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1. Introduction
New Work Item for Rel18 MIMO evolution was approved in RAN#94e [1]. The unified TCI framework was introduced in Rel-17 which facilitates a streamlined multi-beam operation targeting FR2. As Rel-17 focuses on single-TRP use cases, extension of unified TCI framework that focuses on multi-TRP use cases is seen beneficial and is targeted in Rel-18. Further, with the introduction of features for fast UL panel and beam selection in Rel-17, advanced UEs (e.g. CPE, FWA, vehicle, industrial devices) can benefit from higher UL coverage and average throughput with simultaneous UL multi-panel transmission. In addition, further enhancements to facilitate UL multi-TRP deployments via enhanced UL power control can offer additional UL performance improvement. These aspects are being discussed in this contribution following the related WI description as follows [1]:
	[bookmark: _Hlk510705081]    …
2.  Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing   on multi-TRP use case, using Rel-17 unified TCI framework.
…
6.  Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for    higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
0. UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
0. The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
0. UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
0. For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
    …
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.





1. Discussion

2.1	Extension for indication of multiple DL/UL TCI states 
The following general agreement related to unified TCI framework extension were made in RAN#109-e meeting that was the first meeting of Rel18:
	Agreement
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17
· Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP 





2.1.1	Multi-DCI
For TCI state update in m-DCI based MTRP, the following agreement was made in RAN1#109-e:
	Agreement
On unified TCI framework extension for M-DCI based MTRP, consider the following alternatives for TCI state update:
· Alt1: Reuse the same TCI state update scheme for S-DCI based MTRP
· Atl2: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate the joint/DL/UL TCI state(s) corresponding to the same CORESETPoolIndex value
· Alt3: Use the existing TCI field in any DCI format 1_1/1_2 (with or without DL assignment) to indicate all joint/DL/UL TCI states corresponding to both CORESETPoolIndex values
· Study the association between the indicated joint/DL/UL TCI state(s) and a CORESETPoolIndex value
· Alt4: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate joint/DL/UL TCI state(s) corresponding to the same or different CORESETPoolIndex value.
· Study whether the indicated joint/DL/UL TCI state(s) applies to the channels/signals associated with the same CORESETPoolIndex value or different CORESETPoolIndex value is indicated by DCI



One of the typical m-DCI M-TRP schemes is the one with non-ideal backhaul where TRPs are operating in some extent (lower layer operations like scheduling commands and HARQ) independently to each other when serving the UE. In addition, we see it important to have a low implementation complexity for m-DCI MTRP compared to Rel17 S-TRP unified TCI framework and Rel16 m-DCI M-TRP framework. Thus, our preference is Alt2.
[bookmark: _Ref111223171]Proposal 1: On unified TCI framework extension for M-DCI based MTRP, support Alt2: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate the joint/DL/UL TCI state(s) corresponding to the same CORESETPoolIndex value.
In the following, we discuss how unified TCI framework can be extended to M-DCI m-TRP framework. For instance, AP CSI-RS can follow Indicated TCI state of the CORESET of the triggering PDCCH. Determining of which of the Indicated TCI states is updated would be based on the coresetPoolIndex of the CORESET of the PDCCH transmitting the DCI carrying the Indicated TCI state update. In addition, PDSCH would follow the scheduling PDCCH as in Rel-17.
[bookmark: _Ref102135859]Observation 1: In m-DCI, AP CSI-RS can follow Indicated TCI state of the CORESET of the triggering PDCCH.
[bookmark: _Ref102135862]Observation 2: In m-DCI, determining of which of the Indicated TCI states is updated would be based on the coresetPoolIndex of the CORESET of the PDCCH transmitting the DCI carrying the Indicated TCI state update.
Regarding dedicated PUCCH resources, it would be needed to group the resources so that one set of resources would be associated to the first Indicated TCI state and other set of the resources would be associated to the second Indicated TCI state. There may be different alternatives to facilitate that, e.g. one alternative could be to define an association between a coresetPoolIndex and a set of PUCCH resources while the other alternative could be to define a separate grouping for the PUCCH resources.
As currently in Rel-17, for SRS resource (set) it’s provided in the configuration whether the SRS resource (set) follows Indicated TCI state or TCI state, it would need to be extended that the configuration should provide whether the SRS resource (set) follows the first Indicated TCI state, the second Indicated TCI state or TCI state. 
On the other hand, as currently (current Rel-17 version of 38.331) the CORESET configuration has a flag whether or not the CORESET follow Indicated TCI state as well as SRS resource set configuration. Thus, the extension would be needed at least for:
· configuration needs to be provided for dedicated PUCCH resource(s) that whether the resource(s) follow Indicated TCI state 1 or Indicated TCI state 2
· SRS resource (set) that whether the resource(s) follow Indicated TCI state 1, Indicated TCI state 2 or TCI state

[bookmark: _Ref102135881]Observation 3: In m-DCI, configuration needs to be provided for dedicated periodic/semi-persistent PUCCH resource(s) that whether the resource(s) follow Indicated TCI state 0 or Indicated TCI state 1.
[bookmark: _Ref102135892]Observation 4: In m-DCI, configuration needs to be provided for SRS resource (set) that whether the resource(s) follow Indicated TCI state 0, Indicated TCI state 1 or TCI state.
Following table summarizes how relationships between DL signal or channel and TCI state assumption could be defined in m-DCI case. 
Table 1 TCI state assumption for DL signals and channels in m-DCI case
	DL Signal or channel
	TCI state assumption

	CORESET with USS and coresetPoolIndex 0
	Indicated TCI state 0

	CORESET with CSS and coresetPoolIndex 0
	Configured in RRC whether Indicated TCI state 0 or TCI state

	AP CSI-RS resource (set)
	Configured in RRC whether Indicated TCI state of the CORESET of the triggering PDCCH or TCI state

	CORESET with USS and coresetPoolIndex 1
	Indicated TCI state 1

	CORESET with CSS and coresetPoolIndex 1
	Configured in RRC whether Indicated TCI state 1 or TCI state

	Periodic CSI-RS resource
	TCI state always configured in RRC.

