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1. Introduction
The WID [1] of MIMO evolution for downlink and uplink was agreed in RAN#94e meeting. According to the arrangement, the objectives related to this agenda item are highlighted as below
2. 
7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.

In this contribution, we present our views on the remaining aspects of two TAs for M-DCI MTRP to be addressed.
2. Indication of two TAs
2.1. Association between TAG and UL channel/signal
In RAN1#112, the agreement on how to associate TAGs to target UL channels/signals was achieved as below. In RAN1#113, the association between UL/joint TCI state and CORESETPoolIndex was further clarified. 
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 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.


In our reading, each TAG ID can be associated with or included into (up to RAN2 design) UL/joint TCI state. The baseline approach is to restrict UL/joint TCI states associated to one CORESETPoolIndex to one TAG only. Otherwise, UL channels/signals with different UL/joint TCI states toward one TRP may have two different TAs. That’s somehow not aligned with the spirit of this WID, i.e. two TAs for M-TRP where M-TRP refers two TRPs in our understanding. As for the working assumption (part of the agreement), a UE capability on whether to support UL/joint TCI states associated to one CORESETPoolIndex correspond to two TAGs was introduced. From what’s being said above, we failed to see motivation to allow this UE capability. 
Observation 1: For two TAs of M-DCI MTRP, there seems no strong motivation to introduce UE capability on UL/joint TCI states associated to one CORESETPoolIndex correspond to two TAGs. 
Proposal 1: Revert the working assumption on UL/joint TCI states of UL signals/channels associated to one CORESETPoolIndex correspond to two TAGs.
3. Acquisition of two TAs for M-DCI MTRP
3.1. Intra-cell M-DCI MTRP
One remaining issue would be the cross TRP or same TRP RACH triggering for intra-cell case. Different from inter-cell case where RACH information can be configured per each PCI, intra-cell case only has one RACH configuration in the serving cell. Due to spatial separation of different TRPs, different UL power control parameters and spatial relation for PRACH towards different TRPs should be further considered. Moreover, the RAR can be transmitted by any of the TRPs, since both TRPs belong to the same serving cell. We illustrate the whole procedure as in Figure 1. 


Figure 1 [bookmark: _Ref129770031]: TA acquisition procedure for one TRP with the same PCI
In RAN1#112bis-e, the working assumption was achieved as below. 
Working Assumption
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. 
· FFS: details of PRACH power control

To strive for unified solution for both inter-cell and intra-cell cases, we suggest to confirm it.
Proposal 2: For intra-cell M-DCI MTRP, confirm the working assumption on cross-TRP RACH triggering by PDCCH order.
3.2. Inter-cell M-DCI MTRP
The following agreements are related to how to indicate inter-cell PRACH transmission. 
[bookmark: _Hlk126742838]Agreement @ RAN1#111
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, one additional PRACH configuration is supported for each configured additional PCI
· the additional PRACH configuration is used in a RACH procedure triggered by a PDCCH order for the corresponding configured additional PCI 

Agreement @ RAN1#112bis-e
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 @ RAN1#114
For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, support indication of additionalPCI in the PDCCH order
· as baseline capability: support PRACH triggering towards servingCell PCI or active additionalPCI.  


For inter-cell MTRP, there could be up to 7 PCIs of TRPs different from serving cell. There are only two applicable PCIs, i.e. one serving cell PCI and one active addtionalPCI, to be indicated in the PDCCH order. Anyway, RAN1 finally supports that the PDCCH order includes the additionalPCI. Hopefully the field of additonalPCI would facilitates early UL sync up before the TCI state associated with another PCI is activated. 
Proposal 3: For inter-cell M-DCI MTRP, adopt the agreement on the indication of additionalPCI in the PDCCH order in specification.
4. TAs collision handling
For M-DCI MTRP, another issue to handle is the overlapping part between two UL transmission. In RAN1#110, the following agreement with potential solutions were first achieved. 
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)

In RAN1#112, the following agreement further refines different alternatives. 
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 RAN1#113, the final decision was made that scheduling restriction (Alt 3) at NW side to guarantee no overlaps between two UL transmission is the basic feature. As an additional optional feature, reducing the overlapping duration (1 or 2 symbols) of the two UL Tx. 
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

Moreover, the remaining issue on whether to specify either 1 or 2 symbols for overlapping reduction was concluded in RAN1#114 as below. 
Conclusion
For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, for the optional feature where the overlapping duration of the later of the two UL transmissions is reduced the following is concluded:
· There is no consensus to specify the overlapping duration in RAN1 specifications.

If multiple antenna panels are used for UL transmission, the illustrative example could be the STxMP which was agreed in AI 9.1.4.1. For the SDM/SFN scheme of STxMP, two different panels transmit simultaneously towards two different TRPs. Similarly, the simultaneous transmission capability could hold for M-DCI MTRP as well. The overlapping in time domain seems not an issue anymore, no matter the same TA or different TAs are applied. 
Observation 2: For multiple panels UEs supporting STxMP, the overlapping in time domain for M-DCI MTRP seems not an issue.
Proposal 4: For multiple panels UEs supporting STxMP, allow UL transmission overlapping in time domain for M-DCI MTRP.
5. [bookmark: _GoBack]Conclusion
Based on above discussions, the following proposals and observations are repeated as below
Proposal 1: Revert the working assumption on UL/joint TCI states of UL signals/channels associated to one CORESETPoolIndex correspond to two TAGs.
Proposal 2: For intra-cell M-DCI MTRP, confirm the working assumption on cross-TRP RACH triggering by PDCCH order.
Proposal 3: For inter-cell M-DCI MTRP, adopt the agreement on indication of additionalPCI in the PDCCH order in specificaiton.
Proposal 4: For multiple panels UEs supporting STxMP, allow UL transmission overlapping in time domain for M-DCI MTRP.

Observation 1: For two TAs of M-DCI MTRP, there seems no strong motivation to introduce UE capability on UL/joint TCI states associated to one CORESETPoolIndex correspond to two TAGs. 
Observation 2: For multiple panels UEs supporting STxMP, the overlapping in time domain for M-DCI MTRP seems not an issue.
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