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Introduction
In RAN#94 meeting, the objectives for further enhancements on MIMO for NR were approved [1], which includes the following objectives related to multi-beam (MB) operations for multi-TRP/panel operation:
	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.
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)
· 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.
7. Study, and if justified, specify the following 
· 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 the enhancements on MB operations for multi-TRP/panel based on the Rel-17 TCI framework for Rel-18.
1. Discussion
TCI state update and activation
In RAN1#112bis-e, TCI state indication method for S-DCI based MTRP and the timeline to update the indicated TCI state(s) were agreed as shown below. 
	Agreement
On unified TCI framework extension for S-DCI based MTRP operation, support the followings:
· For a serving cell configured with joint DL/UL TCI mode, a full-set or any sub-set of {first joint TCI state, second joint TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· For a serving cell configured with separate DL/UL TCI mode, a full-set or any sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· TCI state activation command (MAC-CE) should indicate that each joint/DL/UL TCI state mapped to a TCI codepoint is the first or second joint/DL/UL TCI state (detail on how to indicate above is up to RAN2 design)
· The first/second indicated joint/DL/UL TCI state(s) is updated according to the corresponding first/second joint/DL/UL TCI state(s) mapped to the TCI codepoint received by the UE
· If the UE receives a TCI codepoint mapped with a sub-set of {first joint TCI state, second joint TCI state} or {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state}, the UE shall update the first/second indicated joint/DL/UL TCI state(s) according to the first/second joint/DL/UL TCI state(s) in the subset and keep other indicated first/second joint/DL/UL TCI state(s) that is not updated by the received TCI codepoint

Agreement
On unified TCI framework extension, the Rel-17 timeline for updating the indicated joint/DL/UL TCI state(s) is retained, i.e., the indicated joint/DL/UL TCI state(s) applied to the DL reception or UL transmission in each slot is updated based on the Rel-17 beam application time

Conclusion
On unified TCI framework extension for S-DCI based MTRP operation, there is no consensus to support dynamic switching between single-TRP operation and multi-TRP operation for channels/signals based on the number of TCI states mapped to the received TCI codepoint in DCI format 1_1/1_2
· FFS: How to switch between Rel-17 sTRP operation and Rel-18 mTRP operation


Note that there was a conclusion that the switching between STRP and MTRP cannot depend on the number of TCI states indicated in a beam indication DCI. Based on the FFS in the conclusion, it has been discussed how to switch between Rel-17 unified TCI framework (i.e. STRP operation only) and Rel-18 unified TCI framework (i.e. both STRP and MTRP operation). In addition, a question was raised in the middle of the last meeting on how to determine that a CC is operated in Rel-18 unified TCI framework for S-DCI based MTRP with the following alternatives.
	· Alt1: If the UE receives a TCI state activation command (MAC-CE) that activates at least one TCI codepoint mapped with more than one join TCI states, more than one DL TCI states, or more than one UL TCI states in the CC
· Alt2: If the UE receives a Rel-18 TCI state activation command (MAC-CE) for S-DCI based MTRP operation (which is different from the TCI state activation command (MAC-CE) for Rel-17 unified TCI framework) in the CC


For the FFS of the conclusion, the necessity to switch between Rel-17 and Rel-18 unified TCI framework dynamically is unclear since Rel-18 unified TCI framework can support STRP and MTRP operation altogether. Also, regarding the question, the issue is mainly due to the M/N configuration by RRC per CC. While a certain CC is configured with M=N=1 (i.e. operating STRP in the CC), it can be addressed in Rel-18 unified TCI framework by associating the 1st or 2nd indicated TCI state to the CC regardless the details of MAC-CE design such as Alt1 and Alt2 above. In other words, Rel-18 operation on a CC configured with M=N=1 is functionally identical to Rel-17 unified TCI operation, thus one of the two indicated TCI states in Rel-18 can be used for supporting STRP operation in this case. For this, TCI state pool can be commonly used for sTRP and mTRP where a subset of Rel-18 TCI state pool is used for the Rel-17-like sTRP operation for some CC(s).