	Semi-persistent CSI-RS resource
	TCI state configured in RRC and can be updated in MAC



[bookmark: _Ref111223355]Proposal 2: In M-DCI, for the CORESET associated with USS and coresetPoolIndex 0, TCI state assumption is the Indicated joint or DL TCI state 0.
[bookmark: _Ref111223359]Proposal 3: In M-DCI, for the CORESET associated with CSS and coresetPoolIndex 0, TCI state assumption configured in RRC whether it is the Indicated joint or DL TCI state 0 or TCI state.
[bookmark: _Ref111223367]Proposal 4: In M-DCI, for the AP CSI-RS resource (set) for BM and CSI, TCI state assumption is configured in RRC whether it is the Indicated joint or DL TCI state associated to coresetPoolIndex of the CORESET of the triggering PDCCH or joint or DL TCI state.
[bookmark: _Ref111223372]Proposal 5: In M-DCI, for the CORESET associated with USS and coresetPoolIndex 1, TCI state assumption is the Indicated joint or DL TCI state 1.
[bookmark: _Ref111223378]Proposal 6: In M-DCI, for the CORESET associated with CSS and coresetPoolIndex 1, TCI state assumption configured in RRC whether it is the Indicated joint or DL TCI state 1 or TCI state.
[bookmark: _Ref111223390]Proposal 7: In M-DCI, for the P-CSI-RS, TCI state assumption configured in RRC.
[bookmark: _Ref111223399]Proposal 8: In M-DCI, for the SP-CSI-RS, TCI state assumption configured in RRC and can be updated in MAC.

Following table summarizes how relationship between UL signal or channel and TCI state assumption could be defined in m-DCI case.
Table 2 TCI state assumption for UL signals and channels in m-DCI case
	UL Signal or channel
	TCI state assumption

	P-/SP-Dedicated PUCCH resource
	Configured in RRC whether Indicated joint or UL TCI state 0 or Indicated joint or UL TCI state 1

	DCI triggered dedicated PUCCH resource
	Indicated joint or UL TCI state associated to a coresetPoolIndex of the CORESET of the triggering PDCCH

	SRS resource (set)
	Configured in RRC whether Indicated joint or UL TCI state 0 or Indicated joint or UL TCI state 1 or joint or UL TCI state

	DCI triggered SRS resource (set)
	Indicated joint or DL TCI state associated to a coresetPoolIndex of the CORESET of the triggering PDCCH

	CG PUSCH type 1 and 2
	Configured in RRC whether Indicated joint or UL TCI state 0 or Indicated joint or UL TCI state 1

	DG PUSCH 0_0
	Indicated joint or UL TCI state of PUCCH resource ID 0

	DG PUSCH 0_1/0_2
	Joint or UL TCI state of indicated SRS resource



[bookmark: _Ref111223415]Proposal 9: In M-DCI, for the P-/SP-Dedicated PUCCH resource, TCI state assumption is configured in RRC whether Indicated joint or UL TCI state 0 or Indicated joint or UL TCI state 1.
[bookmark: _Ref111225019]Proposal 10: In M-DCI, for the DCI triggered dedicated PUCCH resource, TCI state assumption is the Indicated joint or UL TCI state associated to a coresetPoolIndex of the CORESET of the triggering PDCCH. 
[bookmark: _Ref111225028]Proposal 11: In M-DCI, for the SRS resource (set), TCI state assumption is configured in RRC whether Indicated joint or UL TCI state 0 or Indicated joint or UL TCI state 1 or joint or UL TCI state.
[bookmark: _Ref111225045]Proposal 12: In M-DCI, for the DCI triggered SRS resource (set), TCI state assumption is the Indicated joint or UL TCI state associated to a coresetPoolIndex of the CORESET of the triggering PDCCH.
[bookmark: _Ref111225055]Proposal 13: In M-DCI, for the CG PUSCH type 1 and 2, TCI assumption is configured in RRC whether Indicated joint or UL TCI state 0 or Indicated joint or UL TCI state 1.
[bookmark: _Ref111225059]Proposal 14: In M-DCI, for the DG PUSCH 0_0, TCI assumption is the Indicated joint or UL TCI state of PUCCH resource ID 0. 
[bookmark: _Ref111225073]Proposal 15: In M-DCI, for the DG PUSCH 0_1/0_2, TCI assumption is the joint or UL TCI state of the Indicated SRS resource.

2.1.2 Single-DCI
For TCI state indication in s-DCI based MTRP, the following agreement was made in RAN1#109-e:

	Agreement
On unified TCI framework extension at least for single-DCI based MTRP, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate multiple joint/DL/UL TCI states in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Detail of mapping joint/DL/UL TCI state ID(s) to a TCI codepoint, e.g., possible combinations of joint, DL, and/or UL TCI state IDs that can be mapped to a TCI codepoint
· FFS: Whether to increase the max number of MAC CE activated TCI codepoints, i.e., more than 8 codepoints
· FFS: Whether to increase the max number of TCI field bits, i.e., more than 3 bits
· Note: This doesn't imply that support of one additional TCI field or a field associating the TCI field to the TRP(s) is precluded
Note: The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS




We consider that main principle for updating the indicated TCI states for single-DCI based MTRP would be as follows (following as much as possible Rel17 principles):
· Single joint TCI state list or single DL TCI state and single UL TCI state list configured in RRC 
· MAC constructs TCI codepoint(s)
· DCI selects TCI codepoint and after the application time the UE assumes the TCI states of the codepoint as Indicated TCI states

