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1. Introduction
In RAN1#113[1], some agreements on two TAs for multi-DCI-based multi-TRP operation have been made. 
	Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, the baseline feature is revised as follows:
· UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG  
· Association of TAG ID with UL/joint TCI state is via RRC configuration 
· Above does not impact the association of the indicated TCI states and coresetPoolIndex values as agreed in previous meetings in 9.1.1.1.

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 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
Proposed answer to Question Q1a in RAN2 LS R1-2304326:
Apart from the agreements RAN1 has sent in LS R1-2302226 to RAN2 before, RAN1 has not agreed to any further restrictions on the association of serving cells and/or TRPs to the TAGs at this point. If RAN1 agrees to such restrictions, RAN1 will inform RAN2.

Agreement
Proposed answer to Question Q1b in RAN2 LS R1-2304326:
RAN1 has not reached consensus to increase the current number of TAGs per cell group.


Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission,
· for the baseline feature, the UE does not expect the two UL transmissions to overlap (i.e., scheduling restriction is applied to avoid overlap between the two UL transmissions)
· as an optional feature, the overlapping duration of the later of the two UL transmissions is reduced.
· FFS: for the optional feature, whether or not the overlapping duration needs to be specified as 1 (in case 2) or 2 (in case 1) OFDM symbols where
· Case 1 applies when UE is capable of supporting MRTD > CP, SCS=60 kHz and frequency range is FR1.
· Case 2 applies in all other cases

Agreement
Proposed answer to Question Q2 in RAN2 LS R1-2304326: 
RAN1 confirms that when the TA timer associated to one TRP expires for a TAG associated with a TCI state, UL or DL operation associated to the another TRP is not impacted only towards that TRP. This further depends on PTAG/STAG definition, which is up to RAN2 to decide.
Which UL or DL operation is impacted have not been discussed in RAN1.

Decision: The draft LS is endorsed. Final LS is approved in R1-2306249.