Proposal #1: For S-DCI based MTRP, clarify the necessity of switching between Rel-17 and Rel-18 operation of CC with different M/N configuration via MAC-CE.

In the last meeting, common TCI state update for multiple CCs for Rel-18 unified TCI framework was agreed as below. 
	Agreement
On unified TCI framework extension, support the following cases for CA operation:
· A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in S-DCI based MTRP
· A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in M-DCI based MTRP
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP and CC(s) operating in S-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP and CC(s) operating in M-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in S-DCI based MTRP and CC(s) operating in M-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP, CC(s) operating in S-DCI based MTRP, and CC(s) operating in M-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case


For this, we need to consider that the number of indicated TCI states (i.e. M/N values) can be different among CCs. If so, an issue is how to update TCI state(s) of other CCs utilizing the indicated TCI state(s) in a specific CC with different number of TCI states. For a simple approach, we can introduce a restriction that a CC list for common TCI state update should include the CC(s) with the same M/N configuration only. This approach may cause an increased control signaling overhead by increasing the number of CC lists to cover the various M/N configuration of different CCs. Another approach is to determine the number of indicated TCI states based on the largest M/N value among CCs in a CC list and to allow different M/N configuration across CCs. For example, when the M/N configuration for CC1 is {M=2, N=2, S-DCI based}, CC2 is {M=2, N=2, M-DCI based} and CC3 is {M=N=1}, the number of indicated TCI states applying common TCI state update can be {M_common=2, N_common=2}. For CC1, each TCI state is associated to each TO for mTRP/multi-panel transmission. For CC2, each TCI state is associated to each CORESET pool. For CC3, only one of the two DL/UL TCI states is applied for sTRP operation. In this way, configuration and signaling overhead for beam indication will be significantly reduced.

Proposal #2: For common TCI update for multi-CCs configured with M/N>=1, determine the number of indicated TCI states based on the largest M/N value among CCs in a CC list
· Consider implicit/explicit mapping between the indicated TCI state(s) and each CC

Mapping the TCI state(s) to target channels/RSs
In RAN1#112bis-e, there were agreements on mapping/association between indicated/configured TCI states and target channels/RSs for M-DCI/S-DCI based MTRP as follows.
	Conclusion (S-DCI PDCCH)
On unified TCI framework extension for S-DCI based MTRP, there is no consensus in RAN1 on whether to reuse the Rel-17 RRC parameter followUnifiedTCIstate as a part of the RRC configuration that informs the UE shall apply the first one, the second one, both, or none of the indicated joint/DL TCI states to a CORESET
· Above does not impact how RAN2 writes their specifications 

Agreement (S-DCI)
On unified TCI framework extension for S-DCI based MTRP, the presence of the [TCI selection field] can be RRC-configured per DL BWP
· FFS: Whether the presence of the [TCI selection field] can be configured individually for DCI format 1_1 and DCI format 1_2 in the same DL BWP

Agreement (S-DCI, PUSCH by DCI format 0_0)
On unified TCI framework extension for S-DCI based MTRP, the UE shall apply the first indicated joint/UL TCI state to PUSCH transmission(s) scheduled/activated by DCI format 0_0 (including DG and Type2 CG)

Agreement (S-DCI, Type1 CG PUSCH)
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration is provided to a Type1 CG configuration to inform that the UE shall apply the first, the second, or both indicated joint/UL TCI states to the corresponding CG-PUSCH transmission
· If the first or the second indicated joint/UL TCI state is applied, the UE shall apply the first or the second indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If both indicated joint/UL TCI states are applied:
· For TDM based PUSCH Tx scheme, the UE shall apply the first indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the first SRS resource set for CB/NCB, and the second indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the second SRS resource set for CB/NCB 
· FFS: SDM and SFN based PUSCH Tx schemes

