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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 design for M-DCI MTRP.
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. 
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

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. 
The FFS on how to handle the association between UL channels/signals and TAGs when Rel-15/16 spatial relation framework is applied should be addressed as well. The reason as mentioned in RAN1#112 lies in the fact that RAN1 agreed to support two TAs for all the UL beam indication frameworks at FR1 and FR2, including legacy one in Rel-15/16 and newly introduced one in Rel.17. 
Agreement @ RAN1#110bis-e
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 @ RAN1#109e
Enhancements on two TAs for UL multi-DCI for multi-TRP operation are applicable to both FR1 and FR2.


In RAN1#110bis-e, the following agreement was achieved, which includes two main options, i.e., Option 1 (supported for unified TCI state) and Option 2 (applicable for spatial relation at FR2 and without spatial relation at FR1). 
Agreement @ RAN1#110bis-e
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, the four options agreed in RAN1#110bis-e are refined as below (down-selection of one or a combination of the options to be performed in RAN1#111):
· Option 1: Associate TAG to TCI-state/spatial relation
· Configure TAG ID as part of UL/joint TCI state or spatial relation
· for UL transmission, the TAG ID associated with the UL/joint TCI state or spatial relation is utilized
· Option 2: Associate TAG to CORESETPoolIndex
· for dynamically scheduled/activated PUSCH, TAG associated with the CORESET pool index of the CORESET carrying the scheduling/activating PDCCH is utilized for UL transmission
· for Type 1 CG, P/SP-SRS, and P/SP-PUCCH, coresetPoolIndex is RRC-configured.
· FFS:   Other signals/channels:  AP-SRS, and dynamic HARQ-ACK
· Option 3: Associate TAG to SSB group (if such an association is agreed in agenda 9.1.1.2). For a UL transmission, UE adopts the TAG associated with the SSB group such that
· if the PL RS is an SSB, then the UE adopts the TAG associated with the SSB group which the PL RS of the UL transmission belongs to
· if the PL RS is a CSI-RS, then the UE adopts the TAG associated with the SSB group which the QCL source SSB of the PL RS belongs to
· Option 4:  TAG association performed as follows:
· for dynamically scheduled/activated channels/signals, TAG associated with the CORESET pool index of the CORESET carrying the scheduling PDCCH is utilized for UL transmission
· for P/SP UL channels / signals (not scheduled or activated by DCI), TAG ID is RRC-configured. 

More specifically for Option 2, TAG is associated with the implicit TRP ID of M-DCI MTRP, i.e. CORESETPoolIndex. One may argue that the CORESETPoolIndex is configured per CORESET, thus it is for DL control channel only, not related to UL channel/signals. But we have to note that UL DCI in one CORESET may schedule the UL channels (i.e. PUSCH/PUCCH) and UL signal (SRS). Moreover, in AI 9.1.4.1, CORESETPoolIndex can be associated with SRS resource set for M-DCI MTRP as in following agreement.
Agreement @ from AI 9.1.4.1
· For multi-DCI based STxMP, to schedule a PUSCH for STxMP PUSCH+PUSCH transmission, 
· Alt1: The first SRS resource set is associated with coresetPoolIndex value 0 and the other SRS resource set is associated with coresetPoolIndex value 1
· The PUSCH is associated with SRS resource set with the same value of coresetPoolIndex 
· FFS: Which is the first SRS resource set, e.g., the set with lower set ID.
· Regarding how to interpret the SRI/TPMI field in DCI:
· For DG-PUSCH, the indicated SRI/TPMI field corresponds to the SRS resource set associated with same coresetPoolIndex value of the CORESET where scheduling DCI format 0_1 or 0_2 is received
· For Type 2 CG-PUSCH, the indicated SRI/TPMI field corresponds to the SRS resource set associated with same coresetPoolIndex value of the CORESET where activation DCI is received. 
· For Type 1 CG-PUSCH, one SRS_resource_set_index value is configured in RRC in ConfiguredGrantConfig and the srs-ResourceIndicator/precodingAndNumberOfLayers correspond to the SRS resource set 
 

