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1. Introduction
In [1], a WID on MIMO evolution was approved. One of the objectives with RAN2 impact is the following:
	Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.



RAN1 have already made a number of agreements on 2 TAs for UL multi-DCI for multi-TRP operation. In this contribution, we discuss the RAN2 impacts of 2 TAs for UL mTRP multi-DCI operation taking into account RAN1 agreements.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
In Rel-16, in multi-DCI multi-TRP operation, the UE uses the same TA for both TRPs. In Rel-17, Inter-Cell Beam Management (ICBM) was introduced in which the UE is configured with additional PCIs and transmission can switch between the serving cell TRP and a TRP associated with an additional PCI, while using the same TA for UL. Rel-18 will allow multi-DCI multi-TRP operation using TRP associated with an additional PCI as well as using 2 different TAs for different TRPs.
2.1 TA acquisition for 2 TAs
RAN1 agreed that 2 TA acquisition is done by CFRA triggered by PDCCH order.
2.1.1 UE-initiated CBRA 
RAN1 made the following agreements:
	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support CFRA triggered by PDCCH order for both intra-cell and inter-cell cases.
Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP at least for inter-cell Multi-DCI.

Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, there is no consensus to support enhancements for CBRA triggered by PDCCH order.


RAN1 also sent an LS leaving it up to RAN2 to decide whether or not to have UE-initiated CBRA for mTRP over RRC_CONNECTED state. Currently, the use cases for UE-initiated CBRA for intra-cell case, as listed in TS 38.300 [3] are: 
-	UL data arrival, during RRC_CONNECTED, when UL synchronisation status is "non-synchronised";
-	UL data arrival, during RRC_CONNECTED, when there are no PUCCH resources for SR available;
-	Beam failure recovery;
-	Positioning in RRC_CONNECTED requiring random access procedure, e.g. when timing advance is needed for UE positioning.
The UE can initiate CBRA on the serving PCI for all RA events. Allowing RACH on additional PCI would bring more resource overhead (e.g. separate RA search space) on additional PCI while RA to the serving PCI can still be used.
In multi-DCI multi-TRP operation, for UL data arrival, the UE initiates CBRA on the serving PCI.
Currently, parallel RACH is not supported, i.e. if a new RA is triggered, the UE either stops the ongoing RA procedure and starts a new RA procedure or continues the ongoing RA procedure as captured below [4]. 
	NOTE 1:	If a new Random Access procedure is triggered while another is already ongoing in the MAC entity, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure (e.g. for SI request).


This should be also applicable to RA on mTRP if both RA procedure are triggered on both serving PCI and additional PCI.
In multi-DCI multi-TRP operation, parallel RACH on different TRPs is not supported.
2.1.2 RACH configuration
RAN1 agreed to have an additional RACH configuration for inter-cell mTRP:
	Agreement
Confirm the following working assumption:
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, one additional PRACH configuration is supported for each configured additional PCI
· the additional PRACH configuration is used in a RACH procedure triggered by a PDCCH order for the corresponding configured additional PCI 



For intra-cell mTRP, RAN1 is considering several options for letting the UE know for which TAG the TA command in MSG2 and MSGB is:
	Agreement (RAN1 #110bis-e)
For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support at least one of the following alternatives (down selection to be done in RAN1#111):
· Alt 1:  indicate TAG ID as part of TA command in RAR
· Alt 2:  indicate TAG ID as part of PDCCH order
· Alt 3:  divide SSBs into two groups, one for each TRP.  If a SSB associated to a RACH procedure belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP.
· Alt 4:  divide RACH resources into two groups, where for a RACH procedure, if the corresponding RACH resource belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP.
· Alt 5:  divide preambles into two groups, where for a RACH procedure, if the corresponding preamble belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP
· Alt 6:   TAG ID is associated with CORESETPoolIndex and TAG ID is determined based on the CORESETPoolIndex of PDCCH order
· Alt 7:  Each TCI state is associated with a TAG ID, and the TAG ID corresponding to RACH triggered by a PDCCH order is determined based on the TCI state used to receive the PDCCH order
Note: If Alt 1 or Alt 2 is downselected, then it does not preclude indication of two TAG IDs (if supported))



Therefore, RAN2 can start work on RACH configuration for inter-cell multi-DCI multi-TRP operation but it seems difficult for RAN2 to start work on RACH configuration for 2 TA in intra-cell multi-DCI multi-TRP operation.
For intra-cell multi-DCI based Multi-TRP operation, RAN2 waits for RAN1 progress before discussing RACH impact for 2 TA.
2.2 TAG
In Rel-17, a TAG contains multiple serving cells that use the same TA. RAN1 agreed to have two TAGs configured for the same serving cell and associate those two TAGs with different TCI states as shown below:
	Agreement
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.

Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
Associate TAG to TCI-state
· Associate TAG ID with UL/joint TCI state 
· For UL transmission, the TAG ID associated with the UL/joint TCI state is utilized
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG
· Working Assumption: A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs
FFS: on how to handle association when Rel-15/16 spatial relation framework is used for
· PUCCH
· DG/CG Type 1/Type 2 PUSCH
· AP/SP/P SRS



In current specifications, a serving cell belongs to a TAG so RAN1 agreement that two TAGs can belong to the serving cell seems not to be aligned with that. However, RAN1 also mentioned association of a TAG ID with each UL/joint TCI state. Therefore, we understand that the intention is that a serving cell can be associated with two TAGs and UL/joint TCI states of this serving cell will be associated with one of the two TAGs.
RAN2 assumes that a serving cell can be associated with two TAGs and each UL/joint TCI state of the serving cell belongs to either TAG associated with the serving cell. 