In Rel17 the UE can be configured either joint or separate TCI states using higher layer configuration. We consider the same approach could be taken for Rel18 as well and mapping joint and/or separate TCI states to same codepoint or MAC CE activating TCI states is not supported.
[bookmark: _Ref111225088]Proposal 16: Support configuring UE either with joint TCI states or separate DL and UL TCI states in Rel18 by a higher layer (RRC) parameter.
In the case of separate DL and separate UL TCI states, one TCI codepoint may have up to 4 TCI states: 2 DL TCI and 2 UL TCI states. E.g. having two possible DL and two possible UL TCI states per TRP would require 16 different codepoints. For the flexibility it would make sense to increase the max number of MAC CE activated TCI codepoints e.g. up to 16.
[bookmark: _Ref111225095]Proposal 17: A single DCI codepoint can be configured to indicate multiple (e.g. two) joint TCI states or multiple separate DL and/or UL TCI States. 
[bookmark: _Ref111225115]Proposal 18: Support the max number of MAC CE activated TCI codepoints being 16.
[bookmark: _Ref111225125]Proposal 19: Support up to four-bit TCI field in DCI.
In s-DCI PDSCH schemes, some signals and channels, like CORESETs and PUCCHs, may be associated to a single Indicated TCI state (one of the two Indicated TCI states, if two indicated TCI states) while PDSCH transmission occasions and AP CSI-RSs would need two Indicated TCI states. This is to facilitate CSI acquisition from the intended PDSCH beams. 
[bookmark: _Ref102135936]Observation 5: In s-DCI PDSCH schemes, CORESETs and dedicated PUCCHs can be associated to a single Indicated TCI state, Indicated TCI state 0. 
[bookmark: _Ref102135941][bookmark: _Ref111225149]Observation 6: In s-DCI PDSCH schemes, AP CSI-RS resource (set) should be able to be associated to one of the (two) Indicated TCI state where one the of Indicated TCI states is the same as for the CORESET used for the PDCCH triggering the AP CSI-RS.
[bookmark: _Ref102135947]Observation 7: In s-DCI PDSCH schemes, when scheduled two PDSCHs (two PDSCH transmission occasions), one PDSCH would follow Indicated TCI state 0 and the other PDSCH would follow Indicated TCI state 1.
[bookmark: _Ref102135952]Observation 8: In s-DCI PUSCH schemes, configuration needs to be provided for SRS resource (set) that whether the resource(s) follow Indicated TCI state 0, Indicated TCI state 1 or TCI state.
In PDCCH repetition, repeated PDCCH candidates are linked, and of which search space sets are associated. The association means that TCI state assumption for each repeated PDCCH candidate is the TCI state of the CORESET to which the corresponding search space set is associated. In s-DCI mode coresetPoolIndex is not configured but for PDCCH repetition two CORESETs need to be provided different TCI state. Thus, in s-DCI mode it should be possible to provide for the CORESET either Indicated TCI state 0, Indicated TCI state 1 or TCI state. 
[bookmark: _Ref102136016]Observation 9: In s-DCI PDCCH repetition, it should be possible to associate a CORESET to either Indicated TCI state 0, Indicated TCI state 1 or TCI state.
In mTRP PUCCH schemes (mainly s-DCI), some PUCCH resources shall be associated to a single Indicated TCI state and other PUCCH resources shall be associated to two Indicated TCI states, and the consideration for other channels are not fully relevant for the operations defined for PUCCH repetition.
[bookmark: _Ref102136021][bookmark: _Ref111225199]Observation 10: For PUCCH repetition and to facilitate dynamic switching between sTRP and mTRP schemes, some PUCCH resource should be able to be associated to a single Indicated TCI state while other PUCCH resources should be able to be associated to two Indicated TCI states.
In SFN transmission for PDCCH, a CORESET is activated with two TCI states. In unified TCI framework SFN transmission for PDCCH could be facilitated by associating two Indicated TCI states, Indicated TCI state 0 and Indicated TCI state 1, to a single CORESET.
[bookmark: _Ref102136080]Observation 11: In unified TCI framework SFN transmission for PDCCH could be facilitated by associating two Indicated TCI states, Indicated TCI state 0 and Indicated TCI state 1, to a single CORESET.
Following table summarizes how relationship between DL signal or channel and TCI state assumption could be defined in s-DCI case.
Table 3 TCI state assumption for DL signals and channels in s-DCI case
	Signal or channel
	TCI state assumption

	CORESET with USS
	Indicated TCI state 0

	CORESET with USS for PDCCH repetition
	Configured in RRC whether Indicated TCI state 0 or Indicated TCI state 1

	CORESET with CSS
	Configured in RRC whether Indicated TCI state 0 or TCI state

	CORESET with CSS for PDCCH repetition
	Configured in RRC whether Indicated TCI state 0, Indicated TCI state 1 or TCI state

	CORESET with USS for SFN PDCCH transmission
	Indicated TCI state 0 and Indicated TCI state 1

	AP CSI-RS resource (set)
	Configured in RRC whether Indicated TCI state 0, Indicated TCI state 1 or TCI state

	First PDSCH
	Indicated TCI state 0

	Second PDSCH
	Indicated TCI state 1

	CSI-RS resource
	TCI state always configured in RRC



[bookmark: _Ref111225459]Proposal 20: In S-DCI, for the CORESET associated with USS, TCI state assumption is the Indicated joint or DL TCI state 0.
[bookmark: _Ref111225465]Proposal 21: In S-DCI, for the CORESET associated with USS for PDCCH repetition, TCI state assumption is configured in RRC whether it is Indicated TCI state 0 or Indicated TCI state 1.
[bookmark: _Ref111225473]Proposal 22: In S-DCI, for the CORESET associated with CSS, TCI state assumption configured in RRC whether it is Indicated TCI state 0 or TCI state.
[bookmark: _Ref111225496]Proposal 23: In S-DCI, for the CORESET associated with CSS for PDCCH repetition, TCI state assumption is configured in RRC whether it is Indicated TCI state of the CORESET of the triggering PDCCH, Indicated TCI state 1 or TCI state.
[bookmark: _Ref111225506]Proposal 24: In S-DCI, for the CORESET with USS for SFN PDCCH transmission, TCI state is assumption is Indicated TCI state 0 and Indicated TCI state 1. 
[bookmark: _Ref111225517]Proposal 25: In S-DCI, for the AP CSI-RS resource (set) for BM and CSI, TCI state assumption is configured in RRC whether Indicated TCI state 0, Indicated TCI state 1 or TCI state.
[bookmark: _Ref111225544]Proposal 26: In S-DCI, for the first PDSCH, TCI state assumption is the Indicated TCI state 0.
[bookmark: _Ref111225551]Proposal 27: In S-DCI, for the second PDSCH, TCI state assumption is the Indicated TCI state 1.
[bookmark: _Ref111225564]Proposal 28: In S-DCI, for the P-CSI-RS, TCI state assumption configured in RRC.
[bookmark: _Ref111225592]Proposal 29: In S-DCI, for the SP-CSI-RS, TCI state assumption configured in RRC and can be updated in MAC.

