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1. Introduction
In previous meetings, following agreements were made for two TAs in M-DCI M-TRP [1][2]. 
	Agreement
For intercell multi-DCI based Multi-TRP operation with two TA enhancement, support indication of which PRACH configuration to be used in the RACH procedure in the PDCCH order.
· FFS: Whether additionalPCI or a generic identifier is indicated in PDCCH order
· FFS: The detail of the indication in PDCCH order in terms of whether to support PRACH triggered for inactive additionalPCI.

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
Agreement
For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, down-select one of the following alternatives:
· 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.

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.


In this contribution, we discuss enhancements on two TAs for UL transmission for M-DCI M-TRP operation.
2. Discussion 
2.1 Enhancement related to two TAGs
Considering two TAGs can be configured for a serving cell, some issues related to TAG need to be further studied. In legacy procedure, a TAG containing SpCell is referred as PTAG, whereas other TAGs are referred as STAG. UE behavior is defined respectively for the case when timeAlignmentTimer of a PTAG or a STAG expires as below.
	3GPP TS 38.321 V17.1.0 (2022-06)
5.2	Maintenance of Uplink Time Alignment
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.


If two TRPs of a serving cell are configured in two TAGs, for SpCell whether two TAGs are referred as PTAG or one of them is referred as STAG needs to be discussed. Furthermore, considering the case when timeAlignmentTimer of one of the TRPs of a serving cell expires and UE may still be synchronized with the other TRP, UE behavior when timeAlignmentTimer of one of the TRPs of a serving cell expires needs to be discussed. For these issues, since per TRP TA is supported for both intra-cell M-TRP and inter-cell M-TRP, both intra-cell M-TRP and inter-cell M-TRP need to be considered. For inter-cell M-TRP, since non-UE-dedicated signaling can only be received from serving cell TRP, whether a TRP is a serving cell TRP or a non-serving cell TRP needs to be considered. Considering that these UE behavior is defined in RAN2 spec., details of these issues can be discussed in RAN2.
Proposal 1: 
· If two TRPs of a serving cell are configured in two TAGs, for SpCell whether two TAGs are referred as PTAG or one of them is referred as STAG needs to be studied. Details can be discussed in RAN2.
· If two TRPs of a serving cell are configured in two TAGs, UE behavior when timeAlignmentTimer of one of the TRPs of a serving cell expires needs to be studied, for both intra-cell and inter-cell M-TRP scenarios. Details can be discussed in RAN2.

2.2 Enhancement related to RACH
For intra-cell M-TRP, it was agreed in the last meeting to down-select from the following options on how to associate TAC in RAR and TAG.
· 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.
In Alt.1, the reserved bit in RAR can be used, and a benefit of Alt.1 is that it can be applied to both RACH triggered by UE and RACH triggered by PDCCH order. In Alt.2, a reserved bit in PDCCH order can be used. With Alt.2, how to apply the TAC in RAR in case of RACH triggered by UE needs to be further studied. In Alt.3, SSBs are divided into two groups for two TRPs. From our perspective, the mapping between SSBs and TRPs can be transparent to UE. Moreover, Alt.3 is not complete. Besides SSBs, RACH resources can be associated with CSI-RSs, thus, CSI-RSs also need to be divided into two groups. Therefore, Alt.3 is not preferred. 
Proposal 2: 
· For intra-cell M-TRP, for association between TAC in RAR and TAG, support Alt.1 or Alt.2.
· Alt.1: indicate TAG ID as part of TAC in RAR. The reserved bit in RAR can be used.
· Alt.2: indicate TAG ID as part of PDCCH order. A reserved bit in PDCCH order can be used.
For inter-cell M-TRP, RACH configuration for non-serving cell was supported. It was agreed to support indication of which PRACH configuration to be used in the RACH procedure in the PDCCH order. For inter-cell M-TRP, up to 7 additional PCIs can be configured but only 1 addition PCI can be associated with activated TCI state. RACH procedure may only need to be triggered to the non-serving cell associated with activated TCI state to derive TA for the activated non-serving cell. Thus, using 1 reserved bit in PDCCH order can be sufficient.
Once whether the RACH procedure is triggered to serving cell or non-serving cell is indicated in PDCCH order, RACH configuration of the indicated cell is utilized and TAC in RAR is applied to TAG of the indicated cell.
Proposal 3: 
· For inter-cell M-TRP, one reserved bit in PDCCH order is used to indicate whether the RACH procedure is triggered to serving cell or the non-serving cell associated with activated TCI.
· RACH configuration of the indicated cell is utilized.
· TAC in RAR is applied to TAG of the indicated cell.
In legacy procedure, for CFRA triggered by PDCCH order for SpCell, UE may assume the PDCCH for RAR and PDCCH order have the same DMRS QCL properties. For CFRA triggered by PDCCH order for SCell, UE may assume QCL of CORESET associated with Type1-CSS for receiving PDCCH for RAR. 
	TS 38.213
If the UE attempts to detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI in response to a PRACH transmission initiated by a PDCCH order that triggers a contention-free random access procedure for the SpCell [11, TS 38.321], the UE may assume that the PDCCH that includes the DCI format 1_0 and the PDCCH order have same DM-RS antenna port quasi co-location properties. If the UE attempts to detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI in response to a PRACH transmission initiated by a PDCCH order that triggers a contention-free random access procedure for a secondary cell, the UE may assume the DM-RS antenna port quasi co-location properties of the CORESET associated with the Type1-PDCCH CSS set for receiving the PDCCH that includes the DCI format 1_0.


