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1. Introduction
In RAN#94-e meeting, a new Rel-18 WID on MIMO [1] was agreed. From 7 objectives, there are three objectives for extension of unified TCI framework, as shown below.
	1. 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.
[…]
1. 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)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· 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.
· 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
· 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.
1. 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 discuss unified TCI framework related enhancements.
2. Unified TCI framework extension for multi-TRP (M-TRP) 
2.1 Applicable scenarios
In RAN1#109-e meeting, it was agreed all intra/inter cell M-TRP schemes in Rel.16-17 are supported for unified TCI framework extension.
	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 


On the other hand, Rel.18 supports M-TRP CJT (Coherent Joint Transmission). Although the max number of TRPs for CJT is not decided yet, it was agreed in RAN1#109-e that the work scope of CJT includes up to 4 TRPs. It means the number of TCI states for PDSCH(s) for M-TRP CJT could be up to 4. For enhancement of unified TCI framework, whether to support applying multiple joint/DL TCI states simultaneously to CJT-based PDSCH reception(s) should be discussed.
In our view, enhanced unified TCI framework should support M-TRP CJT. If not, gNB needs to use Rel.15/16 TCI state/spatial relation for M-TRP CJT. However, in unified TCI framework in Rel.17, UE does not expect to be configured both Rel.15/16 TCI state/spatial relation and Rel.17 unified TCI state in the same band, i.e. gNB cannot configure one UE feature using Rel.15/16 TCI state/spatial relation and another UE feature using Rel.17 unified TCI state in the same band. Hence, if unified TCI framework in Rel.18 does not support M-TRP CJT, gNB would not be able to configure M-TRP CJT in most cases.
Note that supporting up to 4 TRPs in M-TRP CJT does not mean the unified TCI framework extension should support up to 4 TCI states. In AI 9.1.2, even though up to 4 TRPs (i.e. CMR from 4 TRPs) are configured in a CSI reporting configuration, it does not mean UE has to report CJT CSI assuming 4 TRP CJT. In future discussion, companies may add restriction that UE selects only 2 TRP CJT CSI for reporting. Hence, regarding how many indicated TCI states is actually needed for M-TRP CJT, we should wait for the outcome of AI 9.1.2.
Proposal 2-1:
· Support applying multiple joint/DL TCI states simultaneously to CJT-based PDSCH reception(s).
· For the number of indicated TCI states necessary for M-TRP CJT, we should wait for the outcome of AI 9.1.2.

2.2 Extension of Rel.17 TCI framework
In Rel.16/17, single-DCI based M-TRP and multi-DCI based M-TRP are specified to support two different scenarios. One scenario is ideal backhaul between TRPs, and one DCI from one TRP can schedule two PDSCHs from two TRPs. The other scenario is ideal/non-ideal backhaul between TRPs, and one DCI from one TRP can schedule one PDSCH from one TRP. 
For unified TCI framework in Rel.17, RRC/MAC CE/DCI indicates one “indicated TCI state” (i.e. 1 joint TCI states, or 1 DL TCI states and/or 1 UL TCI states), which is applied to multiple UL/DL channels/RSs. To support M-TRP operation, unified TCI framework should be extended to indicate two “indicated TCI states” (i.e. up to 2 joint TCI states, or up to 2 DL TCI states and/or up to 2 UL TCI states). Rel.18 extension of unified TCI framework should take into account the differences of the two scenarios of single-DCI based M-TRP and multi-DCI based M-TRP. For example, for single-DCI based M-TRP, since the target scenario is for ideal backhaul, one beam indication DCI can indicate one or two “indicated TCI state(s)”. Meanwhile, for multi-DCI based M-TRP, since the target scenario is for ideal/non-ideal backhaul, one beam indication DCI can indicate one “indicated TCI state”. 
[image: ]
a) Single DCI based M-TRP                                   b) Multi DCI based M-TRP
Figure 2-1. Indication of two “indicated TCI states”.