Following table summarizes how relationship between UL signal or channel and TCI state assumption could be defined in s-DCI case.
Table 4 TCI state assumption for UL signals and channels in s-DCI case
	Signal or channel
	TCI state assumption

	Dedicated PUCCH resource or dedicated PUCCH resource for repetition for S-TRP
	Indicated TCI state 0

	Dedicated PUCCH resource for repetition for M-TRP
	Indicated TCI state 0 and Indicated TCI state 1

	SRS resource (set)
	Configured in RRC whether Indicated TCI state 0 or Indicated TCI state 1 or TCI state

	CG PUSCH Type 1 and Type 2
	Configured in RRC whether Indicated TCI state 0 or Indicated TCI state 1

	DG PUSCH 0_0
	Indicated TCI state of PUCCH resource ID 0

	DG PUSCH 0_1/0_2
	TCI state of indicated SRS resource



[bookmark: _Ref111225612]Proposal 30: In S-DCI, for the dedicated PUCCH resource or dedicated PUCCH resource for repetition for S-TRP, TCI state assumption is Indicated joint or UL TCI state 0.
[bookmark: _Ref111225619]Proposal 31: In S-DCI, for the dedicated PUCCH resource for repetition for M-TRP, TCI state assumption is the Indicated joint or UL TCI state 0 and the Indicated joint or UL TCI state 1. 
[bookmark: _Ref111225629]Proposal 32: In S-DCI, for the SRS resource (set), TCI state assumption is configured in RRC whether it is Indicated joint or UL TCI state 0 or Indicated joint or UL TCI state 1 or joint or UL TCI state.
[bookmark: _Ref111225645]Proposal 33: In S-DCI, for the CG PUSCH type 1 and 2, TCI assumption is configured in RRC whether Indicated joint or UL TCI state 0 or Indicated joint or UL TCI state 1.
[bookmark: _Ref111225676]Proposal 34: In S-DCI, for the DG PUSCH 0_0, TCI assumption is the Indicated joint or UL TCI state of PUCCH resource ID 0. 
[bookmark: _Ref111225691]Proposal 35: In S-DCI, for the DG PUSCH 0_1/0_2, TCI assumption is the joint or UL TCI state of the indicated SRS resource.


2.1.2.1 Considerations on PUCCH resource groups: 
Based on the Rel-16 specifications, up to four PUCCH resource groups (per BWP) can be configured via RRC. The main intention of this feature was to enable different PUCCH resource groups to have different spatial relation info, i.e., simultaneous update/indication of a single spatial relation per group of PUCCH resources by using one MAC CE. The Rel-17 multi-TRP PUCCH enhancement then introduced the possibility to indicate a PUCCH resource with two spatial-relation info via MAC CE, where these spatial-relation infos are then applicable to the PUCCH resource group to which the PUCCH resource belongs.
Considering now the Rel-18 objective on extending the unified TCI framework for multi-TRP, when there are PUCCH resource groups configured, there would be a need for the UE to determine the association between indicated (UL or joint) one or two TCI states and one or more of the configured PUCCH resource groups. The following options to provide such an association to the UE could be foreseen: 
· Option 1: for the PUCCH that has a corresponding PDCCH, after the UE derives the PUCCH resource from the DCI field that indicates the PUCCH resource indicator (PRI), the UE can determine the PUCCH resource group that contains the derived PUCCH resource as the PUCCH resource group that should be associated to the indicated or applicable one/two (UL or joint) TCI states.
· Note that this approach somewhat follows similar logic as that for the Rel-17 M-TRP PUCCH operation mentioned above.
· Option 2: Explicit indication providing the UE with the association between indicated (UL or joint) one or two TCI states and one or more of the configured PUCCH resource groups.

[bookmark: _Ref111225707]Proposal 36: When PUCCH resource groups are configured, discuss the association between indicated (UL or joint) TCI states and these PUCCH resource groups to enable S-TRP and M-TRP PUCCH operations.

2.1.2.2 Dynamic switching between single-TRP and multi-TRP DL/UL operations, TRP selection and ordering:
For PDSCH: One may argue that the switching between S-TRP and M-TRP PDSCH operations, and dynamic TRP selection/ordering, could be achieved using TCI state codepoints in MAC CE (in a similar way as Rel-16 M-TRP PDSCH operation), however this would reduce the flexibility as, for example, 4 TCI codepoints would be needed to indicate first TCI state, second TCI state, first TCI state + second TCI state, or second TCI state + first TCI state; and this is even if the maximum number of codepoints is extend to 16. Also, relying on such an approach would incur delays in the switching mechanism as each PDCCH carrying TCI state indication should be first acknowledged by the UE as defined in Rel-17. Thus, for the case with two (DL or joint) indicated TCI states, the switching between S-TRP and M-TRP PDSCH operations may require an indication e.g. in the DCI scheduling the PDSCH. Such an indication could also be extended to be used for selecting which TCI state to use or which TCI state is used first for the S-TRP and M-TRP PDSCH operations, respectively.
[bookmark: _Ref111225720]Proposal 37: Support dynamic switching between S-TRP and M-TRP PDSCH operations, as well as TRP or TCI state ordering and selection for these operations.
· FFS the related details.

For PUSCH: An indication, similar to the one introduced in Rel-17 for M-TRP PUSCH repetition operation, would be needed for Rel-18. Specifically, when there are two indicated (UL or joint) TCI states, this indication would allow to dynamically select whether 
· both TCI states should be used for the PUSCH, i.e., M-TRP PUSCH operation is applicable, or 
· one TCI state, and if so, which TCI state should be used for the PUSCH, i.e., S-TRP PUSCH operation is applicable. 
This indication would then in a way be similar to the one suggested above for PDSCH.
[bookmark: _Ref111225744]Proposal 38: Support dynamic switching between S-TRP and M-TRP PUSCH operations, as well as TRP or TCI state ordering and selection for these operations.
· FFS: reuse similar method as for Rel-17 M-TRP/S-TRP PUSCH operations.

For PUCCH: Based on the TCI state determination for PUCCH (explained above), the UE would know whether/which one or two TCI states are associated with a PUCCH resource. Thus, the UE would know whether to apply S-TRP or M-TRP PUCCH repetition operation. Specifically, if the PUCCH resource is associated/indicated with two TCI states, then M-TRP PUCCH operation is applicable, whereas S-TRP PUCCH operation is applicable if the PUCCH resource is associated/indicated with one TCI state. On the TRP or TCI state ordering for the M-TRP PUCCH operation, the order of the TCI states associated/indicated for the PUCCH resource can be used.   
[bookmark: _Ref111225777]Proposal 39: Support dynamic switching between S-TRP and M-TRP PUCCH operations. 
· FFS: reuse similar method as for the Rel-17 M-TRP/S-TRP PUCCH operations. 

