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Introduction
In Rel-18 discussions on MIMO Evolution for Downlink and Uplink, RAN1 has agreed to support multi-DCI multi-TRP operation with two TAs. In this document, we discuss MAC remaining issues on two TAs for multi-DCI multi-TRP.
Discussion
TAG indication in successRAR
Regarding whether TAG indication is needed in successRAR, issues are identified in the offline discussion [Post123bis][204][MIMOevo].
One issue is whether 2TA operation is applied in RRC_INACTIVE. Since multi-TRP operation is only applicable to RRC_CONNECTED, there is no reason to apply multi-TRP operation with 2TA in RRC_INACTIVE. 
Proposal 1: multi-TRP operation with 2TA is not applicable in RRC_INACTIVE.
Another issue is if UE is configured with 2 TAGs before entering RRC_INACTIVE, whether the 2 TAGs configuration, if stored in AS context, is released when initiating RRC resume. 
In the current RRC procedure, when entering RRC_INACTIVE, MAC is reset and multi-TRP configuration including 2 TAGs if configured is stored in AS context, as specified in TS 38.331 clause 5.3.8.3.
	1>	if the RRCRelease includes suspendConfig:
2>	reset MAC and release the default MAC Cell Group configuration, if any;
2>	apply the received suspendConfig except the received nextHopChainingCount;
<…text omitted…>
2>	if the RRCRelease message with suspendConfig was received in response to an RRCResumeRequest or an RRCResumeRequest1:
<…text omitted…>
2>	else:
[bookmark: _Hlk95515016]3>	store in the UE Inactive AS Context the nextHopChainingCount received in the RRCRelease message, the current KgNB and KRRCint keys, the ROHC state, the EHC context(s), the UDC state, the stored QoS flow to DRB mapping rules, the application layer measurement configuration, the C-RNTI used in the source PCell, the cellIdentity and the physical cell identity of the source PCell, the spCellConfigCommon within ReconfigurationWithSync of the NR PSCell (if configured) and all other parameters configured except for:
-	parameters within ReconfigurationWithSync of the PCell;
-	parameters within ReconfigurationWithSync of the NR PSCell, if configured;
-	parameters within MobilityControlInfoSCG of the E-UTRA PSCell, if configured;
-	servingCellConfigCommonSIB;
-	sl-L2RelayUE-Config, if configured;
-	sl-L2RemoteUE-Config, if configured;
<…text omitted…>
2>	indicate the suspension of the RRC connection to upper layers;
2>	if the UE is capable of L2 U2N Remote UE:
3>	enter RRC_INACTIVE, and perform either cell selection as specified in TS 38.304 [20], or relay selection as specified in clause 5.8.15.3, or both;
2>	else:
3>	enter RRC_INACTIVE and perform cell selection as specified in TS 38.304 [20];
1>	else:
2>	perform the actions upon going to RRC_IDLE as specified in 5.3.11, with the release cause 'other'.
NOTE 3:	Whether to release the PC5 unicast link is left to L2 U2N Remote UE's implementation.
NOTE 4:	It is left to UE implementation whether to stop T430, if running, when going to RRC_INACTIVE.



When initiating RRC resume, 1) specific configurations if stored in AS context are released upon initiating RRC resume; 2) UE applies the timeAlignmentTimerCommon included in SIB1 for the TA in RAR, as specified in TS 38.331 clause 5.3.13.2.
