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Introduction 
RAN-4 requested for a means for reporting the Tx DC location (R4-2011906) for UL CA where the report provides the Tx DC sub-carrier location for all of the activated BWPs in the UL CA.  The LS also asks RAN2/1 to evaluate if it is possible to develop and method where UE reports the TX DC location after every BWP activation for rel-16. This paper discussed and proposes a solution to address this.
   
Triggering conditions for Tx DC location change
While the exact location of the Tx DC sub-carrier location is UE implementation, it is also noteworthy to mention that the exact triggering conditions which can potentially change the current Tx DC sub-carrier location is also UE implementation based. The following observations can be made:
Observation 1: It is not possible to rely on the gNB to request the Tx DC location information via an RRC message for the UE to reply back. The locations might have changed with gNB not knowing about this, esp with multiple carriers getting activated/deactivated in a CA configuration.
Observation 2: On the other hand, it is also inefficient use of resources for the gNB to trigger a DC location information after every change in CA configuration. The UE might report with the same location info in cases the information has not changed.
Observation 3: Since BWP switching can also result in Tx DC sub-carrier location change at the UE, relying on RRC signalling to transfer DC location info is not always accurate, as the BWP switching can be done via MAC CE or DCI where RRC is not aware of such change, and needs cross layer interaction. Even with such interaction, there could be more BWP changes while the RRC message is still in transit/egress.
Observation 4: Since this is one-way transfer from the UE to the gNB without any feedback from the gNB (the Tx DC sub-carrier location information sent is useful for gNB itself), there is also no need to have a REQ/CNF transaction.
Observation 5: During a inter-frequency handover, there would be a change in Tx DC location and this will trigger a new MAC CE from the UE. So there is no need to design the inter-node (Xn interface) messages and from this perspective the main drawback of using MAC CE over RRC is covered.
Observation 6: Newer MAC CEs are ignored by gNBs which have not implemented this and so there is no inter-operability issue as long as the MAC CE is designed properly.


Observation 7: While the RAN4 LS discusses the information transfer for intra-band UL CA, RAN2 should strive for a solution that is generic and future-proof to handle the complex cases without re-designing the signalling.
Based on the above, we feel that a MAC CE based Tx DC sub-carrier location information transfer from the UE to the gNB is a reasonable and practical way to address the requirement from RAN4 LS as well as making is extensible for future purposes.
   
Proposal 1: Introduce a MAC CE based delivery of the Tx DC sub-carrier location information from Rel-16. Inform RAN4/1 of this in reply LS.
Proposal 2: To ensure backward compatibility, the UE triggers the MAC CE only when NW configures the UE to report Tx DC sub-carrier location information based using Rel-16 MAC CE.
Proposal 3: The MAC CE carries the Tx DC sub-carrier location information for all the configured carriers in a cell group, where for each carrier, the location information for the active BWP is provided. No delta signalling is allowed.
Proposal 4: The MAC CE is triggered whenever the UE detects a change in the Tx DC sub-carrier location for any of the activated carriers in CA. 
Proposal 5: The priority of the Tx DC sub-carrier location reporting MAC CE is lower than the PHR MAC ME and higher than data from any logical channel other than UL-CCCH.
Proposal 6: RAN2 to discuss if a prohibit timer-based mechanism is needed to prevent the UE from reporting frequently.

We have included a text proposal below that tries to capture the MAC CE design for a particular cell group. It is our view that cross-cell-group info is not needed in the MAC CE as the other CG MAC can trigger the MAC CE as needed.




Text proposal




38.331 Changes:

[bookmark: _Toc46439535][bookmark: _Toc46444372][bookmark: _Toc46487133][bookmark: _Toc52837011][bookmark: _Toc52838019][bookmark: _Toc53006659]6.3.2	Radio resource control information elements
…..

[bookmark: _Toc46439628][bookmark: _Toc46444465][bookmark: _Toc46487226][bookmark: _Toc52837104][bookmark: _Toc52838112][bookmark: _Toc53006752]–	MAC-CellGroupConfig
The IE MAC-CellGroupConfig is used to configure MAC parameters for a cell group, including DRX.
MAC-CellGroupConfig information element
-- ASN1START
-- TAG-MAC-CELLGROUPCONFIG-START