Agreement (AP CSI-RS)
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource set or for each CSI-RS resource in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resource if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state
· Above applies at least if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is equal to or larger than a threshold (if the threshold is needed)
· FFS: If the UE is configured for CSI-RS resource set, for an aperiodic CSI-RS resource set configured with two Resource Groups for NCJT CSI and configured to follow unified TCI state, if above RRC configuration is not provided to the aperiodic CSI-RS resource set, the UE shall apply the first indicated joint/DL TCI state to the CSI-RS resource(s) in Group 1 and the second indicated joint/DL TCI state to the CSI-RS resource(s) in Group 2.
· ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ is up to UE capability

Agreement (M-DCI, PUCCH)
On unified TCI framework extension for M-DCI based MTRP, support at least Opt2 for PUCCH transmission, and Opt1 is not supported
· Note: Opt3 and Opt4 are not precluded

Agreement (M-DCI, Type-1 CG PUSCH)
On unified TCI framework extension for M-DCI based MTRP, an RRC configuration is provided to a Type1 CG configuration to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding CG-PUSCH transmission, where the first and the second indicated joint/DL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.

Agreement (S-DCI PDSCH, @RAN1#112)
On unified TCI framework extension for S-DCI based MTRP, down-select at least one of the followings for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field]:
· Alt1: Using RRC configuration to inform that the UE shall apply the first one, the second one, or both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· Alt2: The UE shall apply the first one of two indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception
· Alt3: The UE shall apply both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· Alt3A: The UE shall apply the same joint/DL TCI state(s) that is applied to the PDCCH reception with the scheduling/activation DCI to the scheduled/activated PDSCH reception
· Alt4: Which indicated joint/DL TCI state(s) is/are applied to the scheduled/activated PDSCH reception is determined according to the existing TCI field of the most recently applied beam indication DCI
Above applies at least if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold (if the threshold is needed)

Agreement (S-DCI PDSCH, @RAN1#112)
On unified TCI framework extension for S-DCI based MTRP, a 2-bit [TCI selection field] can be configured by RRC to be present in a DCI format 1_1/1_2 that schedules/activates PDSCH reception (including dynamic PDSCH and SPS PDSCH) according to the followings:
· If the DCI format 1_1/1_2 indicates codepoint "00" for the [TCI selection field], the UE shall apply the first one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "01" for the [TCI selection field], the UE shall apply the second one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "10" for the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the PDSCH reception scheduled/activated by the DCI format 1_1/1_2
· FFS: Whether and how to use the codepoint "11" of the [TCI selection field]
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2 regardless of threshold, above apply to PDSCH reception(s) scheduled/activated by the DCI format 1_1/1_2. 
· Note: If the UE supports the capability of two default beams for S-DCI based MTRP in FR2, UE uses both indicated joint/DL TCI states to buffer the received signal before a threshold.
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above apply to the scheduled/activated PDSCH reception when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold
· FFS: How to apply the indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold in FR2
FFS: Detail of the capability of two default beams for S-DCI based MTRP 
FFS: The threshold value