In RAN1#109-e meeting, it was agreed that one beam indication DCI can indicate multiple joint/DL/UL TCI state ID(s) for single-DCI based M-TRP. However, for multi-DCI based M-TRP, since the target scenario is ideal/non-ideal backhaul between TRPs, it is not appropriate to reuse the same mechanism (i.e. one beam indication DCI indicates multiple joint/DL/UL TCI state ID(s) for M-TRPs) for multi-DCI based M-TRP.
Proposal 2-2:
· Specify different beam indication mechanism for single-DCI based M-TRP and multi-DCI based M-TRP to support unified TCI framework for M-TRP.
· For multi-DCI based M-TRP (for ideal/non-ideal backhaul scenario):
· One beam indication DCI associated with a CORESETPoolIndex indicates one “indicated TCI state” for the CORESETPoolIndex (i.e., a DCI transmitted by a TRP does not update indicated TCI states for another TRP).

In Rel.17 unified TCI framework, TCI state field of DCI format 1_1/1_2 (with/without DL assignment) can indicate “indicated TCI state”. In Rel.18 TCI state, similar mechanism can be considered. One discussion point is whether to add second TCI state field in DCI format 1_1/1_2. From our perspective, we don’t see the necessity to add new TCI state field. Similar to Rel.16 single DCI based M-TRP, one TCI codepoint can indicate one or multiple TCI states.
In Rel.15/16, the size of TCI state field is fixed as 3bit in DCI format 1_1 and configurable 0~3bit in DCI format 1_2. To support multiple “indicated TCI state”, 3bit may not be enough for some cases. Hence, whether to increase the size of TCI state field can be discussed. Also, fixed 3bit TCI state field in DCI format 1_1 is not flexible, it would be more preferred to consider RRC configurable size of TCI state field in DCI format 1_1.
Proposal 2-3:
· For both single-DCI based and multi-DCI based M-TRP, reuse one TCI state field (i.e. not adding second TCI state field).
· Discuss whether to increase the max. number of bits for TCI state field in DCI format 1_1/1_2.
· Consider RRC configurable size of TCI state field in DCI format 1_1.

Table 2-1 summarizes an applicable condition of indicated TCI state for PDCCH/PDSCH in Rel.17. For some cases, whether indicated TCI state is applied to PDCCH/PDSCH is determined by the configuration of followUnifiedTCIstate. We believe this basic principle should be reused in Rel.18 unified TCI extension for M-TRP.
Proposal 2-4:
· For both single-DCI based and multi-DCI based M-TRP, reuse mechanism of using followUnifiedTCIstate to indicate whether to follow indicated TCI state or not for PDCCH/PDSCH.

Table 2-1. Applicable condition of indicated TCI state for PDCCH/PDSCH in Rel.17.
	Channels
	Applied condition of “indicated TCI state”

	PDCCH
	· [bookmark: _Hlk111046653]For CORESET 0, if followUnifiedTCIstate is configured, “indicated TCI state” is applied; else, reuse Rel.15 spec. (i.e. MAC CE activated TCI state or QCLed with SSB of last PRACH tx).
· CORESET (except 0) with only USS and/or CSS type 3, always “indicated TCI state” is applied.
· CORESET (except 0) with at least CSS except CSS type 3, if followUnifiedTCIstate is configured, “indicated TCI state” is applied; else, configured TCI state of the CORESET is applied.

	PDSCH
	If scheduling offset < threshold (timeDurationForQCL), regardless of configuration of followUnifiedTCIstate,
· If indicated TCI state is associated with additional PCI, Rel.15 default QCL assumption is used.
· Else, always indicated TCI state is applied.
Elseif scheduling offset >= threshold (timeDurationForQCL), 
· TCI state of PDSCH is derived from the scheduling CORESET.



For PDSCH/A-CSI-RS, default QCL assumption (i.e. QCL assumption if scheduling offset < threshold) is specified in Rel.17. This is because before finishing blind detection of scheduling DCI (i.e. if scheduling offset < threshold), UE has no idea whether/which DCI schedules PDSCH/A-CSI-RS, and UE needs to buffer received signal in advance with a certain QCL assumption (i.e. default QCL assumption). For both single-DCI based and multi-DCI based M-TRP, default QCL assumption (i.e. QCL assumption if scheduling offset < threshold) for PDSCH/A-CSI-RS in unified TCI framework should be specified. We believe default QCL assumption is very important, because gNB usually schedules PDSCH with scheduling offset < threshold in real network. In Rel.16, default QCL assumption for single-DCI based and multi-DCI based M-TRP were specified in Rel.15 TCI state framework. In Rel.18, default QCL for unified TCI framework should be enhanced to support single-DCI based and multi-DCI based M-TRP with scheduling offset < threshold.
Proposal 2-5:
· For both single-DCI based and multi-DCI based M-TRP, default QCL assumption (i.e. QCL assumption if scheduling offset < threshold) for PDSCH/A-CSI-RS in unified TCI framework should be specified.