MAC-CellGroupConfig ::=             SEQUENCE {
    drx-Config                          SetupRelease { DRX-Config }                                     OPTIONAL,   -- Need M
    schedulingRequestConfig             SchedulingRequestConfig                                         OPTIONAL,   -- Need M
    bsr-Config                          BSR-Config                                                      OPTIONAL,   -- Need M
    tag-Config                          TAG-Config                                                      OPTIONAL,   -- Need M
    phr-Config                          SetupRelease { PHR-Config }                                     OPTIONAL,   -- Need M
    skipUplinkTxDynamic                 BOOLEAN,
    ...,
    [[
    csi-Mask                            BOOLEAN                                                         OPTIONAL,   -- Need M
    dataInactivityTimer                 SetupRelease { DataInactivityTimer }                            OPTIONAL    -- Cond MCG-Only
    ]],
    [[
    usePreBSR-r16                       ENUMERATED {true}                                               OPTIONAL,   -- Need R
    schedulingRequestID-LBT-SCell-r16   SchedulingRequestId                                             OPTIONAL,   -- Need R
    lch-BasedPrioritization-r16         ENUMERATED {enabled}                                            OPTIONAL,   -- Need R
    schedulingRequestID-BFR-SCell-r16   SchedulingRequestId                                             OPTIONAL,   -- Need R
    drx-ConfigSecondaryGroup-r16        SetupRelease { DRX-ConfigSecondaryGroup }                       OPTIONAL    -- Need M
    ]],
	[[
    uplinkTxDirectCurrentDynamicReporting-r16      SetupRelease { UplinkTxDirectCurrentDynamicReporting-r16 }    OPTIONAL    -- Need M
    ]]
}

DataInactivityTimer ::=         ENUMERATED {s1, s2, s3, s5, s7, s10, s15, s20, s40, s50, s60, s80, s100, s120, s150, s180}

UplinkTxDirectCurrentDynamicReporting-r16 ::=	ENUMERATED {true}

-- TAG-MAC-CELLGROUPCONFIG-STOP
-- ASN1STOP




	MAC-CellGroupConfig field descriptions

	usePreBSR
If set to true, the MAC entity of the IAB-MT may use the Pre-emptive BSR.

	csi-Mask
If set to true, the UE limits CSI reports to the on-duration period of the DRX cycle, see TS 38.321 [3].

	dataInactivityTimer
Releases the RRC connection upon data inactivity as specified in clause 5.3.8.5 and in TS 38.321 [3]. Value s1 corresponds to 1 second, value s2 corresponds to 2 seconds, and so on.

	drx-Config
Used to configure DRX as specified in TS 38.321 [3].

	drx-ConfigSecondaryGroup
Used to configure DRX related parameters for the second DRX group as specified in TS 38.321 [3]. The network does not configure secondary DRX group with DCP simultaneously nor secondary DRX group with a dormant BWP simultaneously.

	lch-BasedPrioritization
If this field is present, the corresponding MAC entity of the UE is configured with prioritization between overlapping grants and between scheduling request and overlapping grants based on LCH priority, see TS 38.321 [3].

	schedulingRequestID-BFR-SCell
Indicates the scheduling request configuration applicable for BFR on SCell, as specified in TS 38.321 [3].

	schedulingRequestID-LBT-SCell
Indicates the scheduling request configuration applicable for consistent uplink LBT recovery on SCell, as specified in TS 38.321 [3].

	skipUplinkTxDynamic
If set to true, the UE skips UL transmissions as described in TS 38.321 [3].

	tag-Config
The field is used to configure parameters for a time-alignment group. The field is not present if any DAPS bearer is configured.

	uplinkTxDirectCurrentDynamicReporting
Enables reporting of uplink and supplementary uplink Direct Current location information using TxDC MAC CE (see TS 38.321 [3]) whenever the uplink Direct Current location for any of the active BWP of any of the serving cells in the cell group changes compared to the location reported earlier. 




[bookmark: _Toc46439805][bookmark: _Toc46444642][bookmark: _Toc46487403][bookmark: _Toc52837281][bookmark: _Toc52838289][bookmark: _Toc53006929]
6.3.3	UE capability information elements
……
[bookmark: _Toc46439835][bookmark: _Toc46444672][bookmark: _Toc46487433][bookmark: _Toc52837312][bookmark: _Toc52838320][bookmark: _Toc53006960]–	MAC-Parameters
The IE MAC-Parameters is used to convey capabilities related to MAC.
MAC-Parameters information element
-- ASN1START
-- TAG-MAC-PARAMETERS-START

MAC-Parameters ::= SEQUENCE {
    mac-ParametersCommon            MAC-ParametersCommon        OPTIONAL,
    mac-ParametersXDD-Diff          MAC-ParametersXDD-Diff      OPTIONAL
}

MAC-Parameters-v1610 ::= SEQUENCE {
    mac-ParametersFRX-Diff-r16      MAC-ParametersFRX-Diff-r16  OPTIONAL
}