	Upon initiation of the procedure, the UE shall:
      <…text omitted…>
1>	if the UE is acting as L2 U2N Remote UE:
<…text omitted…>
1>	else:
2>	apply the default L1 parameter values as specified in corresponding physical layer specifications, except for the parameters for which values are provided in SIB1;
2>	apply the default SRB1 configuration as specified in 9.2.1;
2>	apply the default MAC Cell Group configuration as specified in 9.2.2;
1>	release delayBudgetReportingConfig from the UE Inactive AS context, if stored;
1>	stop timer T342, if running;
1>	release overheatingAssistanceConfig from the UE Inactive AS context, if stored;
1>	stop timer T345, if running;
1>	release idc-AssistanceConfig from the UE Inactive AS context, if stored;
1>	release drx-PreferenceConfig for all configured cell groups from the UE Inactive AS context, if stored;
1>	stop all instances of timer T346a, if running;
1>	release maxBW-PreferenceConfig and maxBW-PreferenceConfigFR2-2 for all configured cell groups from the UE Inactive AS context, if stored;
1>	stop all instances of timer T346b, if running;
1>	release maxCC-PreferenceConfig for all configured cell groups from the UE Inactive AS context, if stored;
1>	stop all instances of timer T346c, if running;
1>	release maxMIMO-LayerPreferenceConfig and maxMIMO-LayerPreferenceConfigFR2-2 for all configured cell groups from the UE Inactive AS context, if stored;
1>	stop all instances of timer T346d, if running;
1>	release minSchedulingOffsetPreferenceConfig and minSchedulingOffsetPreferenceConfigExt for all configured cell groups from the UE Inactive AS context, if stored;
1>	stop all instances of timer T346e, if running;
1>	release rlm-RelaxationReportingConfig for all configured cell groups from the UE Inactive AS context, if stored;
1>	stop all instances of timer T346j, if running;
1>	release bfd-RelaxationReportingConfig for all configured cell groups from the UE Inactive AS context, if stored;
1>	stop all instances of timer T346k, if running;
1>	release releasePreferenceConfig from the UE Inactive AS context, if stored;
1>	release wlanNameList from the UE Inactive AS context, if stored;
1>	release btNameList from the UE Inactive AS context, if stored;
1>	release sensorNameList from the UE Inactive AS context, if stored;
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]1>	release obtainCommonLocation from the UE Inactive AS context, if stored;
1>	stop timer T346f, if running;
1>	stop timer T346i, if running;
1>	release referenceTimePreferenceReporting from the UE Inactive AS context, if stored;
1>	release sl-AssistanceConfigNR from the UE Inactive AS context, if stored;
1>	release musim-GapAssistanceConfig from the UE Inactive AS context, if stored and stop timer T346h, if running;
1>	release musim-GapConfig from the UE Inactive AS context, if stored;
1>	release musim-LeaveAssistanceConfig from the UE Inactive AS context, if stored;
1>	release propDelayDiffReportConfig from the UE Inactive AS context, if stored;
1>	release ul-GapFR2-PreferenceConfig, if configured;
1>	release rrm-MeasRelaxationReportingConfig from the UE Inactive AS context, if stored;
1>	if the UE is acting as L2 U2N Remote UE:
<…text omitted…>
1>	else:
2>	apply the CCCH configuration as specified in 9.1.1.2;
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      <…text omitted…>
1>	initiate transmission of the RRCResumeRequest message or RRCResumeRequest1 in accordance with 5.3.13.3.



Upon the reception of RRCResume, UE restores and applies the configuration in AS context, and applies configuration in RRC resume which may include reconfiguration on 2 TAGs, and enters RRC connected mode, as specified in TS 38.331 clause 5.3.13.4.