Therefore, the association between TAG and UL channel/signal can be done via CORESETPoolIndex to address the remaining FFS. We could take Option 2 as a starting point to continue the discussion. 
Proposal 1: For remaining issue of two TAs for M-DCI MTRP, additionally support to associate TAG to CORESETPoolIndex for UL channels/RSs (Option 2) when legacy spatial relation framework applies.
2.2. Indication of TAG ID in MAC CE
In RAN1#110bis-e, the following agreement was made to indicate TAG ID via absolute TA command. The remaining issue is whether to indicate the TAG ID in either implicit or explicit manner. In our understanding, the absolute TA command carried by MAC CE falls into the scope of RAN2. Hence, it could be totally up to RAN2 to decide.
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
 

Proposal 2: On indicating TAG ID via absolute TA command, it could be up to RAN2 to include the TAG ID either explicitly or implicitly.
3. Acquisition of two TAs for M-DCI MTRP
In RAN1#110, the following agreement on how to achieve two TAs for a serving cell was made.
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) 

3.1. Intra-cell M-DCI MTRP
In RAN1#110bis-e, the following agreement with various alternatives to trigger RACH procedure for obtaining TA was achieved. The key issue it tries to address is to which TRP UE should send PRACH. 
Agreement @ RAN1#110bis-e
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 downselected, then it does not preclude indication of two TAG IDs (if supported)


In RAN1#111, the following agreement was made to support PDCCH ordered PRACH (based on CFRA) for both intra-cell and inter-cell cases. In our understanding, the TA acquisition for which TRP for the intra-cell case is still unclear. 
Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support CFRA triggered by PDCCH order for both intra-cell and inter-cell cases.


For intra-cell M-DCI MTRP, a few of alternatives were listed in RAN1#110bis-e. One common approach to obtain the additional TA is to via PRACH triggered by PDCCH order. In above agreement, Alt.2, Alt.6 and Alt.7 are related to PDCCH order. Specifically, Alt.2 directly includes the TAG ID in PDCCH order. The drawback is to modify the DCI format to add additional field. Alt.6 depends on the association between CORESETPoolIndex (which CORESET the PDCCH order located in) and TAG ID in an implicit manner. Alt.7 should be based on the association between TCI state and TAG ID. But one common drawback for PDCCH ordered PRACH lies in the fact that the PRACH is triggered by NW, thus cannot enable the TA timer based RACH procedure.
Besides the PDCCH ordered RACH procedure to obtain TA, RACH can be triggered by UE itself, e.g. due to TA timer expiration associated with any of TRPs. Since each TAG has its own TA timer, UE knows which TAG is out-of-sync and then transmits corresponding PRACH towards that TRP. In above agreement, there are alternatives which may not always depend on PDCCH order, such as Alt 3, Alt 4 and Alt 5. For Alt.3, it requires to restrict the SSB configuration for cell cover, which in our view should belong to NW implementation.  
But as for either RACH resources (Alt 4) or preambles (Alt 5) can be split into two groups via pre-configuration, then UE knows which RACH resource or preamble to use for the TRP in out-of-sync. Moreover, Alt 4 and Alt 5 can facilitate both PDCCH ordered RACH and TA timer based RACH.
Proposal 3: For intra-cell M-DCI MTRP, support either RACH occasion grouping (Alt 4) or preamble grouping (Alt 5) where each group corresponds to each TRP.
One more 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
But to strive for unified solution for both inter-cell and intra-cell cases, we have the following proposal
Proposal 4: For intra-cell M-DCI MTRP, support the cross-TRP RACH triggering by PDCCH order.
3.2. Inter-cell M-DCI MTRP
In general, the whole procedure to obtain TA value for additional TRP can be depicted as in Figure 2. The benefits for a UE lies in the fact that the UE always monitors the related PDCCH and the scheduled PDSCH in the same TRP. The drawback of this operation comes from the cost that the estimated TA value by additional TRP should be transferred to the TRP with serving cell TRP. 