2.3 Single-DCI based M-TRP
Beam indication
For joint TCI state, figure 2-2 a) illustrates concept of unified TCI extension for single DCI based M-TRP. For joint TCI state, after RRC configures TCI state pool/list, MAC CE activates multiple active joint TCI states. One DCI can indicate one or multiple indicated joint TCI states. As shown in figure 2-2 b), RRC/MAC CE can configure/activate one or multiple joint TCI states per each TCI codepoint. TCI state field of DCI format 1_1/1_2 (with/without DL assignment) can indicate one TCI codepoint, which corresponds to 1st joint TCI state and/or 2nd joint TCI state for example.
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a) Concept for joint TCI state
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b) TCI codepoint
Figure 2-2. Unified TCI extension for joint TCI state for single DCI based M-TRP.

For separate DL/UL TCI state, figure 2-3 a) illustrates concept of unified TCI extension for single DCI based M-TRP. For separate DL/UL TCI state, after RRC configures TCI state pool/list, MAC CE activates multiple active DL TCI states and UL TCI states. One DCI can indicate multiple DL TCI states and multiple 2 UL TCI states simultaneously. As shown in figure 2-3 b), RRC/MAC CE can configure/activate multiple DL TCI states and multiple UL TCI states per each TCI codepoint. TCI state field of DCI format 1_1/1_2 (with/without DL assignment) can indicate one TCI codepoint, which can correspond to 1st DL TCI state, 1st UL TCI state, 2nd DL TCI state, and/or 2nd UL TCI state.
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a) Concept for separate DL/UL TCI state
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b) TCI codepoint
Figure 2-3. Unified TCI extension for separate DL/UL TCI state for single DCI based M-TRP.

Mapping indicated TCI state to PDCCH
After indicated joint/DL/UL TCI state is determined, how to map the indicated TCI state to each DL/UL CH/RS should be discussed. In the following explanation, one TCI state means “one joint TCI state”, or “one DL TCI state and/or one UL TCI state”.
For PDCCH, we have the following agreement in RAN1#109-e meeting.
	Agreement
On unified TCI framework extension for S-DCI based MTRP, consider at least the following alternatives to map/associate a joint/DL TCI state to PDCCH reception(s)
· Atl1: Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt2: Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a search space set
· Alt3: Use MAC-CE to inform the mapping/association between an activated or indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt4: Use DCI to inform the mapping/association between an indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt5: Based on a fixed mapping/association rule, e.g., the first indicated joint/DL TCI state always applies to PDCCH receptions
Consider above alternatives for PDCCH repetition, PDCCH-SFN, PDCCH w/o repetition/SFN, and potential support of dynamic switching between S-TRP and M-TRP for PDCCH. It is not precluded to adopt one single alternative or multiple alternatives to support these cases.