Currently the UE will report UE capability on maximum TAG number in CA-ParametersNR to network as shown below [5]:
	CA-ParametersNR ::=                 SEQUENCE {
    dummy                                         ENUMERATED {supported}      OPTIONAL,
    parallelTxSRS-PUCCH-PUSCH                     ENUMERATED {supported}      OPTIONAL,
    parallelTxPRACH-SRS-PUCCH-PUSCH               ENUMERATED {supported}      OPTIONAL,
    simultaneousRxTxInterBandCA                   ENUMERATED {supported}      OPTIONAL,
    simultaneousRxTxSUL                           ENUMERATED {supported}      OPTIONAL,
    diffNumerologyAcrossPUCCH-Group               ENUMERATED {supported}      OPTIONAL,
    diffNumerologyWithinPUCCH-GroupSmallerSCS     ENUMERATED {supported}      OPTIONAL,
    supportedNumberTAG                            ENUMERATED {n2, n3, n4}     OPTIONAL,
    ...
}



The need to use different TAs for operation with different serving cells/TRPs comes from the different physical location or frequency ranges used by these serving cells/TRPs. In Rel-17, the UE can be configured with 32 serving cells but it was considered that only 4 TAGs are sufficient for all of them, i.e. it is assumed that this is sufficient for the diversity of physical location and frequency ranges. For multi-DCI multi-TRP operation, it is expected that the network deployments will not be modified so the same diversity of physical location and frequency range will exist and 4 TAGs should also be sufficient. 
In Rel-18, the maximum number of TAGs is the same like in Rel-17, including when multi-DCI multi-TRP operation is used. 
2.4 TAT
According to TS 38.321[4], the TAT is maintained per TAG (e.g. sTAG or pTAG) and when the TAT expires, the UE behaviours are different between sTAG and pTAG:
	[bookmark: _Toc29239826][bookmark: _Toc37296185][bookmark: _Toc46490311][bookmark: _Toc52752006][bookmark: _Toc52796468][bookmark: _Toc124525393]5.2	Maintenance of Uplink Time Alignment
RRC configures the following parameters for the maintenance of UL time alignment:
-	timeAlignmentTimer (per TAG) which controls how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned;
[skip]
1>	when a timeAlignmentTimer expires:
2>	if the timeAlignmentTimer is associated with the PTAG:
3>	flush all HARQ buffers for all Serving Cells;
3>	notify RRC to release PUCCH for all Serving Cells, if configured;
3>	notify RRC to release SRS for all Serving Cells, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	consider all running timeAlignmentTimers as expired;
3>	maintain NTA (defined in TS 38.211 [8]) of all TAGs.
2>	else if the timeAlignmentTimer is associated with an STAG, then for all Serving Cells belonging to this TAG:
3>	flush all HARQ buffers;
3>	notify RRC to release PUCCH, if configured;
3>	notify RRC to release SRS, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	maintain NTA (defined in TS 38.211 [8]) of this TAG.




RAN2 should discuss the handling of HARQ buffers and UL channels/signals (PUCCH, SRS, CG, SPS and SP-CSI over PUSCH) and DL SPS on a serving cell when either or both associated TATs expire. 
-	HARQ buffers should be maintained per serving cell and there is no need to flush it if only one associated TAT expires, i.e. network can trigger the retransmission for UL data through another associated TAG with TAT is running. On the other hand, the HARQ buffer should be flushed if both associated TATs expire. If this is for the PCell, it also applies for all the serving cells.
-	If UL channels/signals and DL SPS are configured per TRP, in case one of the two TATs associated with the serving cell expires, the UE should only release resource or configuration associated with this TAT, i.e. the UE can still transmit the UL channels/signals and receive the DL SPS via the other TRP.
HARQ buffers are not flushed on a serving cell until both associated TATs expire. If this is PCell for mTRP, HARQ buffers are flushed for all serving cells if both associated TATs expire.
Discuss the UE behaviour regarding UL channels/signals and DL SPS on a serving cell when either or both associated TATs expire.
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[bookmark: OLE_LINK7]Based on the discussion in this paper, we propose the following:
1. In multi-DCI multi-TRP operation, for UL data arrival, the UE initiates CBRA on the serving PCI.
In multi-DCI multi-TRP operation, parallel RACH on different TRPs is not supported.
For intra-cell multi-DCI based Multi-TRP operation, RAN2 waits for RAN1 progress before discussing RACH impact for 2 TA.
RAN2 assumes that a serving cell can be associated with two TAGs and each UL/joint TCI state of the serving cell belongs to either TAG associated with the serving cell. 
In Rel-18, the maximum number of TAGs is the same like in Rel-17, including when multi-DCI multi-TRP operation is used. 
HARQ buffers are not flushed on a serving cell until both associated TATs expire. If this is PCell for mTRP, HARQ buffers are flushed for all serving cells if both associated TATs expire.
Discuss the UE behaviour regarding UL channels/signals and DL SPS on a serving cell when either or both associated TATs expire.
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