2.2 Beam indication for simultaneous multi-panel UL
In this section we discuss about beam indication for simultaneous multi-panel transmission. First, we discuss about capability value index reporting developed in Rel-17 and whether an extension is needed to facilitate simultaneous multi-panel UL transmissions. Then, we discuss about beam indication aspects.
2.2.1 Enhanced capability reporting
Rel-17 has introduced a panel capability aware beam reporting to support fast UL beam and panel selection for single panel UL transmission as described in the following RAN1#108-e agreements and conclusion:
	Agreement
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, support the UE reporting a list of UE capability value [sets]
· Each UE capability value [set] comprises the max supported number of SRS ports
· Any two capability values [sets] are different 
· Whether the UE capability value [set] can be common across all BWPs/CCs in same band or BC can be discussed in UE feature session

Agreement
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, UE can report one index of UE capability value [set] for each reported CRI/SSBRI in one beam reporting.
Conclusion
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, there is no consensus in supporting indication of DL-only panel using one value [set] of the max supported number of SRS ports 

Agreement
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, all types of time-domain behavior, i.e., periodic, semi-persistent, and aperiodic reporting, are supported for the enhanced beam report with index(es) of UE capability value [set].
· Support of aperiodic and semi-persistent reporting is optional 




Rel-17 new reporting was designed with a single panel PUSCH (codebook based PUSCH) in mind. Thus, for instance two panels at the UE side having the same number of SRS antenna ports are seen at the gNB side as one panel due to the following agreement:

	Agreement
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, support the UE reporting a list of UE capability value [sets]
· …
· Any two capability values [sets] are different 
· …



 
In other words, the UE may report two different SSBRIs/CRIs with the same capability value index but the gNB cannot determine whether the UE has measured the reported SSBRIs/CRIs with the same or different panel. Thus, the gNB cannot get aware based on Rel-17 reporting whether the UE would be able to transmit to different TRPs with one panel (e.g., in TDM manner) or with two different panels (e.g., in FDM or SDM manner) at a time. Thus, we think that it would be beneficial to extend the Rel-17 capability value index reporting to support also simultaneous multi-panel uplink transmission. In the enhanced reporting, the report should carry information about UE’s simultaneous transmission possibility of two panels.
[bookmark: _Ref102136830]Observation 12: The UE may report two different SSBRIs/CRIs with the same capability value index but the gNB cannot determine whether the UE has measured the reported SSBRIs/CRIs with the same or different panel. Thus, the gNB cannot get aware based on Rel-17 reporting whether the UE would be able to transmit to different TRPs with one panel (e.g., in TDM manner) or with two different panels (e.g., in FDM or SDM manner) at a time.
[bookmark: _Ref102136846][bookmark: _Ref111225856]Proposal 40: Enhance capability value index reporting to carry information to gNB on whether or not the UE is able to transmit simultaneously from two panels, where the panels may have same or different maximum number of SRS ports.
2.2.2 Enhanced reporting to alleviate inter-beam interference in simultaneous multi-panel uplink transmissions
In multi-TRP scenario the distance and radio conditions between the transmitting panels and receiving TRPs may differ quite much. For the uplink transmission, an open loop power control is applied that aims at compensating the higher path loss by the higher transmission power. Thus, the panels transmitting simultaneously may be having quite different EIRP per resource element/subcarrier. Even though the transmit beams may be spatially separated (main lobes), the higher EIRP panel may have sidelobes in relatively high level compared to the main lobe of the transmit beam of the other panel. Depending on the transmit beams the higher EIRP panel may cause high interference with its side lobes to the receiving TRP of the other panel with lower EIRP. In that case, FDM transmission scheme may be preferred over the SDM scheme while in other cases SDM may be preferred. 
Then the question is that how the gNB could get aware of the situation so that it could make a proper transmission scheme selection for the simultaneous multi-panel uplink transmission. One way to determine feasible transmission scheme is when the SRS transmissions are received and potential precoder matrix/matrices are estimated at the gNB side. Another way could be to consider how the UE would choose RSs for reporting as potential source RSs to determine uplink transmit spatial filters. Let’s denote RS1 as the candidate spatial source RS for the first panel towards the first TRP and RS2 as the candidate spatial source RS for the second panel towards the second TRP. Both panels measure using their intended TX beam (TX beam of first panel according to RS1 and TX beam of second panel according to RS2) as RX beam RSRP of both spatial source RSs. Then if the RSRP of RS1 measured by the second panel is in the same level as the RSRP of RS1 measured by the first panel, or if the RSRP of RS2 measured by the first panel is in the level as the RSRP of RS2 measured by the second panel, there may be an inter-beam interference issue and e.g. SDM may not be feasible but rather FDM would be preferable in this case. In the beam reporting the UE could inform gNB about feasible pairs of DL RSs to determine uplink spatial transmit filters and feasible multiplexing method(s) (SDM, FDM, SFN or TDM). DL RSs could also reflect the QCL-Type D RSs of the indicated TCI states.
[bookmark: _Ref111225868]Proposal 41: Study schemes to alleviate the inter-beam interference issue for simultaneous multi-panel uplink transmissions. 
[bookmark: _Ref111225880]Proposal 42: Consider UE to report information regarding feasible multiplexing schemes of simultaneous two-panel UL PUSCH based on DL RS measurements where DL RSs represent the candidate UL TX beams. 

2.2.3 Beam indication for single-DCI and multi-DCI modes
Once the reporting capability is defined/supported to enable the simultaneous UL transmission operation, both UE and gNB would have same understanding on which panels and UL/joint TCI states could be used for simultaneous UL transmissions. Then, for two UL/joint TCI states, both the UE and gNB would know whether the UE can perform simultaneous UL transmissions or not using these two TCI states, where each TCI state would be mapped to a different UL transmission(s) of the simultaneous UL transmission operation. 
Hence, if the gNB decides to schedule the UE with simultaneous UL transmissions, the gNB would need to have two indicated UL/joint TCI states corresponding to capability value set indices / panels for which the UE has already indicated the capability of simultaneous transmissions using these panels / TCI states – through for example the enhanced reporting suggested in the previous subsections.    
Note that the above reasoning could be applicable for simultaneous UL transmissions scheduled via single-DCI mode or multi-DCI mode.
[bookmark: _Ref102136866]Observation 13: Enhanced capability value set reporting to enable beam indication for simultaneous UL transmissions could be used for both single-DCI and multi-DCI modes.
In general, for single-DCI and multi-DCI modes, it’s expected that the beam indication for simultaneous UL transmissions would follow the respective operations that will be defined to enable Rel-18 multi-TRP UL operations considering unified TCI framework; we discuss such operations in Sec. 2.1.
[bookmark: _Ref102136927]Observation 14: For single-DCI and multi-DCI modes, it’s expected that the beam indication for simultaneous UL transmissions would follow the respective operations that will be defined to generally enable Rel-18 multi-TRP UL operations considering unified TCI framework.