	The UE shall:
1>	stop timer T319, if running;
1>	stop timer T319a, if running and consider SDT procedure is not ongoing;
1>	stop timer T380, if running;
1>	if T331 is running:
2>	stop timer T331;
2>	perform the actions as specified in 5.7.8.3;
1>	if the RRCResume includes the fullConfig:
2>	perform the full configuration procedure as specified in 5.3.5.11;
1>	else:
2>	if the RRCResume does not include the restoreMCG-SCells:
3>	release the MCG SCell(s) from the UE Inactive AS context, if stored;
2>	if the RRCResume does not include the restoreSCG:
3>	release the MR-DC related configurations (i.e., as specified in 5.3.5.10) from the UE Inactive AS context, if stored;
2>	restore the masterCellGroup, mrdc-SecondaryCellGroup, if stored, and pdcp-Config from the UE Inactive AS context;
2>	configure lower layers to consider the restored MCG and SCG SCell(s) (if any) to be in deactivated state;
1>	discard the UE Inactive AS context;
[bookmark: _Hlk95515147]1>	store the used nextHopChainingCount value associated to the current KgNB;
1>	if sdt-MAC-PHY-CG-Config is configured:
2>	instruct the MAC entity to stop the cg-SDT-TimeAlignmentTimer, if it is running;
2>	instruct the MAC entity to start the timeAlignmentTimer associated with the PTAG, if it is not running;
1>	if srs-PosRRC-InactiveConfig is configured:
2>	instruct the MAC entity to stop inactivePosSRS-TimeAlignmentTimer, if it is running;
1>	release the suspendConfig except the ran-NotificationAreaInfo;
1>	if the RRCResume includes the masterCellGroup:
2>	perform the cell group configuration for the received masterCellGroup according to 5.3.5.5;
1>	if the RRCResume includes the mrdc-SecondaryCellGroup:
2>	if the received mrdc-SecondaryCellGroup is set to nr-SCG:
3>	perform the RRC reconfiguration according to 5.3.5.3 for the RRCReconfiguration message included in nr-SCG;
2>	if the received mrdc-SecondaryCellGroup is set to eutra-SCG:
3>	perform the RRC connection reconfiguration as specified in TS 36.331 [10], clause 5.3.5.3 for the RRCConnectionReconfiguration message included in eutra-SCG;
     <…text omitted…>
1>	enter RRC_CONNECTED;
1>	indicate to upper layers that the suspended RRC connection has been resumed;
1>	stop the cell re-selection procedure;
1>	stop relay reselection procedure if any for L2 U2N Remote UE;
1>	consider the current cell to be the PCell;
1>	set the content of the of RRCResumeComplete message as follows:
<…text omitted…>
1>	submit the RRCResumeComplete message to lower layers for transmission;
1>	the procedure ends.
NOTE 2:	Network only configures at most one of reportUplinkTxDirectCurrent, reportUplinkTxDirectCurrentTwoCarrier or reportUplinkTxDirectCurrentMoreCarrier in one RRC message.



Based on the current procedure, the 2 TAG configuration, if stored in UE Inactive AS context and not released when initiating RRC resume, is applied when processing RRC resume message, i.e., after processing TA command in RAR RA completion. 
Since UE may connects to a new cell when performing the resume, and the 2TA operation can be configured after UE entering RRC connection by NW based on whether multi-TRP operation with 2TA is needed or not, so establishing one TA is sufficient to resume the connection. There is no strong motivation to keep the 2TA configuration. To go with the simple solution, 2TA configuration for multi-TRP operation is released when initiating RRC resume. 
Similarly, UE may select a different cell in RRC reestablishment, 2TA configuration should be released when initiating RRC reestablishment.
Proposal 2: 2TA configuration for multi-TRP operation if stored/configured is released when initiating RRC resume/reestablishment.
If Proposal 2 is agreed, when performing RRC resume/reestablishment, there is only one TAG. If 4-step RA is performed, at Msg2 NW cannot distinguish UE in connected mode configured with 2TAs and UE performing RRC setup/resume/reestablishment not configured with 2TAs, so TAG indication is needed in RAR and UE can regard the TAG indication bit as R bit if 2 TAGs are not configured. If 2-step RA is performed, if MAC PDU for CCCH/CCCH1 is included in the MsgA-PUSCH, at MsgB NW can know the UE is performing RRC setup/resume/reestablishment not configured with 2TA, so TAG indication is not needed in successRAR as there is only one TAG for the UE. Therefore, given proposal 2 is agreed, TAG indication in successRAR is not needed. 