In inter-cell M-TRP, for CFRA triggered by PDCCH order for non-serving cell, similar as SCell, the RAR can be received from SpCell. Thus, for CFRA triggered by PDCCH order for non-serving cell, UE shall assume QCL of CORESET associated with Type1-CSS for receiving PDCCH for RAR. In intra-cell/inter-cell M-TRP, for CFRA triggered by PDCCH order for SpCell, since it is agreed that PDCCH order can trigger RACH to same or different TRP, PDCCH order and PDCCH for RAR may be transmitted from same or different TRP. Thus, UE cannot always assume PDCCH order and PDCCH for RAR have same QCL properties as in legacy rule. Following options can be considered for QCL assumption of PDCCH for RAR in CFRA triggered by PDCCH order for SpCell in intra-/inter-cell M-TRP.
· Option1: UE assumes QCL of CORESET associated with Type1-CSS for receiving PDCCH for RAR
· Option2: UE assumes PDCCH for RAR and PDCCH order have same QCL when PDCCH order and PDCCH for RAR are associated with same TRP (same CORESETPoolIndex), otherwise, UE assumes QCL of CORESET associated with Type1-CSS for receiving PDCCH for RAR
Between the two options, option2 is preferred. With option2, at least when PDCCH order and PDCCH for RAR are transmitted from the same TRP, the QCL of PDCCH order can be assumed for receiving RAR.
Proposal 4: 
· In inter-cell M-TRP, for CFRA triggered by PDCCH order for non-serving cell, RAR is received from SpCell and UE assumes QCL of CORESET associated with Type1-CSS for receiving PDCCH for RAR
Proposal 5: 
· In intra-cell/inter-cell M-TRP, for CFRA triggered by PDCCH order for SpCell, UE assumes PDCCH for RAR and PDCCH order have same QCL when PDCCH order and PDCCH for RAR are associated with the same TRP (the same CORESETPoolIndex), otherwise, UE assumes QCL of CORESET associated with Type1-CSS for receiving PDCCH for RAR.

2.3 Association between TAG and UL channel/RS
For associating TAGs to target UL channels/signals, it was agreed for unified TCI framework TAG ID is associated with UL/joint TCI state, and for UL transmission the TAG ID associated with the UL/joint TCI state is utilized. The association between TAGs and UL transmission in Rel-15/16 spatial relation framework needs further discussion. 
From our perspective, given that it was agreed for unified TCI framework TAG ID is associated with unified TCI, same method can be used for Rel-15/16 spatial relation framework, i.e., associate TAG ID with pucch-spatialRelationInfo and SRS-spatialRelationInfo. For PUCCH/SRS transmission, the TAG ID associated with the pucch-spatialRelationInfo/SRS-spatialRelationInfo is utilized. For PUSCH transmission, the TAG ID associated with the SRS-spatialRelationInfo of the SRS indicated by SRI is utilized.
A discussion point in previous meetings for associating TAGs with spatial relations is that spatial relations are not provided for UL Tx in FR1. In our understanding, if pucch-spatialRelationInfo or SRS-spatialRelationInfo is provided in FR1, it is only used to determine the association between UL Tx and TAG and is not used to indicate spatial setting for UL Tx.
Proposal 6:
· For associating TAGs to target UL channels/signals when Rel-15/16 spatial relation framework is used, TAG ID is associated with pucch-spatialRelationInfo or SRS-spatialRelationInfo.
· For PUCCH/SRS transmission, the TAG ID associated with the pucch-spatialRelationInfo/SRS-spatialRelationInfo is utilized. 
· For PUSCH transmission, the TAG ID associated with the SRS-spatialRelationInfo of the SRS indicated by SRI is utilized.