For this topic, the two remaining issues are the detailed design of the TCI selection field with codepoint ‘11’ and the applicability with indicated joint/DL TCI state(s) when the new indication field is not present.
For the first issue of using the codepoint ‘11’, it can be used for swapping the order of TCI state mapping, e.g., {2nd indicated TCI, 1st indicated TCI} for MTRP TDM PDSCH reception. For the second issue for when the new indication field is not present, several alternatives were agreed. From Alt 1 to Alt3, it restricts PDSCH for a certain transmission mode permanently, i.e. STRP or MTRP mode only. Also for Alt3A, it does not work if TRP#1 serves as a primary TRP that manage common control channels/beams and TRP#2 serves as a secondary TRP for data transmission. In this case, all CORESETs are likely be configured to follow TCI state from TRP#1 so that a PDSCH cannot be sent from TRP#2. 
In our view, Alt4 supports dynamic STRP/MTRP switching and has more benefit compared to Alt3A. Figure 1 illustrates one exemplary scenario.
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Figure 1. Example of the PDSCH beam applicability with DCI format 1_1/1_2
In this figure, we assume that the indicated TCI states {TCI#1, TCI#2} are available. In PDSCH scheduling DCI1 from TRP#1, it contains TCI field with a codepoint mapped to sub-set of TCI states {TCI#3, -}. Based on this, the TCI state update via DCI1 is done after BAT1. Then, after BAT1, the indicated TCI states are updated from {TCI#1, TCI#2} to {TCI#3, TCI#2} according to DCI1. Assume that PDSCH2 is scheduled by DCI2 from TRP#2 later. In this case, if pre-defined/configured rule using 1st indicated TCI state is applied for PDSCH2 reception (Alt1 or Alt2), it leads that both PDSCH1 and PDSCH2 needs to be received from TRP#1. If Alt3 is applied in this example, both PDSCH1 and PDSCH2 needs to be received from both TRPs. If Alt3A is applied, which TRP is applied for PDSCH1 and PDSCH2 depends on the TCI configured for the CORESET(s) for DCI1 and DCI2, respectively, where all CORESETs may be associated to one TRP in the above mentioned scenario. If Alt4 is applied, PDSCH1 is received by TRP#1 with TCI#1, PDSCH2 is received by TRP#2 with TCI#2. From NW perspective, it is natural that a TRP that wants to update its serving beam is more likely to send DL traffic because it is not very urgent/critical to update a beam for the UE having no data to send or receive from NW perspective. With this principle, we think that STRP/MTRP scheme for the scheduled PDSCH can be determined by the TCI field in DCI. If the first subset of TCI states is indicated by the DCI, the scheduling PDSCH is for STRP with the indicated TCI state(s). If the second subset of TCI states is indicated by the DCI, the scheduling PDSCH is for STRP with the indicated TCI state(s). If full set of TCI states is indicated by the DCI, the scheduling PDSCH is for MTRP with the indicated TCI state(s). It means that the beam update and STRP/MTRP switching is coupled. Compared with the option of configuring the new field, Alt4 slightly reduce the flexibility of beam update due to the coupling of unified TCI update with STRP/MTRP switching, however, it supports STRP/MTRP dynamic switching without increasing DCI payload so that NW can have better option for BM operation. In the case that PDSCH is scheduled before timeDurationForQCL, Alt4 is still applicable when the UE supports two default beams. For the UEs supporting only one default beam, i.e., one buffer beam, the beam for the PDSCH needs to be determined by the 1st indicated TCI state as similar to legacy default beam determination methods for MTRP. 

Proposal #3: For S-DCI based PDSCH reception, the indicated TCI states can be applied for STRP/MTRP operation depending on new indication field in scheduling DCI
· For codepoint ‘11’ on TCI selection field, the UE shall apply the both indicated TCI states with swapping the order of the TCI states
· When new indication field is not present, support Alt4 for dynamic switching between STRP and MTRP for the scheduled PDSCH

For SRS, SRS resource grouping can also be supported similarly to that of CSI-RS where unified TCI applicability can be configured per resource or per resource set. To be specific, network can configure which subset of TCI states to be applied for each SRS resource group or resource set regardless of S-DCI or M-DCI. In addition, legacy beam indication via spatial relation configured for some SRS resources should also be allowed even when N=2 unified TCI. For UL TCI association, we propose not directly to use coresetPoolIndex in order to align design for both S-DCI MTRP and M-DCI MTRP. For example, UL TCI state index can be introduced and tagged into PUCCH/SRS resource group. 

Proposal #4: For SRS, TCI applicability can be configured per SRS resource group/set or per SRS resource where some SRS resource(s) can still be configured with legacy spatial relation.