If proposal 2 is not agreed, based on the current procedure, the 2 TAG configuration, if not released upon initiating RRC resume, is applied when processing RRC resume/setup message, which is after processing TA command in successRAR. This means when processing TA in successRAR there is only one TAG, thus, TAG indication in successRAR is not needed.
Proposal 3: TAG indication in successRAR is not needed.

RA completion for 2-step RA triggered by SR
Another open issue is for the 2-step RA triggered by SR for UL grant, whether RA is considered as completed if PDCCH addressed to C-RNTI containing a UL grant for a new transmission is received and at least one TAT is running. The relevant procedure in the current running CR is copied below.
	Once the MSGA preamble is transmitted, regardless of the possible occurrence of a measurement gap, the MAC entity shall:
1>	start the msgB-ResponseWindow at the PDCCH occasion as specified in TS 38.213 [6], clause 8.2A;
1>	monitor the PDCCH of the SpCell for a Random Access Response identified by MSGB-RNTI while the msgB-ResponseWindow is running;
1>	if C-RNTI MAC CE was included in the MSGA:
2>	monitor the PDCCH of the SpCell for Random Access Response identified by the C-RNTI while the msgB-ResponseWindow is running.
1>	if notification of a reception of a PDCCH transmission of the SpCell is received from lower layers:
2>	if the C-RNTI MAC CE was included in MSGA:
3>	if the Random Access procedure was initiated for SpCell beam failure recovery or for beam failure recovery of both BFD-RS sets of SpCell (as specified in clause 5.17) and the PDCCH transmission is addressed to the C-RNTI:
4>	consider this Random Access Response reception successful;
4>	stop the msgB-ResponseWindow;
4>	consider this Random Access procedure successfully completed.
3>	else if the timeAlignmentTimer associated with the at least one PTAG is running; or
3>	if CG-SDT procedure is ongoing and cg-SDT-TimeAlignmentTimer is running:
4>	if the PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission:
5>	consider this Random Access Response reception successful;
5>	stop the msgB-ResponseWindow;
5>	consider this Random Access procedure successfully completed.
3>	else:
4>	if a downlink assignment has been received on the PDCCH for the C-RNTI and the received TB is successfully decoded:
5>	if the MAC PDU contains the Absolute Timing Advance Command MAC CE:
6>	process the received Timing Advance Command (see clause 5.2);
6>	consider this Random Access Response reception successful;
6>	stop the msgB-ResponseWindow;
6>	consider this Random Access procedure successfully completed and finish the disassembly and demultiplexing of the MAC PDU.
2>	if a valid (as specified in TS 38.213 [6]) downlink assignment has been received on the PDCCH for the MSGB-RNTI and the received TB is successfully decoded:
3>	if the MSGB contains a MAC subPDU with Backoff Indicator:
4>	set the PREAMBLE_BACKOFF to value of the BI field of the MAC subPDU using Table 7.2-1, multiplied with SCALING_FACTOR_BI.
3>	else:
4>	set the PREAMBLE_BACKOFF to 0 ms.
3>	if the MSGB contains a fallbackRAR MAC subPDU; and
3>	if the Random Access Preamble identifier in the MAC subPDU matches the transmitted PREAMBLE_INDEX (see clause 5.1.3a):
4>	consider this Random Access Response reception successful;
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5>	process the received Timing Advance Command (see clause 5.2);
5>	indicate the msgA-PreambleReceivedTargetPower and the amount of power ramping applied to the latest Random Access Preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP);
5>	if the Random Access Preamble was not selected by the MAC entity among the contention-based Random Access Preamble(s):
6>	consider the Random Access procedure successfully completed;
6>	process the received UL grant value and indicate it to the lower layers.
5>	else:
6>	set the TEMPORARY_C-RNTI to the value received in the Random Access Response;
6>	if the Msg3 buffer is empty:
7>	obtain the MAC PDU to transmit from the MSGA buffer and store it in the Msg3 buffer;
6>	process the received UL grant value and indicate it to the lower layers and proceed with Msg3 transmission.
