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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. Discussion
2.1. Signaling of two TAs
In RAN1#110, the key aspects of two TA signaling have been decided as in following agreements. That is a serving cell could be configured into two TAGs. For each TAG, the corresponding RRC configuration, e.g. n-TimingAdvanceOffset could be associated with each TRP. 
Agreement
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.

Agreement
For multi-DCI multi-TRP operation with two TAs, up to two n-TimingAdvanceOffset value per serving cell is supported

But one remaining issue related to two TAGs configuration is whether to allow two DL reference timings. In RAN1#109e, the following agreement was made.
Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives:
· Alt 1:  two reference timings are considered
· Alt 2:  one reference timing is considered
Note: reference timing above is the timing of the DL reception 

In Rel-16, it is assumed that UE receives DL transmission from MTRPs within a CP with single/multiple FFT windows. In Rel.18 M-DCI MTRP, the same assumption should hold, i.e. DL transmissions from MTRP are synchronous. If two DL reference timings are considered, it may somehow complicate UE’s DL processing timeline which is not desirable at UE side. In addition, in our understanding, it is also not within the scope of the WID and may lead to unnecessary specific effort. 
Technically, one DL reference timing with separate TA adjustment can meet the requirement of M-DCI M-TRP operation with two separate TAs.
Proposal 1: For M-DCI MTRP, support one DL reference timing for two TAGs.
In RAN1#110, the following agreement on how to associate TAGs to target UL channels/signals were achieved. 
For Option 1, it is clear that the TAG is to be associated with TCI state/spatial relation. Since two TA design for MTRP should also be applicable to FR1 operation where no UL Tx beam (either UL TCI state defined in Rel.17 or spatial relation information in Rel.15/16) is specified. Then it seems not a complete solution for both FR1 and FR2. In addition, if TAG were associated with TCI state/spatial relation, it seems we have extended the scope of TRP-specific TA to beam-specific TA. It seems not necessary, since different UL beams within a TRP can be received within a CP, i.e. UL synchronized. 
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 the UL DCI in one CORESET may schedule the UL channels (i.e. PUSCH/PUCCH) and even UL signal (SRS). Therefore, the connection from TAG to CORESETPoolIndex to UL channel/signal could be built. 
For Option 3, if TAG were associated with a group of DL RS, the additional specification effort is to associate PL RS to TAG too. In our view, we don’t have to make the association that complicated. 
For Option 4, it seems a compromised solution to address the issue of Option 2, i.e. semi-static UL channels/signals unrelated to any CORESET. 
Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, down select one of the options in RAN1#110bis-e:
· Option 1: Associate TAG to TCI-state/spatial relation
· Option 2: Associate TAG to CORESETPoolIndex
· Option 3: Associate TAG to DL RS group. For a UL transmission, UE adopts the TAG associated with the DL RS group to which the PL RS of the UL transmission belongs.
· Option 4: Associate TAG to target UL channels/RSs directly for semi-static UL channels/RSs (e.g. P CSI PUCCH, P SRS, CG PUSCH), and further discuss how to associate TAG to dynamic UL channels/RSs(e.g. via associating TAG to CORESETPoolIndex additionally, etc.)

Proposal 2: For M-DCI MTRP, support to associate TAG to CORESETPoolIndex (Option 2) for dynamic UL channels/RSs and study associations for semi-static UL channels/RSs (Option 4).
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)

If single panel selection is used for UL transmission, the overlapping part can be avoided by scheduling restriction in time domain. From UE perspective, scheduling restriction could be most implementation friendly way. But if one would like to argue that such scheduling restriction at the other hand bring additional complexity at NW side, then our choice could be introducing the dropping rules. 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 3: For (single) panel selection, suggest to introduce dropping rules for the overlapping part of UL transmission.
If multiple antenna panels are used for UL transmission, the illustrative example could be the STxMP which was agreed in RAN1#110 for S-DCI SDM transmission. For the SDM 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 1: For multiple panels supporting STxMP, the overlapping in time domain for M-DCI MTRP seems not an issue.
Proposal 4: For multiple panels supporting STxMP, allow UL transmission overlapping in time domain for M-DCI MTRP.
2.2. Acquisition of two TAs
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) 

In our view, CBRA-based RACH occurs at the very first place when UE attempts to initially access a new serving cell. When UE enters into RRC connected mode, NW may configure the UE with UL transmission toward additional TRP(s). 
Two options could be used to obtain the additional TA. One option of RACH is triggered by NW via PDCCH order, at least for intra-cell MTRP case. If the association between TAG and TRP (via CORESETPoolIndex) can be supported, then the PDCCH order marked with a CORESETPoolIndex could trigger CFRA based RACH toward the corresponding TRP. Then NW is able to control to acquire TA value for UL transmission toward any of TRPs. 
Proposal 5: For intra-cell MTRP case, study the PDCCH ordered RACH procedure toward the TRP from which the PDCCH order is transmitted.
As for inter-cell MTRP case, we understand that from RAN1#110bis-e, there could be a parallel agenda (9.12.2) on TA for mobility. For mobility, different TRPs are assigned with different PCIs, which is similar to the case of inter-cell MTRP. To avoid potential overlapping in design, we suggest to focus on intra-cell case first.
Proposal 6: On RACH triggered by PDCCH order, suggest to focus on the intra-cell MTRP case to avoid potential design collision with agenda item 9.12.2.
The other option of RACH is 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. With above being said, we hope next-level details could be further studied in upcoming meeting(s).
Proposal 7: For UE triggered RACH, study how to associate TAG with RACH procedure, i.e. for UE to differentiate different TRPs.
3. Conclusion
Based on above discussions, the following observations and proposals are provided:
Proposal 1: For M-DCI MTRP, support one DL reference timing for two TAGs.
Proposal 2: For M-DCI MTRP, support to associate TAG to CORESETPoolIndex (Option 2) for dynamic UL channels/RSs and study associations for semi-static UL channels/RSs (Option 4).
Proposal 3: For (single) panel selection, suggest to introduce dropping rules for the overlapping part of UL transmission.
Proposal 4: For multiple panels supporting STxMP, allow UL transmission overlapping in time domain for M-DCI MTRP.
Proposal 5: For intra-cell MTRP case, study the PDCCH ordered RACH procedure toward the TRP from which the PDCCH order is transmitted.
Proposal 6: [bookmark: _GoBack]On RACH triggered by PDCCH order, suggest to focus on the intra-cell MTRP case to avoid potential design collision with agenda item 9.12.2.
Proposal 7: For UE triggered RACH, study how to associate TAG with RACH procedure, i.e. for UE to differentiate different TRPs.
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