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1. Introduction
In RAN#89-e, DC location reporting for intra-UL CA in the LS [2] is discussed in [1] with the below conclusion:
	A mechanism of DC location reporting for intra-band UL CA should be specified in Rel-16:
· RAN2 is tasked to provide at least one RAN2-based signalling solution for at least 2 UL CCs of intra-band UL CA in  FR1 to RAN#90, considering forward compatibility to other combinations (more than 2 UL CCs and/or FR2) 
· Other solutions are not precluded and can be discussed in RAN1, RAN2 and RAN4. Selection between solutions can be discussed at RAN#90 or later (if possible).


2. Discussion
2.1	Background 
RAN4 has worked on intra-band UL CA feature and discussed how to handle TX DC location for CA. UE is allowed to reconfigure its RF bandwidth based on activated BWP or keep RF bandwidth based on widest bandwidth. TX DC locations depends on RF bandwidth that UE configures in its real implementation. In the case of CA where the BWP can be activated/de-activated, UE may change the RF bandwidth and so the TX DC location can be different.
For CA, when UE can be configured up to four BWP’s for each cell, there are 16 permutations of possibly simultaneously activated BWPs when configured for two cells. This leaves 16 possible TX DC locations for one implementation with single PA architecture. For CA with dual PA architecture, there can be two DC locations (one for each PA). In FR1 Rel-16 allows up to 2 cells for intra-band UL CA. In FR2 Rel-15 RAN4 requirements are defined up to 8 contiguous cells which increases the number of possible TX DC locations.

RAN4 has come up with two candidates for enhancing the TX DC location signalling to accommodate UL CA.
1) Report TX DC location after every activation of BWP’s including CC activation, BWP switching procedure, etc.
2) Report each TX DC location based on permutations of all possible simultaneously activated BWPs within configured BWPs
2.2	Questions in the LS
Question 1: RAN4 asks RAN1 and RAN2 feedback is it possible to develop a method where UE reports the TX DC location after every BWP activation for rel-16?
In the LS, it is written that ”UE is allowed to reconfigure its RF bandwidth based on activated BWP or keep RF bandwidth based on widest bandwidth. TX DC locations depends on RF bandwidth that UE configures in its real implementation.” This means that UE does not change the DC-location spontaneously except from when active BWPs are changed. 
The BWP switching for a Serving Cell is used to activate an inactive BWP and deactivate an active BWP at a time. Overall, the BWP switching is controlled by
1. The PDCCH indicating a downlink assignment or an uplink grant. For example, in the DCI, the field “bandwidth part indicator” is to indicate the to-be-activated BWP. 
2. For a SCell configured with dormant BWP, entering or leaving dormant BWP for SCells is done by BWP switching on instruction from PDCCH.
3. RRC signalling. The network can (re)-configure a serving cell with different default/initial BWPs or add/remove serving cells. 
4. MAC entity itself upon initiation of Random-Access procedure to choose the corresponding BWPs to initiate the random access. For example, if PRACH occasions are not configured for the active UL BWP, UE shall switch the active UL BWP to BWP indicated by initialUplinkBWP
5. During Activation/Deactivation of SCells by MAC CE 
The triggering of the BWP switching is defined in Rel-15/Rel-16, there is no intention/need to enhance these mechanisms. What is missing is the approach for UE to report the TX DC location. From RAN2 point of view, it can be transmitted in a UL RRC message.
The purpose of reporting UL TX DC location is due to the LO-leakage. It is understood that, only for higher-order modulation formats like 256 QAM, the LO-leakage is large enough to impact the UL receive performance. On the other hand, upon configuration of a new component carrier or BWP, the 256QAM may not be scheduled immediately in that BWP/CC. Moreover, the TX DC location may be used by the gNB for improving the receive performance for a specific UE only after an evaluation period (e.g. based on actual uplink performance). In other words, the DC-location is not time-critical for the gNB to acquire. Before gNB knows the exact DC location, it can assume a value of 3300 (outside of the carrier) or 3301 (undetermined position within the carrier). Thus, a gNB request and UE response approach can be used.
Therefore, we propose to answer this question as below
Answer 1: It is possible to develop an RRC-based request-response method in RAN2 so that the gNB knows the TX DC location for the currently activated BWPs. 
Proposal 1: RAN2 to adopt an RRC-based request-response method for gNB to know the TX DC location for the currently activated BWPs.
Proposal 2:  RAN2 to reply in the LS that “It is possible to develop an RRC-based request-response method in RAN2 so that the gNB knows the TX DC location for the currently activated BWPs.”
In addition to the gNB-request method, UE may spontaneously transmit the TX DC location after BWP switching. It might be argued for the case of UE autonomous switching to another BWP, such as bwp-InactivityTimer, sCellDeactivationTimer to cope with corner error cases where the instruction from the network is not received at the UE. However, gNB is also aware of these timers and their potential expiry. More importantly, it is not time critical for gNB to know the new TX DC location, since the TX DC location may be used by the gNB for improving the receive performance for a specific UE only after an evaluation period (e.g. based on actual uplink performance). 
Observation 1:  There is no additional advantages of UE spontaneous reporting compared to request-response method.

