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Background
In RAN#94e, the working item to enhance both downlink and uplink MIMO operations in Rel-18 was agreed [1].
According to the WID, the following item needs to be studied, and if justified, specified:
· Two TAs for UL multi-DCI for multi-TRP operation
Discussions
1.1. Initial TAC signaling
For absolute TA command, the following agreement was made [2]:
	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




Although a TAG is defined as a group of serving cells having the same TA, for Rel-18, a serving cell can belong to two TAGs. However, a TA value from absolute TA command is indicated for the serving cell via MAC while an update TA value is associated with a TAG ID in MAC CE. That is, it is unknown that a TA value from absolute TA command is associated with which TAG. For this reason, we propose that the TAG ID should be included in the absolute TA command.
Proposal 1: TAG ID should be included in the absolute TA command.

For initial TAC signaling, the following agreements were made [2]:
	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.

Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, there is no consensus to support enhancements for CBRA triggered by PDCCH order.

Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, it is up to RAN2 to decide whether there is a need to enhance CBRA procedure to support per TRP UE-initiated RACH procedure.
Agreement: Send LS to RAN2 regarding the above conclusion. Final LS in R1-2213004.




We summarize the above agreements as below:
	
	Intra-cell MTRP
	Inter-cell MTRP

	CFRA triggered by PDCCH order
	Support (Section 2.1.1)
	Support (Section 2.1.2)

	CBRA triggered by PDCCH order
	No enhancement
	No enhancement

	CFRA triggered by UE
	
	

	CBRA triggered by UE
	Up to RAN2
	Up to RAN2



CFRA triggered by PDCCH order for inter-cell MTRP
For initial TAC signaling, the following agreements were made [2][3]:
	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 

Conclusion
For inter-cell multi-DCI based multi-TRP operation with two TA enhancement, there is no consensus to introduce additional type 1 CSS configuration per 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

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 




If the TRP X transmits a PDCCH order, the PDCCH order can trigger RACH procedure towards either TRP X or TRP Y. Furthermore, the PDCCH order can explicitly or implicitly indicate a RACH configuration.
To indicate one of RACH configurations, there are two alternatives as the following:
· Alt 1: Explicit indication of one of RACH configurations by PDCCH order
· Alt 2: Implicit indication of one of RACH configurations by PDCCH order
For Alt 1, a new DCI field in PDCCH order indicates a value, and one of RACH configurations can be selected based on the value. For example, when the value is 0, PRACH resources of RACH-ConfigCommon are used for TRP X (i.e., perform legacy procedure). When the value is 1~7, PRACH resources of Rel-18 RACH configuration associated with the additional PCI corresponding to the value is used for TRP Y. Furthermore, the current PDCCH order has 12 Reserved bits. Therefore, the new DCI field does not increase DCI overhead.
For Alt 2, CORESET pool index of PDCCH order can be used. For example, if CORESET pool index is 0, RACH-ConfigCommon is used to select PRACH resource for TRP X. If CORESET pool index is 1, Rel-18 PRACH configuration associated with additional PCI is used to select PRACH resource for TRP Y. However, for Rel-17, up to 7 AdditionalPCIIndex can be configured, and switching between 2 CORESET pool index values cannot identify one of AdditionalPCIIndex. For this reason, we support Alt 1.
Proposal 2: For RA triggered by PDCCH order in inter-cell MTRP, PDCCH order should explicitly indicate one of RACH configurations. 
The UE transmits PRACH to either TRP X or TRP Y based on the selected RACH configuration. If the UE transmits PRACH to TRP Y, it estimates the corresponding TAy from the UE to TRP Y. If TRP Y is not associated with a Type 1 CSS, TRP Y exchanges estimated TAy with TRP X. 
Furthermore, according to the following agreements on AI 9.12.1, TRP X can transmit a RAR or MAC CE including TAy to the UE.
	 Agreement
On whether RAR is needed for PDCCH ordered RACH for a candidate cell in LTM, the following alternatives are considered for further study
· Alt 1: RAR is needed
· Alt 2: RAR is not needed
· Note: If Alt 2 is supported, TA value of candidate cell is indicated in cell switch command
· Alt 3: whether RAR is needed can be configured
Agreement
Whether RAR needs to be received is configured by RRC.




This MAC CE is not defined yet. However, we think absolute TA command with a TAG ID can be reused for CFRA triggered by PDCCH order for secondary TA acquisition.
Proposal 3: Absolute TA command with a TAG ID should be reused for no RAR based secondary TA acquisition triggered by a PDCCH order.