Power control for UL S-DCI based MTRP
In RAN1#112, the following agreement was made as:
	Agreement
On unified TCI framework extension, if an indicated joint/UL TCI state(s) applies to a PUSCH/PUCCH/SRS transmission occasion(s) or antenna port(s), the UE shall determine UL Tx power for the PUSCH/PUCCH/SRS transmission occasion(s) or antenna port(s) based on the UL PC parameter setting for PUSCH/PUCCH/SRS, if any, and the PL-RS included in the indicated joint/UL TCI state
· FFS: For STxMP, the maximum Tx power when the UE determines UL Tx power for the PUSCH/PUCCH transmission occasion(s) or antenna port(s) (discussed after receiving RAN4 reply on UE power limitation for STxMP in FR2)
· FFS: Default UL PC parameter setting(s) if one or both of indicated joint/UL TCI states applied to PUSCH/PUCCH/SRS transmission occasion(s) or antenna port(s) does/do not include the UL PC parameter setting(s) for PUCCH/PUSCH/SRS


For power control (PC) aspects, the PC parameters including P0, alpha, closed-loop index, and path-loss reference RS (PL-RS) can be included in the TCI state where the PC parameters excluding PL-RS are channel/RS-specific and PL-RS is channel/RS-common. Considering N>1 in Rel-18, TRP/panel-specific UL PC parameters can be indicated by the common beam which can include PC parameters. As shown above, UL PC parameters included in the UL or joint TCI states can be applied for S-DCI MTRP PUSCH/PUCCH transmission case. When N=2, the first and second TCI state in S-DCI can be associated with the specific PUSCH/PUCCH repetition transmission occasion, respectively. One case for further consideration is when the UL PC setting is not included in one or both indicated joint/UL TCI state(s) for PUSCH/PUCCH repetition. In this case, it can be possible to extend Rel-17 mechanism where UE determines the UL PC parameter setting configured in the corresponding UL BWP. Hence, in unified TCI extension for UL MTRP, two default UL PC parameter settings can be configured in the UL BWP and the UE can apply the one of or both UL PC parameter settings to the corresponding TCI state.

Proposal #5: Support two default UL PC parameter settings configured in BWP-UplinkDedicated, and the UE should apply the one or two default UL PC parameter setting(s) configured in the corresponding UL BWP.

In addition, it was agreed in RAN1#109e to send LS to RAN4 regarding UE power limitation for STxMP as follows.
	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.


Regarding the above, RAN4 has replied the LS in RAN1#112bis-e [2], where Assumption 1 and Assumption 2 are feasible from RAN4 perspective and both assumptions can be applied to a same UE. For STxMP transmission, each TCI state including PC parameters can be associated with a certain UE Tx panel and UE transmits PUSCH/PUCCH by using two panels at the same time. As a result, the total transmit power through multiple UE panels can exceed UE Pc,max value according to the reply LS from RAN4. Accordingly, during the last meeting, it was discussed that UE should determine the two UL power values based on one single UE-configured maximum output power value (PCMAX,f,c) defined in current spec or two UE-configured maximum output power values. Three alternatives were identified as follows.
	· Alt1: The UE determines two UL Tx power values for the PUSCH/PUCCH STxMP based on one single UE-configured maximum output power value (PCMAX,f,c) defined in current spec [8-1, TS 38.101-1], [8-2, TS 38.101-2] and [8-3, TS 38.101-3]
· Alt2: The UE determines two UL Tx power values for PUSCH/PUCCH STxMP based on two UE-configured maximum output power values (if per-panel/TCI UE-configured maximum output power value is introduced by RAN4)
· Alt3: The UE determines two UL Tx power values for PUSCH/PUCCH STxMP based on two UE-configured maximum output power values (if per-panel/TCI UE-configured maximum output power value is introduced by RAN4), and the sum of two UL Tx power values for PUSCH/PUCCH STxMP should not exceed the UE-configured maximum output power value (PCMAX,f,c) defined in current spec [8-1, TS 38.101-1], [8-2, TS 38.101-2] and [8-3, TS 38.101-3]