Question 2: RAN4 asks RAN1 and RAN2 for feedback if it is feasible to develop a method for UE to report every possible TX DC location that can be different for any configured BWP permutation for rel-16?
If there are N cells and each cell can be configured up to M BWPs, then there can be roughly MN permutations. It is acceptable for the case of 2 UL CCs in FR1. But RAN plenary has concluded that the forward compatibility to other combinations (more than 2 UL CCs and/or FR2) must be considered. This method is not scalable, e.g., 65536 permutations for 8 cells with 4 BWPs per cell. 
One may argue some structural information can be provided by RAN4 and exploited in RAN2 signalling to reduce the number of reporting permutations. For example, in the below figure, UE RF bandwidth is determined from the left most of the active BWP to the right most of the active BWP and so the DC location is the same for the two cases. The number of possible TX DC locations is roughly equal to  This seems to be manageable for large number of cells, e.g., 448 permutations for 8 cells with 4 BWPs per cell. However, it is our understanding it may be one implementation choice by UE, and it is not always true that the DC location can be the same for the case 1 and case 2 below.
[image: ]
Figure 1 UE may have the same DC location
Answer 2: It is not feasible to develop a method for UE to report every possible TX DC location that can be different for any configured BWP permutation for Rel-16, if the number of the cells is large (larger than 2) and there is no common structural information on the DC location among different configured BWP permutations.
Proposal 3:  RAN2 to reply in the LS that “It is not feasible to develop a method for UE to report every possible TX DC location that can be different for any configured BWP permutation for Rel-16, if the number of the cells is large (larger than 2) and there is no common structural information on the DC location among different configured BWP permutations.”
2.3	Signalling details in gNB request approach
The current TX DC location is reported per carrier and per BWP. 
[bookmark: _Toc46439801][bookmark: _Toc46444638][bookmark: _Toc46487399][bookmark: _Toc52837277][bookmark: _Toc52838285][bookmark: _Toc53006925]–	UplinkTxDirectCurrentList
The IE UplinkTxDirectCurrentList indicates the Tx Direct Current locations per serving cell for each configured UL BWP in the serving cell, based on the BWP numerology and the associated carrier bandwidth.
UplinkTxDirectCurrentList information element
-- ASN1START
-- TAG-UPLINKTXDIRECTCURRENTLIST-START

UplinkTxDirectCurrentList ::=           SEQUENCE (SIZE (1..maxNrofServingCells)) OF UplinkTxDirectCurrentCell

UplinkTxDirectCurrentCell ::=           SEQUENCE {
    servCellIndex                           ServCellIndex,
    uplinkDirectCurrentBWP                  SEQUENCE (SIZE (1..maxNrofBWPs)) OF UplinkTxDirectCurrentBWP,
    ...,
    [[
    uplinkDirectCurrentBWP-SUL              SEQUENCE (SIZE (1..maxNrofBWPs)) OF UplinkTxDirectCurrentBWP               OPTIONAL
    ]]
}

UplinkTxDirectCurrentBWP ::=            SEQUENCE {
    bwp-Id                                  BWP-Id,
    shift7dot5kHz                           BOOLEAN,
    txDirectCurrentLocation                 INTEGER (0..3301)
}

-- TAG-UPLINKTXDIRECTCURRENTLIST-STOP
-- ASN1STOP

	UplinkTxDirectCurrentBWP field descriptions

	bwp-Id
The BWP-Id of the corresponding uplink BWP.

	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.

	txDirectCurrentLocation
The uplink Tx Direct Current location for the carrier. Only values in the value range of this field between 0 and 3299, which indicate the subcarrier index within the carrier corresponding to the numerology of the corresponding uplink BWP and value 3300, which indicates "Outside the carrier" and value 3301, which indicates "Undetermined position within the carrier" are used in this version of the specification.