CFRA triggered by PDCCH order for intra-cell MTRP
For initial TAC signaling, the following agreements were made:
	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)




RA triggering
In our view, for intra-cell mTRP case, additional RACH configuration is unnecessary because the association between SS/PBCH and RACH preamble/PRACH occasion is the same among TPRs.
Proposal 4: For RA triggered by PDCCH order in intra-cell mTRP, additional RACH configuration is unnecessary.
However, the UE needs to identify whether RA triggered by PDCCH order is for second TA acquisition in the serving cell. There are alternatives to indicate second TA acquisition as the following:
· Alt 1: Explicitly indicate TAG ID as part of TA command in RAR
· Alt 2: Explicitly indicate TAG ID as part of PDCCH order
· Alt 3/4/5: Reserve RA resource for two TA acquisition (grouping of SSB or preambles)
· Alt 6: Implicitly indicate TAG ID as CORESETPoolIndex of PDCCH order
· Alt 7: Implicitly indicate TAG ID as TCI state used to receive PDCCH order
We prefer Alt 1. In our view, for Alt 1, the reserved 1 bit in RAR can used. If 1 bit set to TAG ID X, the UE applies a TA value included in the RAR as the TA value for TRP X. If 1 bit set to TAG ID Y, the UE applies a TA value included in the RAR as the TA value for TRP Y as the TA value for TRP Y, and the UE can keep the TA value for TRP X. For no-RAR based secondary TA acquisition, the absolute TA command with the TAG ID can be used.
In our view, for Alt 3/4/5, there is a little standardization effort such that the number of SSBs/RA resources for each group is defined. Alt 6/7 has less flexibility than Alt 2 because TRP X cannot trigger RACH procedure toward TRP Y. In our view, no restriction is needed in terms of cross-TRP RACH triggering because it is up to the gNB. For Alt 1/2, the RA resource selected by the PDCCH order can be associated with either TRP X or TRP Y transparently to the UE. For Alt 3/4/5, the RA resource selected by the PDCCH order can be associated with either TRP X or TRP Y, and the association is explicitly defined by grouping of SSB or preambles. Additionally, for Alt 2/3/4/5/6/7, there is potentially a misalignment between a TAG ID included in a PDCCH order and other TAG ID included in the absolute TA command. Therefore, we slightly prefer Alt 1 to Alt 2.
Proposal 5: For RA triggered by PDCCH order in intra-cell MTRP, TAG ID should be explicitly indicated as part of TA command in RAR.
Proposal 6: For RA triggered by PDCCH order in intra-cell MTRP, a PDCCH order sent by a TRP can trigger RACH procedure towards either the same TRP or a different TRP transparently to the UE. 

1.2. Association between TAG and target UL channel
For association between TAG and target UL channel, the following agreement was made:
	Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
Associate TAG to TCI-state
1. Associate TAG ID with UL/joint TCI state 
1. For UL transmission, the TAG ID associated with the UL/joint TCI state is utilized
1. 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
1. 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
1. PUCCH
1. DG/CG Type 1/Type 2 PUSCH
1. AP/SP/P SRS




Case that unified TCI is enabled
According to the agreement on AI 9.1.1.1, for multi-DCI based MTRP, if a PUSCH is scheduled by a DCI format 0_0/0_1/0_2, one of two the indicated UL/joint TCI states (i.e., the applied UL/joint TCI state) is applied to the PUSCH according to a CORESETPoolIndex value corresponding to the scheduling PDCCH. Therefore, a TAG ID associated with one of two TAs in a serving-cell is determined by the applied UL/joint TCI state and the corresponding CORESETPoolIndex value. Furthermore, the Rel-16 activated TCI states are associated with one CORESETPoolIndex, and we prefer to reuse the same rule for Rel-18. Namely, an activated UL/joint TCI state should be mapped to each codepoint of a TCI field in a DCI format corresponding to a CORESETPoolIndex value. Furthermore, the mapping should be performed by a MAC CE including the CORESETPoolIndex value.
Proposal 7: An activated UL/joint TCI state should be mapped to each codepoint of a TCI field in a DCI format corresponding to a CORESETPoolIndex value. The mapping should be performed by a MAC CE including the CORESETPoolIndex value.
For an association between a TAG ID and a UL/joint TCI state, we think there are three alternatives as the following:
· Alt 1: Implicit association 
· Alt 1-1: 1-to-1 mapping of a CORESETPoolIndex corresponding to the applied UL/joint TCI state
· Alt 1-2: 1-to-1 mapping of a group of source RSs corresponding to the applied UL/joint TCI state
· Alt 2: Explicit association
· Alt 2-1: a TAG ID is configured in a configured UL/joint TCI state
In our view, Alt 2-1 is reasonable. For Alt 1-1, based on the baseline that the UE expects that the activated UL/joint TCI states associated to one CORESETPoolIndex correspond to one TAG, the TAG ID is determined by the CORESETPoolIndex. In our view, if the UE capability, that one CORESET pool index corresponds to two TAGs, is not reported, Alt 1-1 is simplest and reasonable. Furthermore, it is helpful for TRP selection/control that 1-to-1 mapping of an indicated TCI state, a CORESETPoolIndex, and a TAG to the same TRP.
However, in terms of dynamic point selection, one of two TAs cannot be switched within a CORESETPoolIndex. For dynamic point selection, while reusing the CORESET(s) corresponding a CORESETPoolIndex, the UE can switch a TRP (i.e., spatial direction and TA). For Alt 1-2, there are standardization effort and specification impact regarding grouping of RSs. If SS/PBCH blocks is separated into two groups, the number of SSBs for each group, grouping indication, and initial/default grouping need to be considered. For these reasons, Alt 2-1 is the simplest and has low spec impacts if the UE capability is reported.
Proposal 8: If the UE capability is reported, a TAG ID should be included in a configured UL/joint TCI state.
Proposal 9: If the UE capability is not reported, a TAG ID should be implicitly determined by a CORESETPoolIndex associated with the activated UL/joint TCI state.
Case that unified TCI is disabled
If the unified TCI is not supported or is disabled, the Rel-15/16 spatial relation framework (e.g., UL Tx spatial filter for PUSCH, spatial relation info for PUCCH/SRS) is used. However, the Rel-15/16 spatial relation framework is not applicable to FR1. For this reason, we need to focus on 1) only FR2, 2) enhance Rel-15/16 spatial relation framework for both FR1 and FR2, or 3) not support the Rel-15/16 spatial relation framework for two TAs. For Alt 3, the following agreement may need to be reverted:
	Agreement
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.