MAC-ParametersCommon ::=    SEQUENCE {
    lcp-Restriction                         ENUMERATED {supported}      OPTIONAL,
    dummy                                   ENUMERATED {supported}      OPTIONAL,
    lch-ToSCellRestriction                  ENUMERATED {supported}      OPTIONAL,
    ...,
    [[
    recommendedBitRate                      ENUMERATED {supported}      OPTIONAL,
    recommendedBitRateQuery                 ENUMERATED {supported}      OPTIONAL
    ]],
    [[
    recommendedBitRateMultiplier-r16         ENUMERATED {supported}     OPTIONAL,
    preEmptiveBSR-r16                        ENUMERATED {supported}     OPTIONAL,
    autonomousTransmission-r16               ENUMERATED {supported}     OPTIONAL,
    lch-PriorityBasedPrioritization-r16      ENUMERATED {supported}     OPTIONAL,
    lch-ToConfiguredGrantMapping-r16         ENUMERATED {supported}     OPTIONAL,
    lch-ToGrantPriorityRestriction-r16       ENUMERATED {supported}     OPTIONAL,
    singlePHR-P-r16                          ENUMERATED {supported}     OPTIONAL,
    ul-LBT-FailureDetectionRecovery-r16      ENUMERATED {supported}     OPTIONAL,
    -- R4 8-1: MPE
    tdd-MPE-P-MPR-Reporting-r16              ENUMERATED {supported}     OPTIONAL,
    lcid-ExtensionIAB-r16                    ENUMERATED {supported}     OPTIONAL
    ]],
	[[
    ul-TxDC-DynamicReporting-r16           ENUMERATED {supported}     OPTIONAL
    ]]

}

MAC-ParametersFRX-Diff-r16 ::=  SEQUENCE {
    directMCG-SCellActivation-r16           ENUMERATED {supported}      OPTIONAL,
    directMCG-SCellActivationResume-r16     ENUMERATED {supported}      OPTIONAL,
    directSCG-SCellActivation-r16           ENUMERATED {supported}      OPTIONAL,
    directSCG-SCellActivationResume-r16     ENUMERATED {supported}      OPTIONAL,
    -- R1 19-1: DRX Adaptation
    drx-Adaptation-r16          SEQUENCE {
        non-SharedSpectrumChAccess-r16      MinTimeGap-r16              OPTIONAL,
        sharedSpectrumChAccess-r16          MinTimeGap-r16              OPTIONAL
    }                                                                   OPTIONAL,
    ...
}

MAC-ParametersXDD-Diff ::=  SEQUENCE {
    skipUplinkTxDynamic                     ENUMERATED {supported}     OPTIONAL,
    logicalChannelSR-DelayTimer             ENUMERATED {supported}     OPTIONAL,
    longDRX-Cycle                           ENUMERATED {supported}     OPTIONAL,
    shortDRX-Cycle                          ENUMERATED {supported}     OPTIONAL,
    multipleSR-Configurations               ENUMERATED {supported}     OPTIONAL,
    multipleConfiguredGrants                ENUMERATED {supported}     OPTIONAL,
    ...,
    [[
    secondaryDRX-Group-r16                  ENUMERATED {supported}     OPTIONAL
    ]]
}

MinTimeGap-r16 ::=    SEQUENCE {
    scs-15kHz-r16                         ENUMERATED {sl1, sl3}        OPTIONAL,
    scs-30kHz-r16                         ENUMERATED {sl1, sl6}        OPTIONAL,
    scs-60kHz-r16                         ENUMERATED {sl1, sl12}       OPTIONAL,
    scs-120kHz-r16                        ENUMERATED {sl2, sl24}       OPTIONAL
}

-- TAG-MAC-PARAMETERS-STOP
-- ASN1STOP



38.306 Changes:
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	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	autonomousTransmission-r16
Indicates whether the UE supports autonomous transmission of the MAC PDU generated for a deprioritized configured uplink grant as specified in TS 38.321 [8]. A UE supporting this feature shall also support lch-priorityBasedPrioritization-r16.
	UE
	No
	No
	No

	directMCG-SCellActivation-r16
Indicates whether the UE supports direct NR MCG SCell activation, as specified in TS 38.321 [8], upon SCell addition, upon reconfiguration with sync of the MCG, as specified in TS 38.331 [9].
	UE
	No
	No
	Yes

	directMCG-SCellActivationResume-r16
Indicates whether the UE supports direct NR MCG SCell activation, as specified in TS 38.321 [8], upon reception of an RRCResume message, as specified in TS 38.331 [9].
	UE
	No
	No
	Yes

