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1. Introduction
[bookmark: OLE_LINK641][bookmark: OLE_LINK642][bookmark: OLE_LINK643]One liaison from RAN1 asked RAN2 to work on Multi-DCI Multi-TRP operation with two TAs [1]:
	In Rel-18 discussions on MIMO Evolution for Downlink and Uplink, RAN1 has agreed to support multi-DCI multi-TRP operation with two TAs.  The following has been agreed/concluded in RAN1: 
Agreement
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.
Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, it is up to RAN2 to decide whether there is a need to enhance CBRA procedure to support per TRP UE-initiated RACH procedure.
2.  Actions
To RAN WG2
ACTION: RAN1 would like to kindly ask RAN2 to take the above agreements/conclusions into account in their future work related to two TAs for multi-DCI multi-TRP operation, and notify RAN1 of any RAN2 decisions on per TRP UE-initiated RACH procedure that require RAN1 involvement.



This contribution will discuss the following aspects for Multi-DCI Multi-TRP operation with two TAs and provide some proposals, taking RAN1 agreement/conclusion into account:
· Two TAGs per serving cell
· Per TRP UE-initiated RACH procedure

2. Discussion
2.1 Two TAGs per serving cell 
TAG management
RAN1 agreed to support configuring two TAGs belonging to a serving cell. 
The definition for Timing Advance Group is captured in the MAC specification [2]:
	Timing Advance Group: A group of Serving Cells that is configured by RRC and that, for the cells with a UL configured, using the same timing reference cell and the same Timing Advance value. A Timing Advance Group containing the SpCell of a MAC entity is referred to as Primary Timing Advance Group (PTAG), whereas the term Secondary Timing Advance Group (STAG) refers to other TAGs.


According to the current definition of TAG, there could be two primary TAGs per MAC entity if an SpCell is configured with two TAGs. 
Observation 1: According to the current definition of TAG, the UE may manage at most two Primary TAGs per MAC entity, if two TAGs are configured to the SpCell.
Although two PTAGs per MAC entity are aligned with the definition of TAG, some issues can be observed. For example, PTAG has TAG ID 0 in the existing TAC MAC CE. If there are two PTAGs, the UE cannot determine which PTAG should apply the TA value according to the TAG ID. 
If one of the two TAGs associated with SpCell is considered as PTAG, some modifications to the definition of TAG are required and the mechanism to determine PTAG needs to be discussed. In this case, there are two TAGs associated to SpCell, including one PTAG and one STAG. 
[bookmark: OLE_LINK4]Proposal 1: RAN2 to discuss whether to support at most one or two Primary TAGs per MAC entity.
TA timer handling
Currently, timeAlignmentTimer is used to control how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned and the TA timer is maintained per TAG, as shown in Figure 1 below.


Figure 1: Example for TA timer per TAG
For multi-DCI multi-TRP operation with two TAs, the existing mechanism can be reused for the maintenance of UL time alignment. However, the following issues are observed for the existing mechanism on TA timer handling:
· A TAC MAC CE including TAG ID can start or restart the corresponding TA timer for the TAG; but the TAG ID is not included in the RAR or MSGB so that the UE cannot determine which TA timer (TA timer 1 or TA timer 2 in above figure) associated to the SpCell should be started or restarted;
· UL configuration for all serving cells will be released if TA timer associated with PTAG expires; in case of multi-DCI multi-TRP operation with two TAs, the UE behavior is not clear when TA timer associated with one of PTAGs expires, e.g. TA timer 1 expires while TA timer 2 is running. This issue is also related to conclusion of Proposal 1;
· UL configuration for all serving cells will be released in an STAG if associated TA timer expires; in case of multi-DCI multi-TRP operation with two TAs, the UE behavior is not clear if two TA timers are associated with an SCell (e.g. TA timer 1 and TA timer 3 in above figure).
Observation 2: There are some issues for the existing mechanism on TA timer handling, including 1) TA timer start/restart considering TAG ID is not included in the RAR or MSGB; 2) UE behavior is not clear when one of TA timers associated to PTAG/STAG expires.
Based on these, it seems that the existing mechanism to handle TA timer per TAG is not applicable for multi-DCI multi-TRP operation with two TAs. Some enhancements to the existing mechanism to handle TA timer per TAG or a mechanism to handle TA timer per serving cell can be considered. If TA timer is handled per serving cell, the UE behavior applies to the serving cell when the TA timer associated to the serving cell expires. The TA timers associated to all serving cells in the indicated TAG will be started or restarted when the TA Command MAC CE including TAG ID is received. With this method, there is no need to include or associate the TAG ID in the RAR or MSGB and the TA timer associated to the SpCell is started or restarted upon receiving the RAR or MSGB.
Proposal 2: For multi-DCI multi-TRP operation with two TAs, RAN2 should discuss how to handle TA timer, considering:
· Option 1: TA timer per TAG (i.e. existing mechanism) with some enhancements
· Option 2: TA timer per serving cell
If Option 1 is supported, one possibility is that existing UE behavior applies when both TA timers associated with SpCell expire, i.e. at most two pTAGs per MAC entity are supported. The next question is whether new UE behavior is introduced for the corresponding TRP when one TA timer for a cell expires.
2.2 Per TRP UE-initiated RACH procedure 
In the LS, RAN1 considers that it is up to RAN2 to decide whether there is a need to enhance CBRA procedure to support per TRP UE-initiated RACH procedure for multi-DCI based Multi-TRP operation with two TA enhancement.
First, currently, RA procedure can be initiated by the UE when UL is not synchronized and there is UL data arrival. So, the trigger for UE initiated RACH procedure can be reused without any enhancement. In this case, the issue is whether per TRP or existing per cell RACH procedure is initiated when both TA timers associated to the cell expire. One method is to initiate RACH procedure according to current mechanism first and then the network can trigger per TRP RACH procedure by PDCCH order if needed. With this, the handling of TA timer can be complicated. For example, it is required to discuss which TA timer is restarted when TA value is received in the UE initiated RACH procedure, as shown in Figure 2.


