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Introduction
In light of R18 FeMIMO WID [1], the following objective is included in the scope:
	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.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.




In this paper, we will present our opinions on Two TAs for UL multi-DCI for multi-TRP.

Discussion
In Rel-15, Timing advance (TA) is introduced to adjust the uplink transmission, to make the received signals from different UEs aligned at gNB side. One serving cell is configured to be associated with one TAG. Different serving cells can be associated with the same TAG or different TAG. Upon reception of a timing advance command for a TAG, the UE adjusts uplink timing for PUSCH/SRS/PUCCH transmission on all the serving cells in the TAG based on a value [image: ] that the UE expects to be same for all the serving cells in the TAG and based on the received timing advance command where the uplink timing for PUSCH/SRS/PUCCH transmissions is the same for all the serving cells in the TAG. 
In Rel-18, for M-DCI based M-TRP operation, two TAs are considered to achieve uplink transmission timing adjustment per TRP respectively, i.e., one serving cell should be associated with two TAs. In RAN1#110-e meeting, after discussion, we have agreed to introduce two TAGs for one serving cell, i.e., each TAG associated with one TRP. 
Regarding how to associate TAG with target UL channels/signals for M-DCI based M-TRP operation, after extensive discussion in RAN1#112 [2], we have the following agreement:
	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


Regarding FFS part, in Rel-16, for M-DCI based M-TRP, coresetPoolIndex is introduced to group CORESET, and can be interpreted to be on behalf of one TRP. In Rel-17 inter-cell M-TRP, one PCI is allowed to be only associated with one coresetPoolIndex, and one coresetPoolIndex is only associated with one TRP. Since the motivation of introducing two TA in Rel-18 to obtain per TRP timing adjustment, thus it is natural and simple to set the association between coresetPoolIndex and TAG, to achieve two TAs for M-DCI based intra-cell and inter-cell M-DCI based M-TRP. In addition, it can be applied for both FR1 and FR2. 
Proposal 1: When Rel-15/Rel-16 spatial relation framework is used, support one TAG associated with one coresetPoolIndex.
However, considering limited time, and potential spec workload, we are fine not to support two TAs for Rel-15/16 spatial relation framework.
Proposal 2: If time doesn’t allow, not support Rel-15/Rel-16 spatial relation framework in Rel-18.
For the indication of absolute TA command, in RAN1#110b-e, we have agreed to do some enhancement, and details are FFS [3].
	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

Agreement
For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, support one of the alternatives (down selection to be done in RAN1#111):
· Alt 1: PDCCH scheduling RAR will always be received from serving cell  there is no need for additional type 1 CSS configuration per additional PCI
· Alt 2: In addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported  additional type 1 CSS configuration per additional PCI needs to be supported
Agreement
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 current specification, RAR PDSCH indicates the absolute TA for the cell in which the PRACH is transmitted. For inter-cell case, CSS type 0/1/2 cannot be configured for TRP associated with additional PCI in current specification, and we have not seen any necessarity of enhancement. The RAR PDCCH would be always transmitted from TRP associated with the serving PCI. RAR message could be enhanced to indicate the indicated TAC applicable for which TAG/TRP. One simple way is to reuse the reserved bit or have some new bits to indicate at least one TAG ID. Although for intra-cell it is not necessary to enhance RAR message, we prefer one unified solution for inter-cell and intra-cell case. 
Regarding whether to indicate one or two TAC(s)/TAG ID(s), we think one TAG ID/TAC is enough, and we have not seen strong justification on supporting two TAG ID and two TAC in one RAR. 
Proposal 3: For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, PDCCH scheduling RAR would always be received from serving cell.
Proposal 4: Support to indicate one TAG ID by absolute TA command for both inter-cell case and intra-cell case.
For intra-cell case, CSS type 1 can be configured at both TRPs, or only at the primary TRP. Thus, different from inter-cell case, PDCCH scheduling RAR can be received from the TRP same as the TRP PRACH towards to or different from the TRP PRACH towards to.
Observation 1: For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, PDCCH scheduling RAR can be from any one or both of TRP.
In current specification, if the UE attempts to detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI in response to a PRACH transmission initiated by a PDCCH order that triggers a contention-free random access procedure,  for the SpCell the UE may assume that the PDCCH that includes the DCI format 1_0 and the PDCCH order have same DM-RS antenna port quasi co-location properties while for a secondary cell, the UE may assume the DM-RS antenna port quasi co-location properties of the CORESET associated with the Type1-PDCCH CSS set for receiving the PDCCH that includes the DCI format 1_0.
For both intra-cell and inter-cell cases, if PDCCH scheduling RAR is from the TRP different from the TRP where PDCCH order comes from, then for SpCell enhancement on the spatial information determination for PDCCH scheduling RAR is needed, since the QCL properties of PDCCH order is not appropriate to be utilized. One simple method is to assume the DM-RS antenna port quasi co-location properties of the CORESET associated with the Type1-PDCCH CSS set for receiving the PDCCH scheduling RAR.
Proposal 5: When PDCCH scheduling RAR is from one TRP different PDCCH order transmitted, UE can assume the DM-RS antenna port quasi co-location properties of the CORESET associated with the Type1-PDCCH CSS set for receiving the PDCCH scheduling RAR, regardless of SpCell or Scell.
For inter-cell M-DCI based M-TRP case, other than enhancement on RAR message related, there are also some other enhancements to be considered. The following agreements have been achieved [3, 5].
	Agreement
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, support a mechanism to determine which PRACH configuration (i.e., RACH configuration corresponding to serving cell PCI or an additional PCI) to be used in the RACH procedure triggered by PDCCH order
· FFS:  Explicit indication or implicit indication through PDCCH order 