	directSCG-SCellActivation-r16
Indicates whether the UE supports direct NR SCG SCell activation, as specified in TS 38.321 [8], upon SCell addition and upon reconfiguration with sync of the SCG, both performed via an RRCReconfiguration message received via SRB3 or contained in an RRC(Connection)Reconfiguration message received via SRB1, as specified in TS 38.331 [9] and TS 36.331 [17].
A UE indicating support of directSCG-SCellActivation-r16 shall indicate support of EN-DC or support of NGEN-DC as specified in TS 36.331 [17] or support of nr-dc as specified in TS 38.331 [9].
	UE
	No
	No
	Yes

	directSCG-SCellActivationResume-r16
Indicates whether the UE supports direct NR SCG SCell activation, as specified in TS 38.321 [8]:
-	upon reception of an RRCReconfiguration included in an RRCConnectionResume message, as specified in TS 38.331 [9] and TS 36.331 [17], if the UE indicates support of en-dc and of resumeWithSCG-Config-r16 as specified in TS 36.331 [17],
-	upon reception of an RRCReconfiguration included in an RRCResume message, as specified in TS 38.331 [9], if the UE indicates support of nr-dc and of resumeWithSCG-Config-r16 as specified in TS 38.331 [9].
A UE indicating support of directSCG-SCellActivationResume-r16 shall indicate support of EN-DC or NGEN-DC and support of resumeWithSCG-Config-r16 as specified in TS 36.331 [17] or indicate support of nr-dc and of resumeWithSCG-Config-r16 as specified in TS 38.331 [9].
	UE
	No
	No
	Yes

	drx-Adaptation-r16
Indicates whether the UE supports DRX adaptation comprised of the following functional components:
-	Configured PS_offset for the detection of DCI format 2_6  with CRC scrambling by PS-RNTI and reported minimum time gap before the start of drx_onDurationTimer
-	Indication of UE whether  or not to start drx_OnDuration timer for the next DRX cycle by detection of DCI format 2_6
-	Configured UE wakeup or not when DCI format 2_6 is not detected at all monitoring occasions outside Active time
-	Configured periodic CSI report apart from L1-RSRP when impacted by DCI format 2_6 that drx_OnDurationTimer does not start for the next DRX cycle
-	Configured periodic L1-RSRP report when impacted by DCI format 2_6 that drx_OnDurationTimer does not start for the next DRX cycle
The capability signalling includes the minimum time gap between the end of the slot of last DCI format 2_6 monitoring occasion and the beginning of the slot where the UE would start the drx_onDurationTimer for each SCS. The value sl1 indicates 1 slot. The value sl2 indicates 2 slots, and so on. Support of this feature is reported for licensed and unlicensed bands, respectively. When this field is reported, either of licensedBand-r16 or unlicensedBand-r16 shall be reported, at least.
	UE
	No
	No
	Yes

	lch-PriorityBasedPrioritization-r16
Indicates whether the UE supports prioritization between overlapping grants and between scheduling request and overlapping grants based on LCH priority as specified in TS 38.321 [8]. 
	UE
	No
	No
	No

	lch-ToConfiguredGrantMapping-r16
Indicates whether the UE supports restricting data transmission from a given LCH to a configured (sub-) set of configured grant configurations (see allowedCG-List-r16 in LogicalChannelConfig in TS 38.331 [9]) as specified in TS 38.321 [8]. 
	UE
	No
	No
	No

	lch-ToGrantPriorityRestriction-r16
Indicates whether the UE supports restricting data transmission from a given LCH to a configured (sub-) set of dynamic grant priority levels (see allowedPHY-PriorityIndex-r16 in LogicalChannelConfig in TS 38.331 [9]) as specified in TS 38.321 [8]. 
	UE
	No
	No
	No

	lch-ToSCellRestriction
Indicates whether the UE supports restricting data transmission from a given LCH to a configured (sub-) set of serving cells (see allowedServingCells in LogicalChannelConfig). A UE supporting pdcp-DuplicationMCG-OrSCG-DRB or pdcp-DuplicationSRB (see PDCP-Config) shall also support lch-ToSCellRestriction.
	UE
	No
	No
	No

	lcp-Restriction
Indicates whether UE supports the selection of logical channels for each UL grant based on RRC configured restriction.
	UE
	No
	No
	No

	logicalChannelSR-DelayTimer
Indicates whether the UE supports the logicalChannelSR-DelayTimer as specified in TS 38.321 [8].
	UE
	No
	Yes
	No

	longDRX-Cycle
Indicates whether UE supports long DRX cycle as specified in TS 38.321 [8].
	UE
	Yes
	Yes
	No

	multipleConfiguredGrants
Indicates whether UE supports more than one configured grant configurations (including both Type 1 and Type 2) in a cell group. For each cell, the UE supports at most one configured grant per BWP and the maximum number of configured grant configurations per cell group is 2. If absent, for each configured cell group, the UE only supports one configured grant configuration on one serving cell.
	UE
	No
	Yes
	No