2.3 UL Power control
In this section, we discuss potential UL power control enhancements for UL single-DCI for multi-TRP operation considering unified TCI framework, as captured in the Rel-18 objective below: 
	6. Study, and if justified, specify the following 
a. Two TAs for UL multi-DCI for multi-TRP operation 
b. 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.



2.3.1 General power control enhancements
In RAN1#109-e, the support of the extension of the Rel-17 unified TCI framework in terms of power control for PUCCH/PUSCH was agreed as follows:

	Agreement
On unified TCI framework extension, if an indicated joint or UL TCI state applies to a PUSCH /PUCCH transmission occasion at least for S-DCI based PUSCH/PUCCH repetition with TDM and the indicated joint or UL TCI state is associated with an UL PC parameter setting for PUSCH /PUCCH (including P0, alpha for PUSCH , and closed loop index) and a PL-RS, the UE should apply the UL PC parameter setting and the PL-RS for the PUSCH /PUCCH transmission occasion.
· FFS: How to extend to other Rel-18 MTRP scheme(s) with STxMP, if supported 
· FFS: UL PC enhancement for CB and non-CB SRS in above case
FFS: The applied UL PC parameter setting if one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH 




On the first FFS point in the above agreement, we think that the agreed operation would also apply to Rel-18 M-TRP with STxMP. Whether additional enhancements are needed can be further discussed once the support of STxMP is agreed.

On the other hand, it’s worth recalling that Rel-17 introduced some power control enhancements for multi-TRP PUCCH/PUSCH operations, such as:
· the possibility for the gNB to configure a second TPC command field in DCI (formats 1_1/1_2 and 0_1/0_2) for both multi-TRP PUCCH and PUSCH operations,
· the possibility to indicate two open-loop power control parameter P0 values for M-TRP PUSCH operation, in case there is no SRI field in DCI (format 0_1 and 0_2).
 
Considering the extension of the Rel-17 unified TCI framework to multi-TRP use cases in Rel-18, the following can be observed on the Rel-17 M-TRP power control enhancements (for single-DCI mode):
· The Rel-17 enhancements on introducing a second TPC command field in DCI for both multi-TRP PUCCH and PUSCH operations could be used in Rel-18. Specifically, a second TPC command field can be configured in DCI, and for a multi-TRP PUSCH/PUCCH operation considering two indicated TCI states (each associated with a different closed-loop index), first and second indicated TPC commands would apply to UL transmissions/repetitions mapped to a first and second TCI states, respectively; this assumes that these two TCI states are associated to different closed-loop indexes.
· If the second TPC field is not configured, indicated TPC command applies to UL transmissions/repetitions mapped to both first and second TCI states.
· Note that the Rel-17 enhancement to indicate two open-loop power control parameter P0 values for M-TRP PUSCH operation is inherited in the Rel-17 unified TCI framework design, since P0 is associated with an UL or joint TCI state. And the extension of this feature to M-TRP has been agreed in RAN1#109-e, as shown earlier.    

[bookmark: _Ref111225933]Proposal 43: For Rel-18 multi-TRP PUSCH/PUCCH operations under unified TCI framework, reuse the Rel-17 multi-TRP power control enhancement as follows: 
· a second TPC field can be configured in DCI formats 1_1/1_2 and 0_1/0_2 to support per-TRP closed-loop power control. Specifically, first and second indicated TPC commands would apply to UL transmissions/repetitions mapped to first and second indicated TCI states, respectively;
· if the second TPC field is not configured, indicated TPC command applies to UL transmissions/repetitions mapped to both first and second indicated TCI states.

2.3.2 Power control related enhancements considering multi-panel UE and simultaneous UL transmissions
In legacy operations, PCMAX,f,c, which basically represents the maximum allowed power for a UE for its UL transmissions, is defined per carrier for a serving cell. For simultaneous UL transmissions, where two PUSCHs or two PUCCHs that overlap in time would be (simultaneously) transmitted on the same carrier, and more generally for multi-panel UE, one important point to discuss and decide is whether to keep PCMAX per carrier or whether to define panel specific PCMAX. Panel specific PCMAX may be needed, when, for example, panel-specific UE power class (e.g., due to different PA characteristics for each panel) is introduced, or panel specific MPR related considerations are assumed, etc.
A related discussion happened in RAN1#109-e, where it was agreed to send an LS to RAN4 in order to check some related aspects, such as whether it’s feasible to assume power limitation per panel or over all UE panels for STxMP, as captured in the below agreement: 
	Agreement
On UE power limitation for STxMP for FR2, send LS to RAN4 to check the followings:
· Whether it is feasible to assume power limitation per panel for STxMP (Assumption 1)
· Whether it is feasible to assume a total power limitation per UE over all UE panels used for STxMP (Assumption 2)
· In either of Assumption1 or Assumption 2, whether the total power limitation per UE over all UE panels used for STxMP or the sum of per-panel power limitation for STxMP can be different from (greater than) the existing power limitation for a given power class?
· If both Assumption 1 and Assumption 2 are feasible, whether both assumptions can be applied to a same UE, and what is the relationship between the per-panel power limitation and total power limitation if both are applied (e.g., the sum of per-panel power limitation can be larger than the total power limitation per UE, or should be always the same)?
FFS: Detail of exact LS if agreed
Note: Scenarios of above include at least single carrier scenario for FR2
Note: Above power limitation includes both total radiated power and EIRP
LS to RAN4 is endorsed in R1-2205639.