      <…text omitted…>



As in the legacy operation, RA can be initiated by UE for SpCell when there is no valid PUCCH resource to trigger SR. When 2 TAGs are configured, the RA triggered by SR can happen in two cases. 
Case 1: both TAGs are expired so that PUCCH for all serving cells are released;  
For this case, if 2-step RA is performed, the UE follows the procedure of the “else” branch (yellow highlighted above), i.e., the absolute TAC MAC CE is applied to recover the TA for the indicated TAG and RA is considered completed.
Case 2: the TAT of one TAG is expired and the TAT of the other TAG is running, and the PUCCH resources are all associated to the expired TAG and released so no valid PUCCH resource is available. 
For case 2, if 2-step RA is performed in this case, since RA is triggered for UL grant allocation, NW can prioritize UL grant allocation rather than recovering TA. As being aware of the status of TATs, NW will not allocate UL grant for TCI states associated to the TAG with TAT expired, but allocate UL grant for TCI states associated to the TAG with TAT running, regardless to which TRP the MsgA Preamble is transmitted. The TA can be recovered subsequently by PDCCH order CFRA if necessary. Therefore, as green highlighted, RA is considered completed if the PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission. 
Furthermore, for case 2, in MsgB for 2-step RA, NW can send PDCCH addressed to MsgB-RNTI including fallbackRAR, as blue highlighted, so that both TA and UL grant are included and the TA can be applied to the TAG with TAT expired if the TAG is indicated. Thus, no other optimization is needed.
Based on the above analysis, for the 2-step RA triggered by SR for UL grant, RA is considered as completed if at least one PTAG is running and PDCCH addressed to the C-RNTI containing a UL grant for a new transmission is received.
Proposal 4: for the 2-step RA triggered by SR for UL grant, RA is considered as completed if at least one PTAG is running and PDCCH addressed to the C-RNTI containing a UL grant for a new transmission is received.

TAG indication in fallbackRAR
RAN2 has agreed that for CBRA the R bit in RAR is used for TAG indication. For the RA in connected mode, e.g., triggered by SR, the fallbackRAR can be included in MsgB if 2-step CBRA is performed. Thus, TAG indication is necessary in fallbackRAR for 2-step CBRA. 
Proposal 5: the R bit in fallbackRAR is used for TAG indication in 2-step CBRA.
RAN2 has also agreed that TAG indication is included in absolute TAC MAC CE, which can be sent in 2-step RA when performing handover. Thus, we should confirm 2TAG configuration of target cell is applied in handover. But as legacy operation, HO completion requires only one TA established. The second TA can be established after HO completion by PDCCH order CFRA.
[bookmark: _Hlk149600653]Proposal 6: 2TAG configuration if configured for the target cell is applied in handover, only one TA is required for HO completion.
When 2-step CFRA is performed for handover, fallbackRAR can be sent in MsgB if the network detects MsgA-PRACH preamble but not able to decode MsgA-PUSCH correctly. UE considers the RA procedure is successful even if it has received fallbackRAR. The RA procedure ends here. The UL grant in fallbackRAR is for retransmission of MsgA PUSCH, and the TA command is applied for the indicated TAG. Therefore, TAG indication is necessary in fallbackRAR for 2-step CFRA.
Proposal 7: the R bit in fallbackRAR is used for TAG indication in 2-step CFRA.
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TAG indication for inter-cell PDCCH ordered CFRA
For inter-cell PDCCH order CFRA, UE can determine the PRACH configuration to be applied based on the indication of additional PCI in PDCCH order. However, how to indicate the TAG for the TA to be applied in inter-cell PDCCH order CFRA is still not clear. In the offline discussion [Post123bis][204][MIMOevo], two options are discussed on the TAG to be applied for inter-cell PDCCH ordered CFRA. 