	multipleSR-Configurations
Indicates whether the UE supports 8 SR configurations per PUCCH cell group as specified in TS 38.321 [8].
	UE
	No
	Yes
	No

	recommendedBitRate
Indicates whether the UE supports the bit rate recommendation message from the gNB to the UE as specified in TS 38.321 [8].
	UE
	No
	No
	No

	recommendedBitRateMultiplier-r16
Indicates whether the UE supports the bit rate multiplier for recommended bit rate MAC CE as specified in TS 38.321 [8], clause 6.1.3.20. This field is only applicable if the UE supports recommendedBitRate.
	UE
	No
	No
	No

	recommendedBitRateQuery
Indicates whether the UE supports the bit rate recommendation query message from the UE to the gNB as specified in TS 38.321 [8]. This field is only applicable if the UE supports recommendedBitRate.
	UE
	No
	No
	No

	secondaryDRX-Group-r16
Indicates whether UE supports secondary DRX group as specified in TS 38.321 [8].
	UE
	No
	Yes
	No

	shortDRX-Cycle
Indicates whether UE supports short DRX cycle as specified in TS 38.321 [8].
	UE
	Yes
	Yes
	No

	singlePHR-P-r16
Indicates whether UE supports the P bit in single PHR MAC CE as specified in TS 38.321 [8].
	UE
	No
	No
	No

	skipUplinkTxDynamic
Indicates whether the UE supports skipping of UL transmission for an uplink grant indicated on PDCCH if no data is available for transmission as specified in TS 38.321 [8].
	UE
	No
	Yes
	No

	tdd-MPE-P-MPR-Reporting-r16
Indicates whether the UE supports P-MPR reporting for Maximum Permissible Exposure, as specified in TS38.321 [8].
	UE
	No
	TDD only
	FR2 only

	ul-LBT-FailureDetectionRecovery-r16
Indicates whether the UE supports consistent uplink LBT detection and recovery, as specified in TS 38.321 [8], for cells operating with shared spectrum channel access [8].
[bookmark: _Hlk42151165]This field applies to all serving cells with which the UE is configured with shared spectrum channel access.
	UE
	No
	No
	No

	ul-TxDC-DynamicReporting-r16
Indicates whether the UE supports Tx DC MAC CE based uplink Tx Direct Current sub-carrier location reporting as specified in TS38.821 [8].
	UE
	No
	No
	No
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5.4.3.1.3	Allocation of resources
Before the successful completion of the Random Access procedure initiated for DAPS handover, the target MAC entity shall not select the logical channel(s) corresponding to non-DAPS DRB(s) for the uplink grant received in a Random Access Response or the uplink grant for the transmission of the MSGA payload.
The MAC entity shall, when a new transmission is performed:
1>	allocate resources to the logical channels as follows:
2>	logical channels selected in clause 5.4.3.1.2 for the UL grant with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to infinity, the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);
2>	decrement Bj by the total size of MAC SDUs served to logical channel j above;
2>	if any resources remain, all the logical channels selected in clause 5.4.3.1.2 are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
NOTE 1:	The value of Bj can be negative.
If the MAC entity is requested to simultaneously transmit multiple MAC PDUs, or if the MAC entity receives the multiple UL grants within one or more coinciding PDCCH occasions (i.e. on different Serving Cells), it is up to UE implementation in which order the grants are processed.
The UE shall also follow the rules below during the scheduling procedures above:
-	the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources of the associated MAC entity;
-	if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant of the associated MAC entity as much as possible;
-	the UE should maximise the transmission of data;
-	if the MAC entity is given a UL grant size that is equal to or larger than 8 bytes while having data available and allowed (according to clause 5.4.3.1) for transmission, the MAC entity shall not transmit only padding BSR and/or padding.
The MAC entity shall not generate a MAC PDU for the HARQ entity if the following conditions are satisfied:
-	the MAC entity is configured with skipUplinkTxDynamic with value true and the grant indicated to the HARQ entity was addressed to a C-RNTI, or the grant indicated to the HARQ entity is a configured uplink grant; and
-	there is no aperiodic CSI requested for this PUSCH transmission as specified in TS 38.212 [9]; and
-	the MAC PDU includes zero MAC SDUs; and
-	the MAC PDU includes only the periodic BSR and there is no data available for any LCG, or the MAC PDU includes only the padding BSR.
Logical channels shall be prioritised in accordance with the following order (highest priority listed first):
-	C-RNTI MAC CE or data from UL-CCCH;
-	Configured Grant Confirmation MAC CE or BFR MAC CE or Multiple Entry Configured Grant Confirmation MAC CE;
-	Sidelink Configured Grant Confirmation MAC CE;
-	LBT failure MAC CE;
-	MAC CE for SL-BSR prioritized according to clause 5.22.1.6;
-	MAC CE for BSR, with exception of BSR included for padding;
-	Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;
-	MAC CE for the number of Desired Guard Symbols;
-	MAC CE for Pre-emptive BSR;
-	MAC CE for SL-BSR, with exception of SL-BSR prioritized according to clause 5.22.1.6 and SL-BSR included for padding;
-	MAC CE for Tx DC sub-carrier location reporting;
-	data from any Logical Channel, except data from UL-CCCH;
-	MAC CE for Recommended bit rate query;
-	MAC CE for BSR included for padding;
[bookmark: _Toc29239843]-	MAC CE for SL-BSR included for padding.
NOTE 2:	Prioritization among Configured Grant Confirmation MAC CE, Multiple Entry Configured Grant Confirmation MAC CE, and BFR MAC CE is up to UE implementation.
[bookmark: _Toc37296202][bookmark: _Toc46490328]The MAC entity shall prioritize any MAC CE listed in a higher order than 'data from any Logical Channel, except data from UL-CCCH' over transmission of NR sidelink communication.
[bookmark: _Toc52752023][bookmark: _Toc52796485]5.4.3.2	Multiplexing of MAC Control Elements and MAC SDUs
The MAC entity shall multiplex MAC CEs and MAC SDUs in a MAC PDU according to clauses 5.4.3.1 and 6.1.2.
NOTE:	Content of a MAC PDU does not change after being built for transmission on a dynamic uplink grant, regardless of LBT outcome.