Among the three alternatives, we support Alt3 by considering per-panel power control for STxMP transmission by taking maximum Tx power of UE and panel-wise maximum power into account. To meet the per-UE power limitation with considering per-panel power limitation, Tx power allocation/reduction is required for STxMP so that the total UE Tx power for transmission wouldn’t exceed a total power limitation, e.g.,  used in TS 38.213 and defined in TS 38.101, e.g., by normalizing the Tx power per panel based on the total power limitation. Note that the maximum Tx power may be different depending on power amplifier configuration of each panel or maximum permissible exposure (MPE) issue on human body. Hence, power head room report (PHR) to gNB for the current power budget of UE seems to be more preferable by including virtual PH value and per panel Pc,max together. In addition, as RAN4 mentioned, the concept of ‘panel’ has not been defined and then it needs to be clarified on the panel and the panel association for handling each assumption of UE power limitation. To this end, extending the usage of UE capability value set as mentioned in [3] can be the one of a promising approaches.

Proposal #6: Support Alt3 in [4] on UL PC for S-DCI based STxMP

TRP-specific beam failure recovery
In RAN1#112, the following is agreed for TRP-specific BFR issue.
	Agreement
On unified TCI framework extension, study the following enhancements for TRP-specific BFR:
· Implicit BFD-RS determination based on the indicated joint/DL TCI states for S-DCI based MTRP
· Enhancement to beam update after NW response to TRP-specific BFR request


With M=2, it would be beneficial to support TRP-specific BFR introduced in Rel-17. For BFD RS determination for M-DCI MTRP, it seems natural to include currently maintained two DL TCI states, one for each BFD RS set since these two TCI are being used by different TRP. Considering that there can be CORESET(s) that does not follow unified TCI, each BFD RS set may include two or more BFD RSs based on Rel-17 BFD-RS determination rule where which set to be included needs to be clarified further, e.g. via CORESET pool index for M-DCI. In addition for implicit BFD RS determination, we need to check whether current BFD RS selection rule can still work since it is unclear how to interpret and compare monitoring periodicity and CORESET index for those CORESETs following unified TCI. 

Proposal #7: For TRP-specific BFD with M=2, the following needs to be considered.
· How to comprise each BFD RS set when some CORESETs do not follow unified TCI for both S-DCI MTRP and M-DCI MTRP
· Whether/how to modify BFD-RS selection rule for implicit BFD RS determination

Conclusion
In this contribution, we have discussed the potential enhancements on MTRP operation based on the extension of unified TCI framework. Based on the discussions above, following proposals are given as:
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Proposal #1: For S-DCI based MTRP, clarify the necessity of switching between Rel-17 and Rel-18 operation of CC with different M/N configuration via MAC-CE.
Proposal #2: For common TCI update for multi-CCs configured with M/N>=1, determine the number of indicated TCI states based on the largest M/N value among CCs in a CC list
1. Consider implicit/explicit mapping between the indicated TCI state(s) and each CC
Proposal #3: For S-DCI based PDSCH reception, the indicated TCI states can be applied for STRP/MTRP operation depending on new indication field in scheduling DCI
1. For codepoint ‘11’ on TCI selection field, the UE shall apply the both indicated TCI states with swapping the order of the TCI states
1. When new indication field is not present, support Alt4 for dynamic switching between STRP and MTRP for the scheduled PDSCH
Proposal #4: For SRS, TCI applicability can be configured per SRS resource group/set or per SRS resource where some SRS resource(s) can still be configured with legacy spatial relation.
Proposal #5: Support two default UL PC parameter settings configured in BWP-UplinkDedicated, and the UE should apply the one or two default UL PC parameter setting(s) configured in the corresponding UL BWP.
Proposal #6: Support Alt3 in [4] on UL PC for S-DCI based STxMP
Proposal #7: For TRP-specific BFD with M=2, the following needs to be considered.
1. How to comprise each BFD RS set when some CORESETs do not follow unified TCI for both S-DCI MTRP and M-DCI MTRP
1. Whether/how to modify BFD-RS selection rule for implicit BFD RS determination
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