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1 Introduction
Rel-18 MIMO evolution for downlink and uplink [1] will study and specify two TAs for multi-DCI for MTRP operation. In the last meeting, the following agreements have been achieved [2]. In this paper, we discuss the possible impacts of two TAs for multi-DCI.
	Agreement:
For multi-DCI based multi-TRP operation with two TAs, study how to handle overlapping part between two UL transmissions associated with two TAs, where the study includes:
· whether to introduce scheduling restriction in overlapping part
· whether to introduce dropping rules 
· whether specification impact is needed, or if the issue can be handled via implementation
· whether to allow overlapped transmission in case the UE supports STxMP transmission (if STxMP feature is agreed in NR Rel-18)
Agreement:
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.
Agreement:
For multi-DCI based multi-TRP operation with two TAs, study the impact of two TAs for the following:
· RACH triggered by PDCCH order in intra-cell MTRP case 
· RACH triggered by PDCCH order in inter-cell MTRP case
· Which might require RACH enhancement as well 
· UE triggered RACH by CBRA or CFRA in RRC connected mode
Further details of enhancements needed (if any)
Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, downselect one of the options in RAN1#110bis-e:
· Option 1: Associate TAG to TCI-state/spatial relation
· Option 2: Associate TAG to CORESETPoolIndex
· Option 3: Associate TAG to DL RS group. For a UL transmission, UE adopts the TAG associated with the DL RS group to which the PL RS of the UL transmission belongs.
· Option 4: Associate TAG to target UL channels/RSs directly for semi-static UL channels/RSs (e.g. P CSI PUCCH, P SRS, CG PUSCH), and further discuss how to associate TAG to dynamic UL channels/RSs(e.g. via associating TAG to CORESETPoolIndex additionally, etc.)
Agreement
For multi-DCI multi-TRP operation with two TAs, up to two n-TimingAdvanceOffset value per serving cell is supported.



2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 Discussion on signaling of two TAs
After the discussions during RAN1 110 [2], there are still some issues not clear about the two TAs for multi-DCI multi-TRP operation from the signalling perspective.
1. the network signals two TACs or the network signals one TAC and the UE deriving the second TA;
2. one or two reference timing(s);
3. one or two time alignment timer(s).
Since in one TAG the same timing reference cell and the same Timing Advance value is assumed, and two TAGs can be configured for one serving cell according to the last agreements, the above issues can be treated as solved since:
1. one TAC can be indicated for one TAG, in addition, an enhanced MAC CE can be considered to indicate two TACs for two TAGs in one MAC CE;
2. one reference timing is assumed for one TAG, in addition, two reference timing can be assumed within a CP which does not impact the DL reception;
3. one time alignment timer is assumed for one TAG.
Based on above discussions, we have the following observation and proposals.
Observation 1: Supporting two TAGs for one serving cell naturally means that the network signals two TA commands, two reference timings are assumed, two time alignment timers are maintained, one for each TAG respectively.
Proposal 1: Support using one MAC CE to indicate two TA commands for two TAGs for a serving cell.
Proposal 2: Support that two reference timings of the two TAGs for a serving cell are within a CP.
Furthermore, since two TAs are only supported for UL multi-DCI multi-TRP operation, and MTRP operation is per BWP, the additional TAG should not apply for those BWPs not configured with the target MTRP mode. From configuration perspective, the additional TAG ID can be provided within UL BWP configuration for those BWPs operating in UL multi-DCI multi-TRP mode.
Proposal 3: Support to configure the additional TAG ID only in the BWP for UL multi-DCI multi-TRP.

2.2 Discussion on associating TAGs to TRPs
[bookmark: _GoBack]Associations between TAGs and TRPs are needed to adjust transmit timing for UL channels/RSs to respective TRPs. In RAN1 110 [2] four options of associations are listed for down-selection. Considering the application scenario of two TAs for UL multi-DCI multi-TRP, associating the additional TAG to the beams towards the second TRP is preferred, which can be done via the Option 1 below, at least for the case the UL channels/RSs are configured/activated with active TCI states or spatial relations. For those UL channels/RSs are not provided explicit TCI state/spatial relation, default UL beam assumptions (therefore default TCI state/spatial relation) from previous releases can be reused.
	· Option 1: Associate TAG to TCI-state/spatial relation


Meanwhile, unified TCI state will be enhanced for MTRP case, and unified TCI state update can provide the needed information for applied TA switching.
Proposal 4: Support Option 1 to associate TAG to TCI-state/spatial relation.
2.3 Discussion on overlapping handling
When two TAs are introduced for UL transmissions, some procedures may need to consider the impact of TA switching. For example, if multiple TAs are applied in an alternating way for PUSCH repetition as shown below, the possible overlapping may need to be solved. To be more specific, if the transmission with a larger applied TA value is in the later one of consecutive slots, the start of it may be overlapped in time with the end of the UL transmissions with a smaller applied TA. At least for UE not capable to transmit simultaneously to two TRPs, it may cause dropping of the second transmission. To avoid this overlapping, a time gap between two PUSCH transmission occasions can be reserved and the length of the gap should be larger than |TTA,2 - TTA,1|.
[image: ]
Figure 1 illustration of possible overlapping
Observation 2: There might be overlapping issue if multiple TAs are applied in consecutive slots.
Proposal 5: Support a time gap between consecutive PUSCH transmission occasions applying different TAs.
TA value switching may also be needed in BFR procedure. In MTRP case, q(0,0) and q(0,1) are two BFD-RS sets for two TRPs respectively, q(1,0) and q(1,1) are two CBD-RS sets for two TRPs respectively, q(0,0) is associated with q(1,0), q(0,1) is associated with q(1,1). According to aforementioned associations between TAGs and TRPs, the associations can be extended to TAGs, BFD-RS sets, CBD-RS sets, as in the table below.
Table 1 associations between TAs, TRPs, BFD-RS sets, CBD-RS sets
	TAG1
	
	TRP1
	BFD-RS set q(0,0)
	CBD-RS set q(1,0)

	TAG2
	
	TRP2
	BFD-RS set q(0,1)
	CBD-RS set q(1,1)


If UE assesses that TRP 1 link is worse than BFD threshold, it may temperately stop TAG 1 time alignment timer and stop the application of TTA,1. Meanwhile, if UE finds the available new beam qnew, TA value associated with qnew can be assumed for transmission of BFRQ. After gNB’s response to BFRQ, TA value associated with qnew can be assumed for the follow-up UL transmissions including PUCCH and PUSCH.

[image: ]
Figure 2 illustration of BFR and TA switching
Proposal 6: For MTRP BFR, support the application of TA value associated with qnew for UL transmissions after BFD.


3 Conclusion
In this contribution, we provided our views on two TAs for multi-DCI, and we have the following observations and proposals:
Observation 1: Supporting two TAGs for one serving cell naturally means that the network signals two TA commands, two reference timings are assumed, two time alignment timers are maintained, one for each TAG respectively.
Proposal 1: Support using one MAC CE to indicate two TA commands for two TAGs for a serving cell.
Proposal 2: Support that two reference timings of the two TAGs for a serving cell are within a CP.
Proposal 3: Support to configure the additional TAG ID only in the BWP for UL multi-DCI multi-TRP.
Proposal 4: Support Option 1 to associate TAG to TCI-state/spatial relation.
Observation 2: There might be overlapping issue if multiple TAs are applied in consecutive slots.
Proposal 5: Support a time gap between consecutive PUSCH transmission occasions applying different TAs.
Proposal 6: For MTRP BFR, support the application of TA value associated with qnew for UL transmissions after BFD.
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