5.4.X	Tx DC sub-carrier Location Reporting
The Tx DC sub-carrier location reporting procedure is used to provide the information about the location of the DC sub-carrier for the active BWP for each of the serving cells in a cell group.
RRC controls Tx DC sub-carrier location reporting by configuring the following parameter:
-	uplinkTxDirectCurrentDynamicReporting;
A Tx DC sub-carrier location report (TxDC) shall be triggered if the following event occur:
-	change in the current Tx DC sub-carrier location in any of the serving cells due to a change in BWP configuration on any of these serving cells or due to addition/deletion/activation/deactiavtion of any of the secondary cells in the cell group 
The MAC entity shall:
1>	if the Tx DC sub-carrier location report has been triggered and not cancelled:
2>	if UL-SCH resources are available for a new transmission and the UL-SCH resources can accommodate the Tx DC sub-carrier location report MAC CE plus its subheader as a result of logical channel prioritization:
3>	instruct the Multiplexing and Assembly procedure to generate the Tx DC sub-carrier location report MAC CE as defined in clause 6.1.3.XXXX;
2> else:
3>	if there is no UL-SCH resource available for a new transmission; or
3>	if the UL-SCH resources available for a new transmission do not meet the LCP mapping restrictions (see clause 5.4.3.1) configured for the logical channel that triggered the BSR:
4>	trigger a Scheduling Request.
All TxDCs triggered prior to MAC PDU assembly shall be cancelled when a MAC PDU is transmitted and this PDU includes a Tx DC MAC CE which contains information including the last event that triggered a DC prior to the MAC PDU assembly.
NOTE :	MAC PDU assembly can happen at any point in time between uplink grant reception and actual transmission of the corresponding MAC PDU. TxDC can be triggered after the assembly of a MAC PDU which contains a Tx DC MAC CE, but before the transmission of this MAC PDU. 

…….