For PDCCH, when multiple indicated TCI states are indicated, only one indicated TCI state should be applied to non SFN-CORESET(s), and two indicated TCI states should be applied to SFN-CORESET (i.e. CORESET configured with SFN scheme A/B). In Rel.17, there was no way for DCI to switch the number of active TCI states for a CORESET, only RRC/MAC CE can update the number of active TCI states for a CORESET. In Rel.18 unified TCI framework for M-TRP, RRC configuration can be used to indicate “one or two index(es)” of indicated TCI state(s), e.g. {1st, 2nd, both}. Hence, we support Alt.1 in the agreement. The index(es) of the indicated TCI state(s) can be configured per a CORESET, hence different CORESET can be associated with different set of indicate TCI state(s). The number of index(es) configured for a CORESET depends on whether the CORESET is configured with SFN scheme A/B. 
Proposal 2-6:
· For mapping of indicated TCI state to PDCCH for single-DCI based M-TRP,
· Support Alt.1 (Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a CORESET or a CORESET group).
· One or two index(es) of indicated TCI state(s) are configured per a CORESET.
· For a CORESET(s) configured with SFN scheme A/B, two indexes can be configured.
· For other CORESET(s), one index can be configured.
Mapping indicated TCI state to PDSCH
For single-DCI based M-TRP PDSCH in Rel.16/17, one or two TCI states are indicated by a TCI codepoint. Scheduling DCI can dynamically switch between S-TRP PDSCH and M-TRP PDSCH, based on the number of indicated TCI states. However, in Rel.17 unified TCI framework, indicated TCI is applied after BeamAppTime_r17 = {1, 2, 4, 7, 14, 28, 42, 56, 70, 84, 98, 112, 224, 336} symbols from ACK transmission of the beam indication DCI. If S-TRP PDSCH or M-TRP PDSCH is determined by the number of indicated TCI states in Rel.18, scheduling DCI cannot dynamically indicate S-TRP PDSCH or M-TRP PDSCH. Since the channel quality and the number of layers can change dynamically, we believe it is better to enable scheduling DCI to switch between S-TRP and M-TRP dynamically. One possible option is for scheduling DCI (DCI format 1_1/1_2) to indicate one or two index(es) of indicated TCI states. Figure 2-4 illustrates an example of scheduling DCI which indicates one or two index(es) of indicated TCI states. In this example, 4 indicated TCI state is indicated by beam indication DCI and/or MAC CE. 2-bit new DCI (“index(es)”) field in the scheduling DCI of PDSCH indicates the one or two index(es) of indicated TCI states. The DCI codepoint of the new DCI field can be specified or higher layer configured. If the scheduling DCI indicates “00” = “1st”, 1st indicated TCI is applied to the scheduled PDSCH.
Proposal 2-7:
· For indicated TCI state(s) applied to single-DCI based M-TRP PDSCH, support scheduling DCI can dynamically switch between S-TRP PDSCH and M-TRP PDSCH.
· Scheduling DCI (DCI format 1_1/1_2) can indicate one or two index(es) of indicated TCI states for PDSCH.
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Figure 2-4. Example of scheduling DCI which indicates one or two index(es) of indicated TCI states.

Mapping indicated TCI state to PUCCH
For single-DCI based M-TRP PUCCH repetition in Rel.17, one or two spatial relation is indicated per a PUCCH resource (or, PUCCH resource group), and one PUCCH resource is indicated by the scheduling DCI (DCI format 1_0/1_1/1_2). Scheduling DCI can dynamically switch between S-TRP PUCCH repetition and M-TRP PUCCH repetition, based on the number of spatial relations of a PUCCH resource. However, in Rel.17 unified TCI framework, indicated TCI is applied after BeamAppTime_r17 from ACK transmission of the beam indication DCI. If S-TRP PUCCH repetition or M-TRP PUCCH repetition is determined by the number of indicated TCI states in Rel.18, scheduling DCI cannot dynamically indicate S-TRP PUCCH repetition or M-TRP P PUCCH repetition. As similar reason as single DCI based M-TRP PDSCH, we believe it is better to enable scheduling DCI to switch between S-TRP PUCCH repetition and M-TRP PUCCH repetition dynamically. One possible option is for scheduling DCI (DCI format 1_1/1_2) to indicate one or two index(es) of indicated TCI states. Figure 2-4 illustrates an example of scheduling DCI indicating one or two index(es) of indicated TCI states. In this example, 4 indicated TCI state is indicated by beam indication DCI and/or MAC CE. 2-bit new DCI (“index(es)”) field in the scheduling DCI indicates the one or two index(es) of indicated TCI states for M-TRP PUCCH repetition. If the scheduling DCI indicates “00” = “1st”, 1st indicated TCI is applied to the scheduled PUCCH. Here, the new DCI (“index(es)”) field of scheduling DCI can be common or separate between PDSCH and PUCCH.
Proposal 2-8:
· For indicated TCI state(s) applied to single-DCI based M-TRP PUCCH repetition, support scheduling DCI can dynamically switch between S-TRP PUCCH repetition and M-TRP PUCCH repetition.
· Scheduling DCI (DCI format 1_1/1_2) can indicate one or two index(es) of indicated TCI states for PUCCH.