In this contribution, we further discuss enhancements on two TAs for multi-DCI-based multi-TRP operation based on those agreements.
2. [bookmark: OLE_LINK8][bookmark: OLE_LINK26][bookmark: OLE_LINK27]Discussion
2.1 Cross-TRP PDCCH order
In RAN1#112b-e meeting, a working assumption on cross TRP RACH triggering for intra-cell Multi-DCI based M-TRP operation was made. We support to confirm the working assumption due to following reasons. 
· If the link between a TRP and UE is not reliable enough, the PDCCH order may be missed and then the corresponding CFRA procedure will be triggered with additional latency. For this case, if the PDCCH order can be sent by one TRP triggering RACH procedure towards the same TRP or a different TRP, PRACH procedures can be more reliable. 
· In addition, since this feature is supported for inter-cell Multi-DCI based M-TRP operation, we think it makes sense to extend this feature to intra-cell Multi-DCI based M-TRP operation.
Proposal 1: Support to confirm the working assumption:
· i.e., For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by TRPX triggers RACH procedure towards either TRPX or TRPY. 
In the current specification, if a PRACH transmission from a UE is in response to a PDCCH order by the UE that triggers a contention-free random access procedure, the pathloss calculation is based on the DL RS that the DM-RS of the PDCCH order is quasi-collocated with. For cross-TRP PDCCH order, a PDCCH order sent by one TRP may trigger RACH procedure towards a different TRP. In this case, the legacy rule may not be applicable to the PRACH transmission toward a different TRP. Therefore, another solution should be designed to determined the DL RS for pathloss measurement. In detail, SSB indicated in the PDCCH order serves as the path loss RS for PRACH Tx power determination.
Proposal 2: For cross-TRP PDCCH order, SSB indicated in the PDCCH order serves as the path loss RS for PRACH Tx power determination.
In Rel-15, the UE is configured to receive scheduling PDCCH of the RAR in Type1-PDCCH CSS set, where a Type1-PDCCH CSS set is configured by ra-SearchSpace. The UE is configured with two groups of CORESET in Multi-DCI based M-TRP operation, where each group of CORESET is associated to a TRP. Since only one Type1-PDCCH CSS set is configured, for these two groups of CORESET, the Type1-PDCCH CSS set is associated to one group of CORESET, i.e., one TRP. 
In RAN1#112b-e meeting, it is agreed that RAR is only received from a TRP that is associated with Type-1 CSS in inter-cell Multi-DCI based M-TRP operation. For intra-cell Multi-DCI based M-TRP operation, if cross-TRP PDCCH order is supported, such solution can be also applicable to intra-cell Multi-DCI based M-TRP operation, i.e., RAR is only received from a TRP that is associated with Type-1 CSS.
Proposal 3: For intra-cell Multi-DCI based M-TRP operation, RAR is only received from a TRP that is associated with Type-1 CSS.
In Rel-15, for PDCCH order based CFRA procedure in SpCell, the scheduling PDCCH of the RAR and the PDCCH order has the same DM-RS antenna port QCL properties. For PDCCH order based CFRA procedure in SCell, the scheduling PDCCH of the RAR and the CORESET associated with the Type1-PDCCH CSS set has the same DM-RS antenna port QCL properties. 
It was agreed that for Multi-DCI based M-TRP operation, a PDCCH order sent by one TRP can trigger RACH procedure towards either the same TRP or a different TRP. Therefore, PDCCH order and the scheduling PDCCH of the RAR may be transmitted from same or different TRP. The existing QCL relationship between PDCCH order and scheduling PDCCH of the RAR needs to be enhanced, whereby the QCL can be assumed for receiving RAR. 
For the QCL assumption of scheduling PDCCH of the RAR in CFRA triggered by PDCCH order in intra-cell and inter-cell Multi-DCI based M-TRP operation, the following can be considered:
· If PDCCH order and scheduling PDCCH of the RAR are transmitted from the same TRP, PDCCH order and scheduling PDCCH of the RAR has same QCL properties.
· If cross-TRP PDCCH order is supported, i.e., PDCCH order and scheduling PDCCH of the RAR are transmitted from different TRPs, QCL properties of the CORESET associated with Type1-CSS for receiving PDCCH of the RAR are assumed.
Proposal 4: For the QCL assumption of scheduling PDCCH of the RAR in CFRA triggered by PDCCH order, the following can be considered:
· If PDCCH order and scheduling PDCCH of the RAR are transmitted from the same TRP, PDCCH order and scheduling PDCCH of the RAR has same QCL properties.
· If cross-TRP PDCCH order is supported, QCL properties of the CORESET associated with Type1-CSS for receiving PDCCH of the RAR are assumed.
2.2 Association between random access procedure and TRP
[bookmark: _GoBack]In current specification, initial TA value is indicated by RAR via RACH procedure. If RACH procedure is reused to obtain the initial TA values for the two TRPs, when UE receives an RAR that contains an initial TA value, UE can not differentiate whether the initial TA is associated with the first TRP or the second TRP. Therefore, UE should be able to differentiate RACH procedures for different TRPs. 
In RAN1#113 meeting, two alternatives for the association between RACH procedure and TRP in intra-cell Multi-DCI based M-TRP operation are down selected. Regarding Alt 1, additional field is introduced in the RAR to identify the TRP for which the RACH procedure is triggered, which requires additional overhead in RAR. Regarding Alt 3, by dividing SSBs into two groups and one for each TRP, for CFRA triggered by PDCCH order, the SS/PBCH index field in the PDCCH order indicates UE the beam to transmit preamble, where the preamble is indicated by the Random Access Preamble index field in the same PDCCH order, as shown in Figure 1. From this perspective, the selected SSB can not only differentiate the TRP, but also provide a optimal beam for preamble transmission. Therefore, for the association between RACH procedure and TRP in intra-cell Multi-DCI based M-TRP operation, we support Alt 3.
Proposal 5: For the association between RACH procedure and TRP in intra-cell Multi-DCI based M-TRP operation, we support Alt 3:
· i.e., 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.
[image: ]
Figure 1: Two PRACHs based on two SSBs
In Rel-15, for CFRA based RACH procedure, the PRACH occasion is determined based on the SS/PBCH Index and PRACH Mask Index fields in PDCCH order. For CBRA based RACH procedure, the PRACH occasion is determined based on the selected SSB. For multi-DCI based Multi-TRP operation with two TAs enhancement, two PRACH occasions are determined, where two preambles are transmitted. Then, two PRACH occasions for two TRPs may be overlapped in time domain and/or frequency domain. If overlapped PRACH occasions for two TRPs are allowed, UE capability shall be enhanced to support simultaneous PRACH transmissions. By this way, when both TAs are out-of-sync, the latency for UL synchronization can be reduced. 
Otherwise, two non-overlapped PRACH occasions of PRACH transmissions toward two TRPs should be considered. To determine two non-overlapped PRACH occasions, the RACH resources can be divided into two groups, where each group is associated to one of the two TRPs. Optionally, if two PRACH occasions are selected based on the corresponding SSB, further restriction can be introduced to ensure that two PRACH occasions are non-overlapped.
Proposal 6: Support simultaneous PRACH transmissions.
Proposal 7: Support to divide RACH resources into two groups, where PRACH occasions for PRACH transmission toward two TRPs are non-overlapped.
3. Conclusion
[bookmark: OLE_LINK40][bookmark: OLE_LINK6][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK39][bookmark: OLE_LINK3]In this contribution, we discuss potential enhancements on multi-TRP using Rel-17 unified TCI framework. Based on the discussion above, we provide the following proposals:
Proposal 1: Support to confirm the working assumption:
· i.e., For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by TRPX triggers RACH procedure towards either TRPX or TRPY. 
Proposal 2: For cross-TRP PDCCH order, SSB indicated in the PDCCH order serves as the path loss RS for PRACH Tx power determination.
Proposal 3: For intra-cell Multi-DCI based M-TRP operation, RAR is only received from a TRP that is associated with Type-1 CSS.
Proposal 4: For the QCL assumption of scheduling PDCCH of the RAR in CFRA triggered by PDCCH order, the following can be considered:
· If PDCCH order and scheduling PDCCH of the RAR are transmitted from the same TRP, PDCCH order and scheduling PDCCH of the RAR has same QCL properties.
· If cross-TRP PDCCH order is supported, QCL properties of the CORESET associated with Type1-CSS for receiving PDCCH of the RAR are assumed.
Proposal 5: For the association between RACH procedure and TRP in intra-cell Multi-DCI based M-TRP operation, we support Alt 3:
· i.e., 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.
Proposal 6: Support simultaneous PRACH transmissions.
Proposal 7: Support to divide RACH resources into two groups, where PRACH occasions for PRACH transmission toward two TRPs are non-overlapped.
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