2.4 Overlapping between UL Tx with different TAs
To deal with overlapping between two UL transmissions associated with different TAs, it was agreed to down-select from the following options.
· Alt 1:  Introducing a time gap X between two UL transmissions associated with two different TA values
· 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
Both Alt.1 and Alt.3 introduce scheduling restriction. It was concluded that a TRP may not have knowledge of the overlapping region between two TAs. To satisfy the scheduling restriction, a TRP shall always assume the maximum value of overlapping region to avoid potential overlapping. In addition, in case of non-ideal backhaul, a TRP may not be aware of dynamic scheduling of the other TRP, thus, to satisfy the scheduling restriction a TRP shall always assume an UL Tx from the other TRP exists before or after its UL Tx to avoid potential overlapping.  Thus, such scheduling restriction may cause some waste of resources. 
Alt.2 is preferred considering it allows TRPs to have more flexibility on how to handle the overlapping.
Proposal 7:
· Support Alt.2 when two UL transmissions associated with different TAs overlap.
· Alt 2:  Reduce the overlapping duration of one of the two UL transmissions.


3. Conclusion
In this contribution, we discussed enhancements on two TAs for UL for M-DCI M-TRP operation. Based on the discussion, we made following proposals.
Proposal 1: 
· If two TRPs of a serving cell are configured in two TAGs, for SpCell whether two TAGs are referred as PTAG or one of them is referred as STAG needs to be studied. Details can be discussed in RAN2.
· If two TRPs of a serving cell are configured in two TAGs, UE behavior when timeAlignmentTimer of one of the TRPs of a serving cell expires needs to be studied, for both intra-cell and inter-cell M-TRP scenarios. Details can be discussed in RAN2.
Proposal 2: 
· For intra-cell M-TRP, for association between TAC in RAR and TAG, support Alt.1 or Alt.2.
· Alt.1: indicate TAG ID as part of TAC in RAR. The reserved bit in RAR can be used.
· Alt.2: indicate TAG ID as part of PDCCH order. A reserved bit in PDCCH order can be used.
Proposal 3: 
· For inter-cell M-TRP, one reserved bit in PDCCH order is used to indicate whether the RACH procedure is triggered to serving cell or the non-serving cell associated with activated TCI.
· RACH configuration of the indicated cell is utilized.
· TAC in RAR is applied to TAG of the indicated cell.
Proposal 4: 
· In inter-cell M-TRP, for CFRA triggered by PDCCH order for non-serving cell, RAR is received from SpCell and UE assumes QCL of CORESET associated with Type1-CSS for receiving PDCCH for RAR
Proposal 5: 
· In intra-cell/inter-cell M-TRP, for CFRA triggered by PDCCH order for SpCell, UE assumes PDCCH for RAR and PDCCH order have same QCL when PDCCH order and PDCCH for RAR are associated with the same TRP (the same CORESETPoolIndex), otherwise, UE assumes QCL of CORESET associated with Type1-CSS for receiving PDCCH for RAR.
Proposal 6:
· For associating TAGs to target UL channels/signals when Rel-15/16 spatial relation framework is used, TAG ID is associated with pucch-spatialRelationInfo or SRS-spatialRelationInfo.
· For PUCCH/SRS transmission, the TAG ID associated with the pucch-spatialRelationInfo/SRS-spatialRelationInfo is utilized. 
· For PUSCH transmission, the TAG ID associated with the SRS-spatialRelationInfo of the SRS indicated by SRI is utilized.
Proposal 7:
· Support Alt.2 when two UL transmissions associated with different TAs overlap.
· Alt 2:  Reduce the overlapping duration of one of the two UL transmissions.
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