Mapping indicated TCI state to PUSCH
For single-DCI based M-TRP PUSCH repetition in Rel.17, one or two SRS resource sets with usage = CB/NCB can be configured, and 2-bit “SRS resource set indicator” field in DCI format 0_1/0_2 indicates S-TRP PUSCH repetition or M-TRP PUSCH repetition for dynamic switching between S-TRP PUSCH repetition and M-TRP PUSCH repetition. Table 2-2 shows “SRS resource set indicator” field in DCI format 0_1/0_2 in Rel.17.
As the same reason as above explanation, we believe it is better to enable dynamic switching between S-TRP PUSCH repetition and M-TRP repetition by the scheduling DCI. One simple solution is to reuse 2-bit “SRS resource set indicator” field in DCI format 0_1/0_2. 
Proposal 2-9:
· For indicated TCI state(s) applied to single-DCI based M-TRP PUSCH repetition, if two SRS resource sets with usage = CB/NCB are configured, support dynamic switching between S-TRP PUSCH repetition and M-TRP PUSCH repetition by 2-bit “SRS resource set indicator” field in the scheduling DCI format 0_1/0_2.
· One of two index(es) of indicated TCI states are selected from indicated TCI state(s).

Table 2-2. “SRS resource set indicator” field in DCI format 0_1/0_2 in Rel.17.
	Codepoint
	S-TRP/M-TRP PUSCH repetition

	0
	S-TRP (1st SRS resource set only)

	1
	S-TRP (2nd SRS resource set only)

	2
	M-TRP (1st SRS resource set  2nd SRS resource set)

	3
	M-TRP (2nd SRS resource set  1st SRS resource set)



2.4 Multi-DCI based M-TRP
Beam indication
For indication of TCI state in multi-DCI based M-TRP in Rel.17, following agreement was made in RAN1#109-e meeting.
	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


As discussed in Proposal 2-2, multi-DCI based M-TRP can be used in non-ideal backhaul scenario, we believe it is better to assume that one beam indication DCI associated with a CORESETPoolIndex indicates one “indicated TCI state” for the CORESETPoolIndex (i.e., a DCI transmitted by a TRP does not update indicated TCI states for another TRP).
Proposal 2-10:
· For unified TCI extension for multi-DCI based M-TRP, support Alt.2.
· Alt.2: 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).

For joint TCI state, figure 2-5 illustrates concept of unified TCI extension for multi-DCI based M-TRP. After RRC configures TCI state pool/list, MAC CE activates multiple active joint TCI states for CORESETPoolIndex = 0 and multiple active joint TCI states for CORESETPoolIndex = 1, respectively. As shown in figure 2-5, RRC/MAC CE can configure/activate up to one TCI states per each TCI codepoint for each of CORESETPoolIndex. When DCI associated with CORESETPoolIndex = 0 indicates one TCI codepoint, one indicated joint TCI state associated with CORESETPoolIndex = 0 is determined. When DCI associated with CORESETPoolIndex = 1 indicates one TCI codepoint, one indicated joint TCI state associated with CORESETPoolIndex = 1 is determined.
For separate DL/UL TCI state, figure 2-6 illustrates concept of unified TCI extension for multi-DCI based M-TRP. After RRC configures TCI state pool/list, MAC CE activates multiple active DL/UL TCI states for CORESETPoolIndex = 0 and for CORESETPoolIndex = 1, respectively. One DCI can indicate one DL TCI state and/or one UL TCI state. As shown in figure 2-6, RRC/MAC CE can configure/activate one DL TCI state and/or one UL TCI state per TCI codepoint. When DCI associated with CORESETPoolIndex = 0 indicates one TCI codepoint, one DL TCI state and/or one UL TCI state associated with CORESETPoolIndex = 0 can be indicated. When DCI associated with CORESETPoolIndex = 1 indicates one TCI codepoint, one DL TCI state and/or one UL TCI state associated with CORESETPoolIndex = 1 can be indicated.
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Figure 2-5. Unified TCI extension for joint TCI state for multi-DCI based M-TRP.
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Figure 2-6. Unified TCI extension for separate DL/UL TCI state for multi-DCI based M-TRP.

