Observation 5: Similar future-proofing can be done for the UE whose DC location(s) would depend on the lowest and highest activated CCs in >2 UL CA. We note that for such UEs, the NW may have to request for DC location information whenever the activation/deactivation of CCs result in the highest and/or lowest CC getting changed.
Observation 6: Based on observation 3, we can see that if only 2 CCs are involved in affecting DC location, the UE would need to report upto 20 different permutations assuming 4 BWPs each for the involved 2CCs which results in upto 16 possible simultaneously activated combinations of BWPs for these 2CCs, and 4 additional cases for the case of PCell with no activated SCell (where the SCell is still an input as either the highest/lowest configured CC).
Observation 7: Since RAN4 LS [1] confirms that UEs with 2PA architecture would need to report 2 DC locations, only upto 8 values are needed to reflect the upto 8 different BWP operatins between the 2CCs (each BWP from one carrier can report one DC location independent of the configuration of  the BWP of the other carrier). 
Observation 8: In some cases for 1PA UEs, not all 20 permutations would be needed. For example in the case of UEs whose DC location would depend on lowest/highest activated CCs, the case of PCell with no SCells activated is not applicable. But 20 locations can “solve” most of the requirements asked.
We also would like to note that this DC location reporting for intra-band contiguous UL CA would not work with supplementary uplink, and SUL is not applicable.
Observation 9: Intra-band contiguous UL CA for which the Tx DC location reporting is being considered, would not align with supplementary uplink.
Based on the above observations we propose the below:
Proposal 1: SUL is not considered for the Rel-16 RRC signaling design of Tx DC location reporting.
Proposal 2: A common signalling framework with DC locations can be reported by the UE when the NW RRC reconfiguration message request the UE to report this. This framework can address the case of Tx DC location reporting for >2CC if the UE supports TX DC location based on highest-lowest configured or activated CC. Otherwise, this framework is limited to Tx DC location reporting for 2CC UL CA.
Proposal 3: The UE indicates the type of signalling method it is using in case the UE is configured with more than 2CCs (highest-lowest configured CC. 
Proposal 4: Upto 20 total number of Tx DC locations can be reported by the UE using the framework (16 permutations for 2 simultaneousely activated BWPs, and 4 more for PCell with no activated SCell case).  Upto 8 Tx DC locations are reported for UEs with 2 PA architecture. 
We also note that in many cases the Tx DC location would not change based on some of the permutations of the BWPs in which case, re-using the DC location reporting can save the signalling size.
Proposal 5: Tx DC location reporting uses an index to a pool of upto 20 locations, and the UE can report pool of usable Tx DC locations in a separate structure.  
Since we are trying to introduce the signalling for UEs which can actually decide their Tx DC location based on the highest/lowest activated or configured CCs, a new capability is needed for the NW to know about this.
Proposal 6: UE reports a per-UE capability applicable to FR1 using the existing capability reporting framework on the support of Tx DC location determination for >2CC using highest/lowest CC. 
The next section provides the text proposal based on the above.

3. Text proposal

maxUplinkDCLocations INTEGER ::= 20
maxUplinkDCLocationBWP-Pairs INTEGER ::= 20

UplinkDirectCurrentLocationInfoList-r16     SEQUENCE (SIZE (1.. maxUplinkDCLocations)) OF UplinkDirectCurrentLocationInfo-v16xy

UplinkDirectCurrentLocationInfo-v16xy ::=            SEQUENCE {
    shift7dot5kHz                           BOOLEAN,
    txDirectCurrentLocation                 INTEGER (0..3301),
	...
}

UplinkDirectCurrentLocationId ::= INTEGER (0.. maxUplinkDCLocations-1)

UplinkTxDirectCurrentInfo-v16xy ::=           SEQUENCE {
    -- absence indicates that reporting is only for 2CC UL CA case.
    reportType			ENUMERATED { highestLowestConfiguredCC, highestLowestActivatedCC, ... } OPTIONAL,  
    uplinkDirectCurrentLocationInfoPerPairList-v16xy    UplinkDirectCurrentLocationInfoPerPairList-v16xy
}