With intra-band UL CA, the txDirectionCurrentLocation is reported by Cell Group. It can be in any frequency location, i.e., in the BWP that has not been configured for the UE or even in the frequency location not supported in a non-contiguous intra-band UL CA setup. Thus, one can re-use the field txDirectCurrentLocation as in the single BWP case and supplement it with the location indication for the carrier. subcarrierSpacing is added since it is part of the configuration for the BWP.
For CA with dual PA architecture, there can be two DC locations (at least one for each PA). For dual connectivity, each cell group may have two DC locations. If the TX DC location is close to or within the frequency range of the band containing the intra-band CA for the respective cell group, then there is no such a need to indicate for which band a report refers to.
One example IE is shown below:
UplinkTxDirectCurrentUL-CA-r16 :: = SEQUENCE {
    uplinkTXDirectionCurrentUL-CA-id    INTEGER(0:maxNrUL-TX-DC-1),
	absoluteFrequencyPointA             ARFCN-ValueNR                                            
    shift7dot5kHz                       BOOLEAN,
[bookmark: _GoBack]	txDirectCurrentLocation             INTEGER (0..3299)
	subcarrierSpacing                   SubcarrierSpacing,
}
A draft skeleton TP to capture gNB request method with the above IE can be found in the Annex. 
3. Conclusion
In the previous section, we made the following proposals:
Proposal 1: RAN2 to adopt an RRC-based request-response method for gNB to know the TX DC location for the currently activated BWPs.
Proposal 2:  RAN2 to reply in the LS that “It is possible to develop an RRC-based request-response method in RAN2 so that the gNB knows the TX DC location for the currently activated BWPs.”
Proposal 3: RAN2 to reply in the LS that “It is not feasible to develop a method for UE to report every possible TX DC location that can be different for any configured BWP permutation for Rel-16, if the number of the cells is large (larger than 2) and there is no common structural information on the DC location among different configured BWP permutations.”
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--- Unchanged parts omitted --  
1>	if the mobilityHistoryReportReq is set to true:
2>	include the mobilityHistoryReport and set it to include entries from VarMobilityHistoryReport;
2>	include in the mobilityHistoryReport an entry for the current cell, possibly after removing the oldest entry if required, and set its fields as follows:
3>	set visitedCellId to the global cell identity of the current cell:
3>	set field timeSpent to the time spent in the current cell;
1>	if the tx-DC-LocationReportReq-r16 is set to true:
2>	include the uplinkTxDirectCurrentUL-CA-List-r16 
1>	if the logMeasReport is included in the UEInformationResponse:
2>	submit the UEInformationResponse message to lower layers for transmission via SRB2;
2>	discard the logged measurement entries included in the logMeasInfoList from VarLogMeasReport upon successful delivery of the UEInformationResponse message confirmed by lower layers;
1>	else:
2>	submit the UEInformationResponse message to lower layers for transmission via SRB1.


	Next change


[bookmark: _Toc46439466][bookmark: _Toc46444303][bookmark: _Toc46487064][bookmark: _Toc52836942][bookmark: _Toc52837950][bookmark: _Toc53006590]6.2.2	Message definitions
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The UEInformationRequest message is used by the network to retrieve information from the UE.
Signalling radio bearer: SRB1
RLC-SAP: AM
Logical channel: DCCH
Direction: Network to UE
UEInformationRequest message
-- ASN1START
-- TAG-UEINFORMATIONREQUEST-START

UEInformationRequest-r16 ::=     SEQUENCE {
    rrc-TransactionIdentifier        RRC-TransactionIdentifier,
    criticalExtensions               CHOICE {
        ueInformationRequest-r16         UEInformationRequest-r16-IEs,
        criticalExtensionsFuture         SEQUENCE {}
    }
}

UEInformationRequest-r16-IEs ::= SEQUENCE {
    idleModeMeasurementReq-r16       ENUMERATED{true}                         OPTIONAL, -- Need N
    logMeasReportReq-r16             ENUMERATED {true}                        OPTIONAL, -- Need N
    connEstFailReportReq-r16         ENUMERATED {true}                        OPTIONAL, -- Need N
    ra-ReportReq-r16                 ENUMERATED {true}                        OPTIONAL, -- Need N
    rlf-ReportReq-r16                ENUMERATED {true}                        OPTIONAL, -- Need N
    mobilityHistoryReportReq-r16       ENUMERATED {true}                        OPTIONAL, -- Need N
    lateNonCriticalExtension         OCTET STRING                             OPTIONAL,
    nonCriticalExtension             SEQUENCE {}UEInformationRequest-v16xy-IEs                              OPTIONAL
}