Mapping indicated TCI state to PDCCH
After indicated joint/DL/UL TCI state is indicated, how to map the indicated TCI state to each DL/UL CH/RS should be discussed. In multi-DCI based M-TRP, which scenario requires multiple indicate TCI states should be discussed. For example, for multi-DCI based M-TRP PDSCH, only one indicated TCI state can be used to a PDSCH. Based on the above beam indication in multi-DCI based M-TRP, one indicated TCI state is derived, there is no need to discuss the mapping of indicated TCI state to multi-DCI based M-TRP PDSCH.
In multi-DCI based M-TRP PDCCH, for non-SFN CORESET, only one indicated TCI state should be applied. However, for SFN-CORESET, up to two TCI state can be indicated. Before discussing the mapping of indicated TCI state to PDCCH, whether SFN-CORESET is supported for multi-DCI based M-TRP should be discussed.
Proposal 2-11:
· Before discussing the mapping of indicated TCI state to each CH/RS in multi-DCI based M-TRP, which scenario requires multiple indicated TCI state should be discussed.
· E.g. whether SFN-CORESET is supported for multi-DCI based M-TRP should be discussed.

1. Power control for M-TRP operation 
	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 (approved on May 24th, see below).

R1-2205639	LS on UE power limitation for STxMP in FR2	RAN1, MediaTek
Decision: As per email decision posted on May 24th, the LS is approved.



For UL power control, UE configured maximum output power PCMAX is defined. UE UL Tx power at a transmission occasion cannot exceed PCMAX. For example, PUSCH transmission power is determined as in the following equation.
[image: ][dBm]
For STxMP, how to determine PCMAX of each panel needs to be studied. Following two assumptions were discussed in the last meeting, and an LS was sent to RAN4 regarding the feasibility of the two assumptions. Details of UL power control of STxMP can be discussed after receiving reply from RAN4.
· Assumption1: power limitation per panel is assumed. UE UL Tx power of each panel cannot exceed the per panel limitation.
· Assumption2: power limitation per UE is assumed. Sum of UE UL Tx power of two panels cannot exceed the per UE limitation. 
Proposal 3-1:
· For STxMP, how to determine PCMAX for transmission from each panel can be further studied after receiving RAN4 reply on the feasibility of assumptions of power limitation. 
Beam reporting for STxMP
To support STxMP, gNB needs to be aware of whether two beams can be transmitted simultaneously by UE. One option is to report correspondence between beams and UE panels. The beams corresponding to different UE panels can be transmitted simultaneously by UE. In Rel-17, UE capability value index can be reported for each beam in beam reporting. However, in Rel-17, each UE capability value refers to unique UE capability. For STxMP, to report correspondence between beams and panels and considering two panels may have same capability, enhancement based on Rel-17 UE capability value reporting framework can be considered. Based on Rel-17 UE capability value reporting framework, UE capability values with same capability can be supported. 
Another option is to directly report pair(s) of beams that can be transmitted simultaneously by UE. In Rel-15/17, group-based beam reporting is supported for DL Rx, i.e., UE can report pair(s) of beams that can be received simultaneously by UE. For STxMP, to support UE reporting pair(s) of beams that can be transmitted simultaneously by UE, enhancement based on Rel-15/17 group-based beam reporting framework can be considered. Based on Rel-15/17 group-based beam reporting framework, if STxMP is supported, UE shall report pair(s) of beams that can be received simultaneously by UE and can also be transmitted simultaneously by UE. Alternatively, new UL group-based beam reporting which is independent from Rel-15/17 group-based beam reporting can be considered. In the new UL group-based beam reporting, UE shall report pair(s) of beams that can be transmitted simultaneously by UE.
Proposal 4-1:
· To support STxMP, following options of enhancement on beam reporting can be considered.
· Option1: reuse Rel-17 UE capability value reporting framework with enhancement that when STxMP is supported UE can report UE capability values with same capability. Two beams with different UE capability value set index correspond to different panel and can be transmitted simultaneously by UE.  
· Option2: reuse Rel-15/16 group-based beam reporting framework with enhancement that when STxMP is supported UE shall report pair(s) of beams that can be received simultaneously by UE and can also be transmitted simultaneously by UE.