UplinkDirectCurrentLocationInfoPerPairList-v16xy ::=           SEQUENCE {
    -- the location of BWP pairs can be interpreted statically without explicit signaling as there are only 2 CCs invovled with upto 4 BWP in each.
    -- first entry corresponds to PCellBWP0-SCellBWP0, second to PCellBWP0-SCellBWP1 and so on
    -- for the 2PA case, only 4 entries are needed 
    uplinkDirectCurrentInfoPerPairList-r16     SEQUENCE (SIZE (1.. maxUplinkDCLocationBWP-Pairs)) OF UplinkDirectCurrentLocationInfoPerPairEntry-v16xy
    
}


UplinkDirectCurrentLocationInfoPerPairEntry-v16xy ::=            SEQUENCE {
    -- can be skipped if the BWP pair is not applicable based on the configuration
    uplinkDirectCurrentLocationInfoPerPairInfo-v16xy 	UplinkDirectCurrentLocationInfoPerPairInfo-v16xy  OPTIONAL	
}

UplinkDirectCurrentLocationInfoPerPairInfo-v16xy ::=            SEQUENCE {
    firstPA								UplinkDirectCurrentLocationId,	
    -- only 2PA UEs include this
    secondPA								UplinkDirectCurrentLocationId   OPTIONAL,	
}

-- UE capability

Phy-ParametersCommon ::=            SEQUENCE {
    csi-RS-CFRA-ForHO                   ENUMERATED {supported}                      OPTIONAL,
    dynamicPRB-BundlingDL               ENUMERATED {supported}                      OPTIONAL,
    sp-CSI-ReportPUCCH                  ENUMERATED {supported}                      OPTIONAL,
<<skipped>>
    ...,
    [[
    dummy                               ENUMERATED {supported}                      OPTIONAL
    ]],
    [[
    maxNumberSearchSpaces               ENUMERATED {n10}                            OPTIONAL,
    rateMatchingCtrlResrcSetDynamic     ENUMERATED {supported}                      OPTIONAL,
    maxLayersMIMO-Indication            ENUMERATED {supported}                      OPTIONAL
    ]],
<<skipped>>
    bwp-SwitchingMultiCCs-r16                   CHOICE {
        type1-r16                                   ENUMERATED {us100, us200},
        type2-r16                                   ENUMERATED {us200, us400, us800, us1000}
    }                                                                               OPTIONAL
    ]],
    [[
    highestLowestBasedFR1-DC-Reporting       ENUMERATED {supported}                      OPTIONAL
    ]]
}





4. Summary
Proposal 1: SUL is not considered for the Rel-16 RRC signalling design of Tx DC location reporting.
Proposal 2: A common signalling framework with DC locations can be reported by the UE when the NW RRC reconfiguration message request the UE to report this. This framework can address the case of Tx DC location reporting for >2CC if the UE supports TX DC location based on highest-lowest configured or activated CC. Otherwise, this framework is limited to Tx DC location reporting for 2CC UL CA.
Proposal 3: The UE indicates the type of signalling method it is using in case the UE is configured with more than 2CCs (for eg highest-lowest configured CC). 
Proposal 4: Upto 20 total number of Tx DC locations can be reported by the UE using the framework (16 permutations for 2 simultaneousely activated BWPs, and 4 more for PCell with no activated SCell case).  Upto 8 Tx DC locations are reported for UEs with 2 PA architecture. 
Proposal 5: Tx DC location reporting uses an index to a pool of upto 20 locations, and the UE can report pool of usable Tx DC locations in a separate structure.  
Proposal 6: UE reports a per-UE capability applicable to FR1 using the existing capability reporting framework on the support of Tx DC location determination for >2CC using highest/lowest CC. 
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