[bookmark: _Toc29239879][bookmark: _Toc37296277][bookmark: _Toc46490408][bookmark: _Toc52752103][bookmark: _Toc52796565]6.1.3.X	Tx DC Sub-carrier Location Report MAC CEs
Tx DC sub-carrier location report (TxDC) MAC CEs consist of:
-	Short Tx DC format (variable size); or
-	Long Tx DC format (variable size)
The Tx DC MAC CE of one octet is identified by a MAC subheader with eLCID as specified in Table 6.2.1-2b. It has a variable size and consists of a single octet containing eight C-fields. The Tx DC MAC C of one octet is defined as follows (Figure 6.1.X.1-1). This MAC CE is used if the number of serving cells with active BWP in the cell group is 8 or less.
The Tx DC MAC CE of four octets is identified by a MAC subheader with eLCID as specified in Table 6.2.1-2b. It has a variable size and consists of four octets containing 32 C-fields. The Tx DC MAC CE of four octets is defined as follows (Figure 6.1.X.1-2). This MAC CE is used if the number of serving cells with active BWP in the cell group is 9 or more.
The Tx DC MAC CEs are defined as follows:
-	Ci: This field indicates the presence of a Tx DC location field for the Serving Cell with ServCellIndex i as specified in TS 38.331 [5]. The Ci field set to 1 indicates that a Tx DC location field for the Serving Cell with ServCellIndex i is reported. The Ci field set to 0 indicates that a Tx DC location field for the Serving Cell with ServCellIndex i is not reported;
-	R: Reserved bit, set to 0;
-	SUL: This field indicates if the Tx DC location value is for the active BWP in the supplementary uplink carrier. For normal uplink carrier, the SUL field is set to 0 and for supplementary uplink carrier, the SUL field is set to 1.  Furthermore, if a serving cell has both normal and supplementary uplink carriers configured, the Tx DC location for the supplementary carrier is provided before the Tx DC location for normal uplink for the same serving cell;
-	Tx DC sub-carrier location (DC): This field indicates the Tx DC sub-carrier location for the active BWP for this carrier in the serving cell that corresponds to Ci. The Tx DC sub-carrier location values are specified in TS 38.331 [5];
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Figure 6.1.X.1-1: Short Tx DC MAC CE
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Figure 6.1.X.1-2: Long Tx DC MAC CE
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The MAC subheader consists of the following fields:
-	LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC CE or padding as described in Tables 6.2.1-1 and 6.2.1-2 for the DL-SCH and UL-SCH respectively. There is one LCID field per MAC subheader. The LCID field size is 6 bits. If the LCID field is set to 34, one additional octet is present in the MAC subheader containing the eLCID field and follow the octet containing LCID field. If the LCID field is set to 33, two additional octets are present in the MAC subheader containing the eLCID field and these two additional octets follow the octet containing LCID field;
-	eLCID: The extended Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC CE as described in tables 6.2.1-1a, 6.2.1-1b, 6.2.1-2a and 6.2.1-2b for the DL-SCH and UL-SCH respectively. The size of the eLCID field is either 8 bits or 16 bits.
NOTE:	The extended Logical Channel ID space using two-octet eLCID and the relevant MAC subheader format is used, only when configured, on the NR backhaul links between IAB nodes or between IAB node and IAB Donor.
-	L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC CE in bytes. There is one L field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs, padding, and MAC SDUs containing UL CCCH. The size of the L field is indicated by the F field;
-	F: The Format field indicates the size of the Length field. There is one F field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs, padding, and MAC SDUs containing UL CCCH. The size of the F field is 1 bit. The value 0 indicates 8 bits of the Length field. The value 1 indicates 16 bits of the Length field;
-	R: Reserved bit, set to 0.
The MAC subheader is octet aligned.
Table 6.2.1-1 Values of LCID for DL-SCH
	Codepoint/Index
	LCID values

	0
	CCCH

	1–32
	Identity of the logical channel

	33
	Extended logical channel ID field (two-octet eLCID field)

	34
	Extended logical channel ID field (one-octet eLCID field)

	35–46
	Reserved

	47
	Recommended bit rate

	48
	SP ZP CSI-RS Resource Set Activation/Deactivation

	49
	PUCCH spatial relation Activation/Deactivation

	50
	SP SRS Activation/Deactivation 

	51
	SP CSI reporting on PUCCH Activation/Deactivation

	52
	TCI State Indication for UE-specific PDCCH

	53
	TCI States Activation/Deactivation for UE-specific PDSCH

	54
	Aperiodic CSI Trigger State Subselection

	55
	SP CSI-RS/CSI-IM Resource Set Activation/Deactivation

	56
	Duplication Activation/Deactivation

	57
	SCell Activation/Deactivation (four octets)

	58
	SCell Activation/Deactivation (one octet)

	59
	Long DRX Command

	60
	DRX Command

	61
	Timing Advance Command

	62
	UE Contention Resolution Identity

	63
	Padding



Table 6.2.1-1a Values of two-octet eLCID for DL-SCH
	Codepoint
	Index
	LCID values

	0 to (216 – 1)
	320 to (216 + 319)
	Identity of the logical channel



Table 6.2.1-1b Values of one-octet eLCID for DL-SCH
	Codepoint
	Index
	LCID values

	0 to 244
	64 to 308
	Reserved

	245
	309
	Serving Cell Set based SRS Spatial Relation Indication

	246
	310
	PUSCH Pathloss Reference RS Update

	247
	311
	SRS Pathloss Reference RS Update

	248
	312
	Enhanced SP/AP SRS Spatial Relation Indication

	249
	313
	Enhanced PUCCH Spatial Relation Activation/Deactivation

	250
	314
	Enhanced TCI States Activation/Deactivation for UE-specific PDSCH

	251
	315
	Duplication RLC Activation/Deactivation

	252
	316
	Absolute Timing Advance Command

	253
	317
	SP Positioning SRS Activation/Deactivation

	254
	318
	Provided Guard Symbols

	255
	319
	Timing Delta



Table 6.2.1-2 Values of LCID for UL-SCH
	Codepoint/Index
	LCID values

	0
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5])