In FR2, typically UE devices are having a distributed PA architecture where the PA is part of the mmW module instead of a PA that can be switched to different antennas which is the typical architecture assumption in FR1. The distributed PA architecture means that there is a low power PA per antenna element or per small set of antenna elements within a panel. That means that antenna panels are having their own Pas, in contrast to FR1 where multiple antennas may be switched to PA(s). 
[bookmark: _Ref111225963]Observation 15: In FR2, typically devices are equipped with a distributed PA architecture where each antenna panel is having its own PA(s).
That makes the Assumption1 (Power limitation per panel for STxMP) more suitable for UEs to be adopted in FR2, especially for the high-power class UE devices as targeted in Rel18: FWA, CPE, Vehicular, etc. In addition, as uplink coverage is typically the bottleneck the higher total EIRP would be beneficial to alleviate uplink coverage issues.
[bookmark: _Ref111225977]Proposal 44: Support at least Assumption 1: Power limitation per panel for STxMP.
Once the above aspects are clarified, PH (power headroom) aspect would need to be discussed. It’s worth recalling that Rel-17 introduced the reporting of two PHs for multi-TRP PUSCH operation. This could be used as a starting point for the Rel-18 discussions on PH aspects for simultaneous UL transmissions, and more generally for multi-panel transmissions.
[bookmark: _Ref111225985]Proposal 45: RAN1 to discuss PH (power headroom) aspects considering the Rel-18 schemes with simultaneous UL transmissions.  
Further, given that Rel-18 MIMO objective 6 is targeting “CPE/FWA/vehicle/industrial devices”, it should be discussed whether MPE issues would need to be considered in the study. In other words, it should be discussed whether, for instance, some industrial devices can be handheld devices or not. Based on this, RAN1 could decide whether, considering Rel-17 MPE reporting as a basis, some MPE enhancements for simultaneous UL transmission operation are needed. 
[bookmark: _Ref111226005]Proposal 46: Decide whether MPE is an issue considering the targeted devices in the Rel-18 objective on simultaneous UL transmissions.  

3.	Conclusions
Based on the discussion above we made the following observations and proposals:
Extension for indication of multiple DL/UL TCI states:
Proposal 1: On unified TCI framework extension for M-DCI based MTRP, support Alt2: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate the joint/DL/UL TCI state(s) corresponding to the same CORESETPoolIndex value.
Observation 1: In m-DCI, AP CSI-RS can follow Indicated TCI state of the CORESET of the triggering PDCCH.
Observation 2: In m-DCI, determining of which of the Indicated TCI states is updated would be based on the coresetPoolIndex of the CORESET of the PDCCH transmitting the DCI carrying the Indicated TCI state update.
Observation 3: In m-DCI, configuration needs to be provided for dedicated periodic/semi-persistent PUCCH resource(s) that whether the resource(s) follow Indicated TCI state 0 or Indicated TCI state 1.
Observation 4: In m-DCI, configuration needs to be provided for SRS resource (set) that whether the resource(s) follow Indicated TCI state 0, Indicated TCI state 1 or TCI state.
Proposal 2: In M-DCI, for the CORESET associated with USS and coresetPoolIndex 0, TCI state assumption is the Indicated joint or DL TCI state 0.
Proposal 3: In M-DCI, for the CORESET associated with CSS and coresetPoolIndex 0, TCI state assumption configured in RRC whether it is the Indicated joint or DL TCI state 0 or TCI state.
Proposal 4: In M-DCI, for the AP CSI-RS resource (set) for BM and CSI, TCI state assumption is configured in RRC whether it is the Indicated joint or DL TCI state associated to coresetPoolIndex of the CORESET of the triggering PDCCH or joint or DL TCI state.
Proposal 5: In M-DCI, for the CORESET associated with USS and coresetPoolIndex 1, TCI state assumption is the Indicated joint or DL TCI state 1.
Proposal 6: In M-DCI, for the CORESET associated with CSS and coresetPoolIndex 1, TCI state assumption configured in RRC whether it is the Indicated joint or DL TCI state 1 or TCI state.
Proposal 7: In M-DCI, for the P-CSI-RS, TCI state assumption configured in RRC.
Proposal 8: In M-DCI, for the SP-CSI-RS, TCI state assumption configured in RRC and can be updated in MAC.
Proposal 9: In M-DCI, for the P-/SP-Dedicated PUCCH resource, TCI state assumption is configured in RRC whether Indicated joint or UL TCI state 0 or Indicated joint or UL TCI state 1.
Proposal 10: In M-DCI, for the DCI triggered dedicated PUCCH resource, TCI state assumption is the Indicated joint or UL TCI state associated to a coresetPoolIndex of the CORESET of the triggering PDCCH.
Proposal 11: In M-DCI, for the SRS resource (set), TCI state assumption is configured in RRC whether Indicated joint or UL TCI state 0 or Indicated joint or UL TCI state 1 or joint or UL TCI state.
Proposal 12: In M-DCI, for the DCI triggered SRS resource (set), TCI state assumption is the Indicated joint or UL TCI state associated to a coresetPoolIndex of the CORESET of the triggering PDCCH.
Proposal 13: In M-DCI, for the CG PUSCH type 1 and 2, TCI assumption is configured in RRC whether Indicated joint or UL TCI state 0 or Indicated joint or UL TCI state 1.
Proposal 14: In M-DCI, for the DG PUSCH 0_0, TCI assumption is the Indicated joint or UL TCI state of PUCCH resource ID 0.
Proposal 15: In M-DCI, for the DG PUSCH 0_1/0_2, TCI assumption is the joint or UL TCI state of the Indicated SRS resource.
Proposal 16: Support configuring UE either with joint TCI states or separate DL and UL TCI states in Rel18 by a higher layer (RRC) parameter.
Proposal 17: A single DCI codepoint can be configured to indicate multiple (e.g. two) joint TCI states or multiple separate DL and/or UL TCI States. 
Proposal 18: Support the max number of MAC CE activated TCI codepoints being 16.
Proposal 19: Support up to four-bit TCI field in DCI.
Observation 5: In s-DCI PDSCH schemes, CORESETs and dedicated PUCCHs can be associated to a single Indicated TCI state, Indicated TCI state 0.
Observation 6: In s-DCI PDSCH schemes, AP CSI-RS resource (set) should be able to be associated to one of the (two) Indicated TCI state where one the of Indicated TCI states is the same as for the CORESET used for the PDCCH triggering the AP CSI-RS.
Observation 7: In s-DCI PDSCH schemes, when scheduled two PDSCHs (two PDSCH transmission occasions), one PDSCH would follow Indicated TCI state 0 and the other PDSCH would follow Indicated TCI state 1.
Observation 8: In s-DCI PUSCH schemes, configuration needs to be provided for SRS resource (set) that whether the resource(s) follow Indicated TCI state 0, Indicated TCI state 1 or TCI state.
Observation 9: In s-DCI PDCCH repetition, it should be possible to associate a CORESET to either Indicated TCI state 0, Indicated TCI state 1 or TCI state.
Observation 10: For PUCCH repetition and to facilitate dynamic switching between sTRP and mTRP schemes, some PUCCH resource should be able to be associated to a single Indicated TCI state while other PUCCH resources should be able to be associated to two Indicated TCI states.
Observation 11: In unified TCI framework SFN transmission for PDCCH could be facilitated by associating two Indicated TCI states, Indicated TCI state 0 and Indicated TCI state 1, to a single CORESET.
Proposal 20: In S-DCI, for the CORESET associated with USS, TCI state assumption is the Indicated joint or DL TCI state 0.
Proposal 21: In S-DCI, for the CORESET associated with USS for PDCCH repetition, TCI state assumption is configured in RRC whether it is Indicated TCI state 0 or Indicated TCI state 1.
Proposal 22: In S-DCI, for the CORESET associated with CSS, TCI state assumption configured in RRC whether it is Indicated TCI state 0 or TCI state.
Proposal 23: In S-DCI, for the CORESET associated with CSS for PDCCH repetition, TCI state assumption is configured in RRC whether it is Indicated TCI state of the CORESET of the triggering PDCCH, Indicated TCI state 1 or TCI state.
Proposal 24: In S-DCI, for the CORESET with USS for SFN PDCCH transmission, TCI state is assumption is Indicated TCI state 0 and Indicated TCI state 1.
Proposal 25: In S-DCI, for the AP CSI-RS resource (set) for BM and CSI, TCI state assumption is configured in RRC whether Indicated TCI state 0, Indicated TCI state 1 or TCI state.
Proposal 26: In S-DCI, for the first PDSCH, TCI state assumption is the Indicated TCI state 0.
Proposal 27: In S-DCI, for the second PDSCH, TCI state assumption is the Indicated TCI state 1.
Proposal 28: In S-DCI, for the P-CSI-RS, TCI state assumption configured in RRC.
Proposal 29: In S-DCI, for the SP-CSI-RS, TCI state assumption configured in RRC and can be updated in MAC.
Proposal 30: In S-DCI, for the dedicated PUCCH resource or dedicated PUCCH resource for repetition for S-TRP, TCI state assumption is Indicated joint or UL TCI state 0.
Proposal 31: In S-DCI, for the dedicated PUCCH resource for repetition for M-TRP, TCI state assumption is the Indicated joint or UL TCI state 0 and the Indicated joint or UL TCI state 1.
Proposal 32: In S-DCI, for the SRS resource (set), TCI state assumption is configured in RRC whether it is Indicated joint or UL TCI state 0 or Indicated joint or UL TCI state 1 or joint or UL TCI state.
Proposal 33: In S-DCI, for the CG PUSCH type 1 and 2, TCI assumption is configured in RRC whether Indicated joint or UL TCI state 0 or Indicated joint or UL TCI state 1.
Proposal 34: In S-DCI, for the DG PUSCH 0_0, TCI assumption is the Indicated joint or UL TCI state of PUCCH resource ID 0.
Proposal 35: In S-DCI, for the DG PUSCH 0_1/0_2, TCI assumption is the joint or UL TCI state of the indicated SRS resource.
Proposal 36: When PUCCH resource groups are configured, discuss the association between indicated (UL or joint) TCI states and these PUCCH resource groups to enable S-TRP and M-TRP PUCCH operations.
Proposal 37: Support dynamic switching between S-TRP and M-TRP PDSCH operations, as well as TRP or TCI state ordering and selection for these operations.
· FFS the related details.
Proposal 38: Support dynamic switching between S-TRP and M-TRP PUSCH operations, as well as TRP or TCI state ordering and selection for these operations.
· FFS: reuse similar method as for Rel-17 M-TRP/S-TRP PUSCH operations.