Figure 2: Potential issue if no UE initiated RACH procedure
Proposal 3: For multi-DCI based Multi-TRP operation with two TAs, RAN2 to discuss if per TRP UE-initiated RACH procedure is needed.
Proposal 3bis: If per TRP UE-initiated RACH procedure is not supported, RAN2 to further discuss which TA timer is restarted when TAC is received in RAR.
Second, for RA procedure initialization, the MAC entity needs to perform carrier selection if no explicit indication is provided and set the RA type. According to existing mechanism, the RSRP of the DL pathloss reference is compared to a configured threshold. If per TRP RA procedure is supported, it requires to configure at most two thresholds to determine UL carrier and at most two thresholds to determine RA type. For BWP operation, whether enhancement is needed can depend on the support of TRP specific configuration of PRACH occasions. For example, if BWP1 is configured with PRACH occasions for TRP1 while BWP1 is not configured with PRACH occasions for TRP2 and BWP1 is active UL BWP, BWP switching is needed for RA procedure over TRP2. In this case, enhancement is needed and thus the UE performs BWP switching even if active UL BWP for the serving cell is configured with PRACH occasions. However, these enhancements are not specific to UE initiated RA procedure except for RA type determination and they are also required for PDCCH-order triggered per TRP RACH procedure.
Last, for RA resource selection, DL RS including SSB and CSI-RS should be associated to TRP and thus the UE can select corresponding DL RS for the TRP in order to perform per TRP RA procedure.


Figure 3: potential enhancements to per TRP UE-initiated RA procedure
Based on these, no additional enhancement except possible TRP specific configuration is needed if per TRP UE-initiated RACH procedure is supported.
Proposal 4: For multi-DCI based Multi-TRP operation with two TAs, RAN2 is asked to consider the following enhancements to support per TRP UE-initiated RACH procedure:
· possible TRP specific configuration, e.g. TRP specific DL RS group, TRP specific PRACH configuration, TRP specific thresholds for RA procedure initialization.
3. Conclusion
[bookmark: OLE_LINK3]In this contribution, we have some discussions on the Multi-DCI Multi-TRP operation with two TAs and the following observations and proposals are made: 
Two TAGs per serving cell
Observation 1: According to the current definition of TAG, the UE may manage at most two Primary TAGs per MAC entity, if two TAGs are configured to the SpCell.
Proposal 1: RAN2 to discuss whether to support at most one or two Primary TAGs per MAC entity.
Observation 2: There are some issues for the existing mechanism on TA timer handling, including 1) TA timer start/restart considering TAG ID is not included in the RAR or MSGB; 2) UE behavior is not clear when one of TA timers associated to PTAG/STAG expires.
Proposal 2: For multi-DCI multi-TRP operation with two TAs, RAN2 should discuss how to handle TA timer, considering:
· Option 1: TA timer per TAG (i.e. existing mechanism) with some enhancements
· Option 2: TA timer per serving cell
Per TRP UE-initiated RACH procedure
Proposal 3: For multi-DCI based Multi-TRP operation with two TAs, RAN2 to discuss if per TRP UE-initiated RACH procedure is needed.
Proposal 3bis: If per TRP UE-initiated RACH procedure is not supported, RAN2 to further discuss which TA timer is restarted when TAC is received in RAR.
Proposal 4: For multi-DCI based Multi-TRP operation with two TAs, RAN2 is asked to consider the following enhancements to support per TRP UE-initiated RACH procedure:
· possible TRP specific configuration, e.g. TRP specific DL RS group, TRP specific PRACH configuration, TRP specific thresholds for RA procedure initialization.
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