	1–32
	Identity of the logical channel

	33
	Extended logical channel ID field (two-octet eLCID field)

	34
	Extended logical channel ID field (one-octet eLCID field)

	35–44
	Reserved

	45
	Truncated Sidelink BSR

	46
	Sidelink BSR

	47
	Reserved

	48
	LBT failure (four octets)

	49
	LBT failure (one octet)

	50
	BFR (one octet Ci)

	51
	Truncated BFR (one octet Ci)

	52
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5])

	53
	Recommended bit rate query

	54
	Multiple Entry PHR (four octets Ci)

	55
	Configured Grant Confirmation

	56
	Multiple Entry PHR (one octet Ci)

	57
	Single Entry PHR

	58
	C-RNTI

	59
	Short Truncated BSR

	60
	Long Truncated BSR

	61
	Short BSR

	62
	Long BSR

	63
	Padding



[bookmark: _Toc12718157]Table 6.2.1-2a Values of two-octet eLCID for UL-SCH
	Codepoint
	Index
	LCID values

	0 to (216 – 1)
	320 to (216 + 319)
	Identity of the logical channel



Table 6.2.1-2b Values of one-octet eLCID for UL-SCH
	Codepoint
	Index
	LCID values

	0 to 2489
	64 to 3123
	Reserved

	249
	313
	TxDC (four octets Ci)

	250
	314
	BFR (four octets Ci)

	251
	315
	Truncated BFR (four octets Ci)

	252
	316
	Multiple Entry Configured Grant Confirmation

	253
	317
	Sidelink Configured Grant Confirmation

	254
	318
	Desired Guard Symbols

	255
	319
	Pre-emptive BSR




Conclusions
Observation 1: It is not possible to rely on the gNB to request the Tx DC location information via an RRC message for the UE to reply back. The locations might have changed with gNB not knowing about this, esp with multiple carriers getting activated/deactivated in a CA configuration.
Observation 2: On the other hand, it is also inefficient use of resources for the gNB to trigger a DC location information after every change in CA configuration. The UE might report with the same location info in cases the information has not changed.
Observation 3: Since BWP switching can also result in Tx DC sub-carrier location change at the UE, relying on RRC signalling to transfer DC location info is not always accurate, as the BWP switching can be done via MAC CE or DCI where RRC is not aware of such change, and needs cross layer interaction. Even with such interaction, there could be more BWP changes while the RRC message is still in transit/egress.
Observation 4: Since this is one-way transfer from the UE to the gNB without any feedback from the gNB (the Tx DC sub-carrier location information sent is useful for gNB itself), there is also no need to have a REQ/CNF transaction.
Observation 5: During a inter-frequency handover, there would be a change in Tx DC location and this will trigger a new MAC CE from the UE. So there is no need to design the inter-node (Xn interface) messages and from this perspective the main drawback of using MAC CE over RRC is covered.
Observation 6: Newer MAC CEs are ignored by gNBs which have not implemented this and so there is no inter-operability issue as long as the MAC CE is designed properly.


Observation 7: While the RAN4 LS discusses the information transfer for intra-band UL CA, RAN2 should strive for a solution that is generic and future-proof to handle the complex cases without re-designing the signalling.
Based on the above, we feel that a MAC CE based Tx DC sub-carrier location information transfer from the UE to the gNB is a reasonable and practical way to address the requirement from RAN4 LS as well as making is extensible for future purposes.
   
Proposal 1: Introduce a MAC CE based delivery of the Tx DC sub-carrier location information from Rel-16. Inform RAN4/1 of this in reply LS.
Proposal 2: To ensure backward compatibility, the UE triggers the MAC CE only when NW configures the UE to report Tx DC sub-carrier location information based using Rel-16 MAC CE.
Proposal 3: The MAC CE carries the Tx DC sub-carrier location information for all the configured carriers in a cell group, where for each carrier, the location information for the active BWP is provided. No delta signalling is allowed.
Proposal 4: The MAC CE is triggered whenever the UE detects a change in the Tx DC sub-carrier location for any of the activated carriers in CA. 
Proposal 5: The priority of the Tx DC sub-carrier location reporting MAC CE is lower than the PHR MAC ME and higher than data from any logical channel other than UL-CCCH.
Proposal 6: RAN2 to discuss if a prohibit timer-based mechanism is needed to prevent the UE from reporting frequently.
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