UEInformationRequest-v16xy-IEs ::= SEQUENCE {
    tx-DC-LocationReportReq-r16         ENUMERATED{true}                         OPTIONAL, -- Need N
    lateNonCriticalExtension         OCTET STRING                             OPTIONAL,
    nonCriticalExtension             SEQUENCE {}           OPTIONAL
}



-- TAG-UEINFORMATIONREQUEST-STOP
-- ASN1STOP

	UEInformationRequest-IEs field descriptions

	connEstFailReportReq
This field is used to indicate whether the UE shall report information about the connection failure.

	idleModeMeasurementReq
This field indicates that the UE shall report the idle/inactive measurement information, if available, to the network in the UEInformationResponse message.  

	logMeasReportReq
This field is used to indicate whether the UE shall report information about logged measurements.

	mobilityHistoryReportReq
This field is used to indicate whether the UE shall report information about mobility history information.

	ra-ReportReq
This field is used to indicate whether the UE shall report information about the random access procedure.

	rlf-ReportReq
This field is used to indicate whether the UE shall report information about the radio link failure.

	tx-DC-LocationReportReq
This field is used to indicate whether the UE shall report TX DC location in intra-band UL CA.
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The UEInformationResponse message is used by the UE to transfer information requested by the network.
Signalling radio bearer: SRB1 or SRB2 (when logged measurement information is included)
RLC-SAP: AM
Logical channel: DCCH
Direction: UE to network
UEInformationResponse message
-- ASN1START
-- TAG-UEINFORMATIONRESPONSE-START

UEInformationResponse-r16 ::=        SEQUENCE {
    rrc-TransactionIdentifier            RRC-TransactionIdentifier,
    criticalExtensions                   CHOICE {
        ueInformationResponse-r16            UEInformationResponse-r16-IEs,
        criticalExtensionsFuture             SEQUENCE {}
    }
}

UEInformationResponse-r16-IEs ::=    SEQUENCE {
    measResultIdleEUTRA-r16              MeasResultIdleEUTRA-r16             OPTIONAL,
    measResultIdleNR-r16                 MeasResultIdleNR-r16                OPTIONAL,
    logMeasReport-r16                    LogMeasReport-r16                   OPTIONAL,
    connEstFailReport-r16                ConnEstFailReport-r16               OPTIONAL,
    ra-ReportList-r16                    RA-ReportList-r16                   OPTIONAL,
    rlf-Report-r16                       RLF-Report-r16                      OPTIONAL,
    mobilityHistoryReport-r16            MobilityHistoryReport-r16           OPTIONAL,
    lateNonCriticalExtension             OCTET STRING                        OPTIONAL,
    nonCriticalExtension                 SEQUENCE {}UEInformationResponse-v16xy-IEs                         OPTIONAL
}

UEInformationResponse-v16xy-IEs ::=    SEQUENCE {
    uplinkTxDirectCurrentUL-CA-List-r16  SEQUENCE (SIZE (1..maxNrUL-TX-DC)) OF UplinkTxDirectCurrentUL-CA-r16    OPTIONAL
    lateNonCriticalExtension             OCTET STRING                        OPTIONAL,
    nonCriticalExtension                 SEQUENCE { }                        OPTIONAL
}

UplinkTxDirectCurrentUL-CA-r16 :: = SEQUENCE {
    uplinkTXDirectionCurrentUL-CA-id    INTEGER(0:maxNrUL-TX-DC-1),
    absoluteFrequencyPointA             ARFCN-ValueNR,
    shift7dot5kHz                       BOOLEAN,
    txDirectCurrentLocation             INTEGER (0..3299),
    subcarrierSpacing                   SubcarrierSpacing,
}


LogMeasReport-r16 ::=                SEQUENCE {
    absoluteTimeStamp-r16                AbsoluteTimeInfo-r16,
    traceReference-r16                   TraceReference-r16,
    traceRecordingSessionRef-r16         OCTET STRING (SIZE (2)),
    tce-Id-r16                           OCTET STRING (SIZE (1)),
    logMeasInfoList-r16                  LogMeasInfoList-r16,
    logMeasAvailable-r16                 ENUMERATED {true}                   OPTIONAL,
    logMeasAvailableBT-r16               ENUMERATED {true}                   OPTIONAL,
    logMeasAvailableWLAN-r16             ENUMERATED {true}                   OPTIONAL,
    ...
}
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