Figure 2 [bookmark: _Ref110956393][bookmark: _Ref126745499]: TA acquisition procedure for an additional TRP with different PCI
In RAN1#110bis-e, the following agreement on whether cross-TRP RACH trigger can be allowed was made. In our understanding, the PDCCH order is carried by DCI format 1_0 which only be found in search space Type 0/1/2. At least for inter-cell M-DCI MTRP, these non-UE-dedicated channel can only be received from serving cell. In order to trigger RACH procedure towards a cell with different PCI, the PDCCH order should come from serving cell, therefore the cross-TRP PDCCH ordered RACH should be supported. 
In RAN1#111, the following working assumption made it possible for PRACH configuration per each PCI. In addition, the agreement below decided that the PDCCH ordered PRACH may toward the same TRP (sending the PDCCH order) or another TRP (with a different PCI). 
[bookmark: _Hlk126742838]Agreement 
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
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



For inter-cell MTRP, there could be up to 7 PCIs of TRPs different from serving cell. To indicate which TRP the UE should send RACH toward, the PDCCH order should include the related information, i.e. by adding PCI. 
Proposal 5: For inter-cell M-DCI MTRP, PDCCH order to trigger RACH procedure should include the information of PCI.
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 achieved. In our view, how to address it depends on how the antenna panels are used for UL transmission, i.e. either panel selection in Rel.17 or STxMP in Rel.18.
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#110bis-e, the following conclusion has been made to assume the awareness of two TA values between MTRP. Since TRPs cannot always assume the knowledge of the overlapping regions between transmissions corresponding two TAs, it implies the dynamic scheduling restrictions cannot always be applied. In other words, the scheduling restrictions can only be conducted in a non-dynamic manner, e.g. leave the last symbol before a slot boundary as blank. 
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

Observation 2: For M-DCI MTRP with two TAs, the dynamic scheduling restriction to avoid UL transmission collision cannot always be applicable.
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.


If single panel is selected or let’s say UE not supporting STxMP for UL transmission, the overlapping part can be avoided by non-dynamic fashion in time domain. In Alt.1, X symbols is to be introduced as a fixed time gap between UL transmissions of two TAGs. But in our understanding, the overlapping region of small-to-medium deployment could be just up to the duration of a CP. In this case, time gap in symbol level could be a waste of time-domain resource. In Alt.3, from UE perspective, scheduling restriction could be most implementation friendly way. But if one may argue that non-dynamic scheduling restriction (i.e. leaving a few of symbols blank) at the other hand bring additional scheduling restriction at NW side.
Hence, our choice would be Alt.2, i.e., only reducing the overlapping duration of one UL transmission. Similar to legacy NR mechanism, if two adjacent slots overlap due to different TA values (towards different TRPs), the latter slot is reduced in duration relative to the former slot.
Proposal 6: For UE not supporting STxMP, support (Alt.2) to reduce the overlapping duration of one of two UL transmissions associated with different TAGs.
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 3: For multiple panels supporting STxMP, the overlapping in time domain for M-DCI MTRP seems not an issue.
Proposal 7: For multiple panels UEs supporting STxMP, allow UL transmission overlapping in time domain for M-DCI MTRP.
5. Conclusion
Based on above discussions, the following proposals and observations are repeated as below
Proposal 1: For remaining issue of two TAs for M-DCI MTRP, additionally support to associate TAG to CORESETPoolIndex for UL channels/RSs (Option 2) when legacy spatial relation framework applies.
Proposal 2: On indicating TAG ID via absolute TA command, it could be up to RAN2 to include the TAG ID either explicitly or implicitly.
Proposal 3: For intra-cell M-DCI MTRP, support either RACH occasion grouping (Alt 4) or preamble grouping (Alt 5) where each group corresponds to each TRP.
Proposal 4: For intra-cell M-DCI MTRP, support the cross-TRP RACH triggering by PDCCH order.
Proposal 5: For inter-cell M-DCI MTRP, PDCCH order to trigger RACH procedure should include the information of PCI.
Proposal 6: For UE not supporting STxMP, support (Alt.2) to reduce the overlapping duration of one of two UL transmissions associated with different TAGs.
Proposal 7: 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 M-DCI MTRP with two TAs, the dynamic scheduling restriction to avoid UL transmission collision cannot always be applicable.
Observation 3: [bookmark: _GoBack]For multiple panels supporting STxMP, the overlapping in time domain for M-DCI MTRP seems not an issue.
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