1.3. Overlapping problem
For overlapping problem, the following agreement was made:
	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.




[image: ]
Figure 1: Overlapping problem.
Even for two TDM PUSCHs, they are potentially overlapped due to different TA values as shown in Figure 1.
According to the previous discussion, there are three alternatives to solve the overlapping problem as the following:
· Alt 1: Introduce a time gap
· Alt 2: Reduce the overlapping duration
· Alt 3: Scheduling restriction (no spec impact)
According to the following conclusion in RAN1#110bis-e, there is a case that both TRPs don’t have knowledge of the overlapping region between transmissions having different TAs. Therefore, we think Alt 3, if it has no spec impact, cannot solve the overlapping problem.
	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




For Alt 1, both TRPs can schedule two UL channels having different TAs such that a time offset between an end of the former UL channel and a start of the latter UL channel is always larger than X symbols. That is, the UE can assume that two scheduled UL channels having different TAs have a time gap X. For Alt 2, high priority channels (e.g., PUCCH with HARQ-ACK) potentially disappear. For this reason, we support Alt 1.
Proposal 10: Support to introduce a time gap X symbol(s) between two UL transmissions associated with two different TA values
Furthermore, since there is a case that the TRPs have no knowledge of the overlapping region, we think the dropping rule specified in TS38.213 Clause 9 and Clause 11.1 needs to be considered. For example, if the latter non-scheduled UL transmission is within X symbols but is logically TDMed with the former UL transmission, both UL transmissions should be regarded as overlapping each other, and the legacy dropping rule specified in TS38.213 Clause 9 and Clause 11.1 should be applied to both UL transmissions. By introducing a time gap and enhancement on the dropping rule, we can prevent from forcibly reducing the latter slot regardless of whether two UL transmissions are scheduled or not scheduled.
Proposal 11: If a time offset between two non-scheduled UL transmissions that are logically TDMed is within a time gap X symbols(s), the legacy dropping rule should be applied to both UL transmissions.
Conclusion
In this contribution, we have the following proposal:
Proposal 1: TAG ID should be included in the absolute TA command.
Proposal 2: For RA triggered by PDCCH order in inter-cell MTRP, PDCCH order should explicitly indicate one of RACH configurations. 
Proposal 3: Absolute TA command with a TAG ID should be reused for no RAR based secondary TA acquisition triggered by a PDCCH order.
Proposal 4: For RA triggered by PDCCH order in intra-cell mTRP, additional RACH configuration is unnecessary.
Proposal 5: For RA triggered by PDCCH order in intra-cell MTRP, TAG ID should be explicitly indicated as part of TA command in RAR.
Proposal 6: For RA triggered by PDCCH order in intra-cell MTRP, a PDCCH order sent by a TRP can trigger RACH procedure towards either the same TRP or a different TRP transparently to the UE. 
Proposal 7: An activated UL/joint TCI state should be mapped to each codepoint of a TCI field in a DCI format corresponding to a CORESETPoolIndex value. The mapping should be performed by a MAC CE including the CORESETPoolIndex value.
Proposal 8: If the UE capability is reported, a TAG ID should be included in a configured UL/joint TCI state.
Proposal 9: If the UE capability is not reported, a TAG ID should be implicitly determined by a CORESETPoolIndex associated with the activated UL/joint TCI state.
Proposal 10: Support to introduce a time gap X symbol(s) between two UL transmissions associated with two different TA values
Proposal 11: If a time offset between two non-scheduled UL transmissions that are logically TDMed is within a time gap X symbols(s), the legacy dropping rule should be applied to both UL transmissions.
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