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1. Introduction
In this contribution, we discuss issues of two TA operation and provide our views in the following paragraphs. In Rel-18 MIMO WID [1], 2TA operation has been approved to study and, if justified, specify. In previous meeting(s) [2] [3] [4], RAN1 has agreed to support 2TA operation, including intra- and inter-cell MTRP framework. RAN1 has also agreed 2TA operation is supported for both FR1 and FR2. Agreements from previous RAN1 meetings are shown in the followings. However, there are still some issues left to be technically debated and resolved. We discuss some issues and provide our opinions in below session(s).  
	RAN1 #109(e)
Agreement
Enhancement on two TAs for UL multi-DCI for multi-TRP operation is supported in Rel-18.
Note 1: whether (1) the network signals two TACs or (2) the network signals one TAC and the UE deriving the second TA can be further studied.
Note 2: evaluations can be considered on as-needed basis.

Agreement
Support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18.

Agreement
Enhancements on two TAs for UL multi-DCI for multi-TRP operation are applicable to both FR1 and FR2.

Agreement
Two TA enhancement for uplink multi-DCI based multi-TRP operation are applicable to at least:
· TDM based multi-DCI uplink transmission
· simultaneous multi-DCI uplink transmission (if simultaneous uplink multi-DCI uplink transmission is supported in Agenda 9.1.4.1)
· Note: Whether two TA enhancement is applicable to other schemes is a separate discussion, which is not in the scope of AI 9.1.1.2.

RAN1 #110
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 multi-DCI multi-TRP operation with two TAs, up to two n-TimingAdvanceOffset value per serving cell is supported.

RAN1 #110b(e)
Agreement
For multi-DCI multi-TRP operation with two TAs in a CC, two DL reference timings are supported where each DL reference timing is associated with one TAG
· baseline assumption is that the Rx timing difference between the two DL reference timings is no larger than CP length 
· as an optional UE capability, Rx timing difference between the two DL reference timings can be assumed to be larger than CP length
· FFS: the maximum Rx timing difference (could be up to RAN4)
· Other than UE capability details and relevant configuration, no additional RAN1 specification enhancement specific for this case is expected

Agreement
Multi-DCI multi-TRP operation with two TAs is supported for Rel-15/16/17 TCI frameworks and unified TCI framework extension discussed in 9.1.1.1 as well as UL beam indication via spatial relation.

Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support enhancements related to indicating TAG ID via absolute TA command:
· FFS: whether the indication is implicit or explicit
· Detailed indication schemes are FFS
· This does not preclude indication of two TAG IDs (if supported)
· Note: This applies at least to MSGB in case of C-RNTI
Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, it cannot always be assumed that both TRPs have knowledge of the overlapping region between transmissions corresponding to the two TAs.
· Note: This doesn’t prevent the network from applying scheduling restrictions even if the TRPs have no knowledge of the overlapping region




2. Discussion
Over previous RAN1 meetings, RAN1 has had intense debates on how to associate TA or TAG to UL channel or RS for 2TA operation. In order to support 2TA operation, UE is supposed to maintain two TA values at least for a serving cell at the same time. One critical issue is how UE determines which TA value to apply when transmitting an UL channel or RS. In previous RAN1 meetings, we have agreed the following agreement to support at least associating TA/TAG with joint/UL TCI state.  
	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



Associating TA/TAG with beam indication provides a flexible and compatible framework for determining and adjusting TA/TAG for UL channel/RS. Which TA value to apply for a PUSCH transmission occasion can be determined based on its indicated UL beam. However, in addition to joint/UL TCI, we should consider Rel-15/16 spatial relation as well, since we have already agreed that 2TA operation can be supported for both Rel-17/18 unified TCI and Rel-15/16 spatial relation. When considering spatial relation, both PUCCH spatial relation and SRS spatial relation should be taken cared. 
Proposal 1: For association of TA values with UL channels/RSs, support associating TAG with Rel-15/16 spatial relation
In RAN1#112, RAN1 also discussed that for a UE not supporting UL STxMP, how to deal with possible overlapping issue for two consecutive UL transmission with different TA values applied.  We have the following alternatives for down-selection. 
	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, down-select at least one of the following in RAN1#112bis-e:
· Alt 1:  Introducing a time gap X between two UL transmissions associated with two different TA values
· E.g., X symbols in the slot(s) corresponding to the two UL transmission remain unused
· FFS: How X is determined
· Alt 2:  Reduce the overlapping duration of one of the two UL transmissions
· Alt 3:  Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap
· Other alternatives are not precluded
TBD: how to capture the downselected alternative(s) in the specifications in case specification impact is deemed needed.