Proposal 39: Support dynamic switching between S-TRP and M-TRP PUCCH operations.
· FFS: reuse similar method as for the Rel-17 M-TRP/S-TRP PUCCH operations. 

Beam indication for simultaneous multi-panel UL:
Observation 12: The UE may report two different SSBRIs/CRIs with the same capability value index but the gNB cannot determine whether the UE has measured the reported SSBRIs/CRIs with the same or different panel. Thus, the gNB cannot get aware based on Rel-17 reporting whether the UE would be able to transmit to different TRPs with one panel (e.g., in TDM manner) or with two different panels (e.g., in FDM or SDM manner) at a time.
Proposal 40: Enhance capability value index reporting to carry information to gNB on whether or not the UE is able to transmit simultaneously from two panels, where the panels may have same or different maximum number of SRS ports.
Proposal 41: Study schemes to alleviate the inter-beam interference issue for simultaneous multi-panel uplink transmissions.
Proposal 42: Consider UE to report information regarding feasible multiplexing schemes of simultaneous two-panel UL PUSCH based on DL RS measurements where DL RSs represent the candidate UL TX beams.
Observation 13: Enhanced capability value set reporting to enable beam indication for simultaneous UL transmissions could be used for both single-DCI and multi-DCI modes.
Observation 14: For single-DCI and multi-DCI modes, it’s expected that the beam indication for simultaneous UL transmissions would follow the respective operations that will be defined to generally enable Rel-18 multi-TRP UL operations considering unified TCI framework.
UL Power control:
Proposal 43: For Rel-18 multi-TRP PUSCH/PUCCH operations under unified TCI framework, reuse the Rel-17 multi-TRP power control enhancement as follows:
· a second TPC field can be configured in DCI formats 1_1/1_2 and 0_1/0_2 to support per-TRP closed-loop power control. Specifically, first and second indicated TPC commands would apply to UL transmissions/repetitions mapped to first and second indicated TCI states, respectively;
· if the second TPC field is not configured, indicated TPC command applies to UL transmissions/repetitions mapped to both first and second indicated TCI states.

Observation 15: In FR2, typically devices are equipped with a distributed PA architecture where each antenna panel is having its own PA(s).
Proposal 44: Support at least Assumption 1: Power limitation per panel for STxMP.
Proposal 45: RAN1 to discuss PH (power headroom) aspects considering the Rel-18 schemes with simultaneous UL transmissions.
Proposal 46: Decide whether MPE is an issue considering the targeted devices in the Rel-18 objective on simultaneous UL transmissions.
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