· Option3: introduce new UL group-based beam reporting. In UL group-based beam reporting, UE shall report pair(s) of beams that can be transmitted simultaneously by UE.
3. Conclusion
In this contribution, we discussed unified TCI framework related enhancements. Based on the discussion, we made the following proposals.
Unified TCI framework extension for M-TRP
Proposal 2-1:
· Support applying multiple joint/DL TCI states simultaneously to CJT-based PDSCH reception(s).
· For the number of indicated TCI states necessary for M-TRP CJT, we should wait for the outcome of AI 9.1.2.
Proposal 2-2:
· Specify different beam indication mechanism for single-DCI based M-TRP and multi-DCI based M-TRP to support unified TCI framework for M-TRP.
· For multi-DCI based M-TRP (for ideal/non-ideal backhaul scenario):
· One beam indication DCI associated with a CORESETPoolIndex indicates one “indicated TCI state” for the CORESETPoolIndex (i.e., a DCI transmitted by a TRP does not update indicated TCI states for another TRP).
Proposal 2-3:
· For both single-DCI based and multi-DCI based M-TRP, reuse one TCI state field (i.e. not adding second TCI state field).
· Discuss whether to increase the max. number of bits for TCI state field in DCI format 1_1/1_2.
· Consider RRC configurable size of TCI state field in DCI format 1_1.
Proposal 2-4:
· For both single-DCI based and multi-DCI based M-TRP, reuse mechanism of using followUnifiedTCIstate to indicate whether to follow indicated TCI state or not for PDCCH/PDSCH.
Proposal 2-5:
· For both single-DCI based and multi-DCI based M-TRP, default QCL assumption (i.e. QCL assumption if scheduling offset < threshold) for PDSCH/A-CSI-RS in unified TCI framework should be specified.
Proposal 2-6:
· For mapping of indicated TCI state to PDCCH for single-DCI based M-TRP,
· Support Alt.1 (Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a CORESET or a CORESET group).
· One or two index(es) of indicated TCI state(s) are configured per a CORESET.
· For a CORESET(s) configured with SFN scheme A/B, two indexes can be configured.
· For other CORESET(s), one index can be configured.
Proposal 2-7:
· For indicated TCI state(s) applied to single-DCI based M-TRP PDSCH, support scheduling DCI can dynamically switch between S-TRP PDSCH and M-TRP PDSCH.
· Scheduling DCI (DCI format 1_1/1_2) can indicate one or two index(es) of indicated TCI states for PDSCH.
Proposal 2-8:
· For indicated TCI state(s) applied to single-DCI based M-TRP PUCCH repetition, support scheduling DCI can dynamically switch between S-TRP PUCCH repetition and M-TRP PUCCH repetition.
· Scheduling DCI (DCI format 1_1/1_2) can indicate one or two index(es) of indicated TCI states for PUCCH.
Proposal 2-9:
· For indicated TCI state(s) applied to single-DCI based M-TRP PUSCH repetition, if two SRS resource sets with usage = CB/NCB are configured, support dynamic switching between S-TRP PUSCH repetition and M-TRP PUSCH repetition by 2-bit “SRS resource set indicator” field in the scheduling DCI format 0_1/0_2.
· One of two index(es) of indicated TCI states are selected from indicated TCI state(s).
Proposal 2-10:
· For unified TCI extension for multi-DCI based M-TRP, support Alt.2.
· Alt.2: 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).
Proposal 2-11:
· Before discussing the mapping of indicated TCI state to each CH/RS in multi-DCI based M-TRP, which scenario requires multiple indicated TCI state should be discussed.
· E.g. whether SFN-CORESET is supported for multi-DCI based M-TRP should be discussed.

Power control for M-TRP operation
Proposal 3-1:
· For STxMP, how to determine PCMAX for transmission from each panel can be further studied after receiving RAN4 reply on the feasibility of assumptions of power limitation. 

Beam reporting for STxMP
Proposal 4-1:
· To support STxMP, following options of enhancement on beam reporting can be considered.
· Option1: reuse Rel-17 UE capability value reporting framework with enhancement that when STxMP is supported UE can report UE capability values with same capability. Two beams with different UE capability value set index correspond to different panel and can be transmitted simultaneously by UE.  
· Option2: reuse Rel-15/16 group-based beam reporting framework with enhancement that when STxMP is supported UE shall report pair(s) of beams that can be received simultaneously by UE and can also be transmitted simultaneously by UE.
· Option3: introduce new UL group-based beam reporting. In UL group-based beam reporting, UE shall report pair(s) of beams that can be transmitted simultaneously by UE.

Reference
[1] 3GPP RP-213598, “New WID: MIMO Evolution for Downlink and Uplink”, RAN#94-e, Dec. 2021.
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