We support Alt 1, i.e., introducing a time gap. We have some concerns on Alt2 and Alt 3. Regarding Alt 2, there could be performance degradation issue when the reduced/dropped symbols contain DMRS. For Alt 3, we are not sure whether it can work since NW may not know the exact TA value applied at UE side. 
Proposal 2: For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, support Alt1: introducing a time gap X between two UL transmissions associated with two different TA values. 
In RAN1#110bis (e), there were a couple of agreements related to inter-cell M-TRP, which are shown as below.  
	Agreement
For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, support one of the alternatives (down selection to be done in RAN1#111):
· Alt 1: PDCCH scheduling RAR will always be received from serving cell => there is no need for additional type 1 CSS configuration per additional PCI
· Alt 2: In addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported  additional type 1 CSS configuration per additional PCI needs to be supported

Agreement
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, support PRACH configuration associated with additional configured PCIs different from the PCI of the serving cell.
· FFS: details

Agreement
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, support a mechanism to determine which PRACH configuration (i.e., RACH configuration corresponding to serving cell PCI or an additional PCI) to be used in the RACH procedure triggered by PDCCH order
· FFS:  Explicit indication or implicit indication through PDCCH order


As quoted above, RAN1 has already agreed to support PRACH configuration associated with additional configured PCIs different from the PCI of the serving cell. In addition, we agreed to support to indicate which PRACH configuration to be used for RA procedure triggered by PDCCH order. One remaining open issue is how to indicate that by PDCCH order. We suggest going with the simplest way, i.e., to explicitly indicate it in PDCCH order, given that there still some reserved bits in PDCCH order. Above discussions lead to the following proposals. 
Proposal 3: For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, explicit indication in PDCCH order is supported for determining which PRACH configuration to be used in the RACH procedure triggered by PDCCH order. 
Besides inter-cell M-TRP, we have the followings for intra-cell M-TRP. 
	Agreement
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 down-selected, then it does not preclude indication of two TAG IDs (if supported)


For this agreement, we do not think indicating TAG ID in RAR can work. It may involve NBC issue since legacy UE may have issue to decode a PDSCH containing RAR message. We prefer simple way and explicit indication. Therefore, we support Alt 2 to indicate TAG ID directly in PDCCH order. However, if implicitly way is preferred by the group, we can also accept Alt 7. Therefore, we propose the followings. 
Proposal 4: For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support either Alt 2 or Alt 7:  
· Alt 2: indicate TAG ID as part 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. 
In previous RAN1 meetings, RAN1 also discussed whether a PDCCH order intended for one TRP can be triggered by the other one TRP. Finally, we concluded that at least for inter-cell multi-DCI, cross-TRP PDCCH order can be supported. The related agreements are shown as below. 
	RAN1 #110b(e)
Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support one of the following alternatives in RAN1#111:
· Alt 1: PDCCH order sent by one TRP triggers RACH procedure towards the same TRP
· note: with Alt 1, PDCCH order sent by one TRP triggering RACH procedure towards another TRP is not allowed
· Alt 2: PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP
· This does not preclude PDCCH order triggering two RACH procedures for two TRPs

RAN1 #111
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.
· FFS: for intra-cell Multi-DCI
· FFS: whether there are any restrictions needed
· FFS: if cross TRP RACH triggering is an optional feature



From our perspective, given that we have agreed to support cross-TRP PDCCH order for inter-cell M-DCI case, there is no harm to further support intra-cell M-DCI case. First, it provides NW the scheduling flexibility. Second, it seems from the agreement for determining which TA/TAG is related to a RA procedure, cross-TRP PDCCH order for intra-cell M-DCI is naturally supported from some alternatives. Based on above reasons, we suggest the following. 
Proposal 5: For intra-cell multi-DCI, support PDCCH order sent by one TRP can trigger RACH procedure towards either the same TRP or a different TRP. 
3. Conclusion
According to the above discussion(s), we have the following proposal(s). 
Proposal 1: For association of TA values with UL channels/RSs, support associating TAG with Rel-15/16 spatial relation
Proposal 2: For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, support Alt1: introducing a time gap X between two UL transmissions associated with two different TA values. 
Proposal 3: For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, explicit indication in PDCCH order is supported for determining which PRACH configuration to be used in the RACH procedure triggered by PDCCH order. 
Proposal 4: For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support either Alt 2 or Alt 7:  
· Alt 2: indicate TAG ID as part 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. 
Proposal 5: For intra-cell multi-DCI, support PDCCH order sent by one TRP can trigger RACH procedure towards either the same TRP or a different TRP. 
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