· Option 1: Specify that if inter-cell PDCCH order CFRA towards the serving cell PCI is triggered, the legacy PRACH configuration is applied and the legacy tag-Id is applied for the TA in RAR; if inter-cell PDCCH order CFRA towards the active addtionalPCI is triggered, the additional PCI’s PRACH configuration is applied and the tag-Id2 is applied for the TA in RAR. 
· Option 2: Use the R bit in RAR to indicate TAG, same as intra-cell PDCCH order CFRA.
For option 1, there are two issues. One issue is that from UE perspective, when it processes TA in RAR in PDCCH order CFRA, it has to distinguish inter-cell and intra-cell cases and ends up with different procedures, which makes complicated UE behaviour in MAC procedures. 
The other issue is that the fixed association between the additional RACH configuration and tag-Id2 may not work well for multi-TRP operation. For instance, consider TRP1 and TRP2 as intra-cell TRPs for a serving cell, and TRP 3 as an inter-cell TRP from the additional PCI for the serving cell. As a UE moving along TRP1  TRP2  TRP3, the NW may trigger first intra-cell TRP operation, then inter-cell TRP operation, and then handover to the additional PCI. If 2TA is configured, UE may establish TAs for tag-Id and tag-Id2 one after the other in intra-cell multi-TRP operation. And then for inter-cell multi-TRP operation, the TA of TRP3 needs to be established by updating the TA of tag-Id while keeping the TA of tag-Id2. In such a scenario, the fixed association between the additional RACH configuration and tag-Id2 cannot be held. The TAG needs to be indicated flexibly.
Proposal 8: for inter-cell PDCCH order, use the R bit in RAR to indicate TAG, i.e., same as intra-cell PDCCH order CFRA.

UE behaviour when MTTD is exceeded
One more issue discussed by both RAN4 and RAN2 is UE behaviour when MTTD between TRPs is exceed. In LTE and NR CA/DC, based on RAN4 specification, it is up to UE implementation to stop UL transmission on a cell (SpCell or SCell) if MTTD for two cells is exceeded. That means UE can stop UL transmission on any one of the two cells, or not stop. If RAN4 agrees that it is up to UE implementation to handle exceeded MTTD between TRPs, RAN2 does not need to discuss different cases for PTAG(s) or STAG(s). The only RAN2 impact might be to capture that UE considers the corresponding STAG is expired when UE stops UL transmission associated to a STAG due to MTTD is exceeded, similarly as what’s currently specified in MAC.
Proposal 9: If RAN4 agrees that it is up to UE implementation to handle exceeded MTTD between TRPs, RAN2 captures that UE considers the corresponding STAG is expired when UE stops UL transmission associated to a STAG due to MTTD is exceeded.

Conclusion
Based on the discussion, we have the following proposals.
Proposal 1: multi-TRP operation with 2TA is not applicable in RRC_INACTIVE.
Proposal 2: 2TA configuration for multi-TRP operation if stored/configured is released when initiating RRC resume/reestablishment.
Proposal 3: TAG indication in successRAR is not needed.
Proposal 4: for the 2-step RA triggered by SR for UL grant, RA is considered as completed if at least one PTAG is running and PDCCH addressed to the C-RNTI containing a UL grant for a new transmission is received.
Proposal 5: the R bit in fallbackRAR is used for TAG indication in 2-step CBRA.
Proposal 6: 2TAG configuration if configured for the target cell is applied in handover, only one TA is required for HO completion. 
Proposal 7: the R bit in fallbackRAR is used for TAG indication in 2-step CFRA.
Proposal 8: for inter-cell PDCCH order, use the R bit in RAR to indicate TAG, i.e., same as intra-cell PDCCH order CFRA.
Proposal 9: If RAN4 agrees that it is up to UE implementation to handle exceeded MTTD between TRPs, RAN2 captures that UE considers the corresponding STAG is expired when UE stops UL transmission associated to a STAG due to MTTD is exceeded.
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