Agreement
Confirm the following working assumption:
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 


In current specification, PDCCH order includes SS/PBCH index, PRACH Mask index and Random Access Preamble index. When the value of the “Random Access Preamble index” is not all zeros, PRACH Mask index is used to indicate PRACH occasion associated with SSB indicated by SS/PBCH index. In inter-cell case, further enhancement on PDCCH order is needed to identify SS/PBCH index associated with which PCI. One simple way is to introduce explicit field to indicate PCI information.
Proposal 6: For inter-cell case, enhancement on PDCCH order is needed to indicate SSB/RACH configuration for either serving cell or neighbor cell, e.g., explicitly introduce one field to indicate PCI information.
[bookmark: _GoBack]Regarding how to consider the overlapping part between two UL transmissions with two TAs, so far, we have the following agreements [4, 5]:
	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)

Conclusion
[bookmark: OLE_LINK8]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

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 Rel-15/Rel-16/Rel-17, if two adjacent slots overlap due to a TA command, there is one restriction that the latter slot is reduced in duration relative to the former slot. 
In light of the LS from RAN4, for a UE capable of supporting Receive time Difference (RTD) > CP, MRTD/MTTD value for FR1 is 33/34.6 µs and MRTD/MTTD value for FR2 is 8/8.5 µs. Thus, the overlapped part is less than 1 symbol for most cases, while only for SCS=60KHz in FR2 the overlapped part can be more than 1 symbol and less than 2 symbols.  Regarding the overlapping issue, if Alt1 is considered, it perhaps would cause too much resource waste, since the gap always exists even if the overlapped part would be much less than gap. Given there are two reference timings, it is hard for gNB to achieve the accurate overlapped duration, and make precise scheduling restriction. To realize Alt3, gNB may adopt one simple but inefficient method, e.g., 1 or 2 symbols of either the former slot or the latter slot always not being scheduled. Obviously, it would also cause resource waste. Alt 2 is one good choice to alleviate gNB scheduling restriction and avoid much performance loss. Thus, we prefer Alt2, and also think the legacy reduction rule still can be utilized for Rel-18. 
Proposal 7: For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, and when two adjacent slots overlap due to a TA command, support Alt 2, i.e., Reduce the overlapping duration of one of the two UL transmissions.
· Further, the latter slot can be reduced in duration relative to the former slot.
For Rel-18, since two TA is introduced for multi-TRP operation, in our mind, it means that UE has the capability of simultaneously maintaining two UL timings. In addition, STxMP feature is agreed to be supported in Rel-18. Thus, in our mind, if UE supporting STxMP feature and two TA feature, the restriction can be relaxed, i.e., even if two adjacent slots overlap due to a TA command, the latter slot can be kept and not be reduced.
Proposal 8: When two adjacent slots overlap due to a TA command, 
· If UE supports STxMP transmission and two TA, the latter slot can be not reduced in duration relative to the former slot.

Conclusion 
In this contribution, we provide our opinions on two TAs for M-DCI based M-TRP operation:
Observation 1: For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, PDCCH scheduling RAR can be from any one or both of TRP.

Proposal 1: When Rel-15/Rel-16 spatial relation framework is used, support one TAG associated with one coresetPoolIndex.
Proposal 2: If time doesn’t allow, not support Rel-15/Rel-16 spatial relation framework in Rel-18.
Proposal 3: For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, PDCCH scheduling RAR would always be received from serving cell.
Proposal 4: Support to indicate one TAG ID by absolute TA command for both inter-cell case and intra-cell case.
Proposal 5: When PDCCH scheduling RAR is from one TRP different PDCCH order transmitted, UE can assume the DM-RS antenna port quasi co-location properties of the CORESET associated with the Type1-PDCCH CSS set for receiving the PDCCH scheduling RAR, regardless of SpCell or Scell.
Proposal 6: For inter-cell case, enhancement on PDCCH order is needed to indicate SSB/RACH configuration for either serving cell or neighbor cell, e.g., explicitly introduce one field to indicate PCI information.
Proposal 7: For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, and when two adjacent slots overlap due to a TA command, support Alt 2, i.e., Reduce the overlapping duration of one of the two UL transmissions.
· Further, the latter slot can be reduced in duration relative to the former slot.
Proposal 8: When two adjacent slots overlap due to a TA command, 
· If UE supports STxMP transmission and two TA, the latter slot can be not reduced in duration relative to the former slot.
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