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Introduction
1. 
In this paper, we share our views on maintenance of unified TCI framework extension for multi-TRP and some related issues for STxMP. 
Unified TCI framework extension for mTRP
Switching between sTRP mode and mTRP mode
	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
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

FL summary RAN1 114-bis [1]:
Question 2: If the answer to Q1 is yes (i.e., support dynamic switching based on MAC-CE TCI state activation command), which one of the following alternatives should be adopted?
· Alt1:
· A CC/BWP is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP if Rel-18 TCI state activation command (MAC-CE) where at least one first joint/DL/UL TCI state and at least one second joint/DL/UL TCI state are activated where at least one activated TCI codepoint is mapped with both the first and second join/DL/UL TCI states is received and applied to the CC/BWP
· A CC/BWP is operated in Rel-17 unified TCI framework if Rel-18 TCI state activation command (MAC-CE) where all activated TCI codepoint(s) is mapped with either only the first joint/DL/UL TCI state(s) or only the second joint/DL/UL TCI state(s) is received and applied to the CC/BWP
· A CC/BWP is operated in Rel-17 unified TCI framework if Rel-17 TCI state activation command (MAC-CE) is received and applied to the CC/BWP
· Alt2:
· A CC/BWP is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP if Rel-18 TCI state activation command (MAC-CE) is received and applied to the CC/BWP
· A CC/BWP is operated in Rel-17 unified TCI framework if Rel-17 TCI state activation command (MAC-CE) is received and applied to the CC/BWP
· Alt3: Introduce a field in Rel-18 TCI state activation command (MAC-CE) to explicitly indicate that a CC/BWP is operated in Rel-17 unified TCI framework or Rel-18 unified TCI framework extension for S-DCI based MTRP


Reason for change: One remaining issue that has been discussed for several meetings is how to indicate UE to fall back to sTRP mode when gNB intends to serve the UE with only one TRP in Rel-18 unified TCI framework. Without such indication, UE will always maintain two sets of TCI states for two TRPs even when gNB serves the UE with one TRP. Two potential solutions Alt1 and Alt2 in the FL summary of RAN1 114bis [1] (see above) were formulated for such fallback mechanism. 
In Alt2, when a UE operating in a mTRP mode (having two indicated joint/DL/UL TCI states) receives a Rel-17 TCI state activation MAC-CE, it uses the activated TCI states for sTRP to flush the previously activated TCI states for mTRP. Then, when UE receives a DCI that indicates a new joint/DL/UL TCI state, it will use this new joint/DL/UL TCI state to replace the two indicated joint/DL/UL TCI states and UE falls back to sTRP mode.
In Alt1, in addition to the Rel-17 TCI activation MAC-CE, the Rel-18 MAC-CE which only activates TCI states of one TRP can also indicate UE to fall back to sTRP. When a UE operating in a mTRP mode, i.e., having two indicated joint/DL/UL TCI states, receives a Rel-18 TCI state activation MAC-CE which only activates TCI states of one TRP, the UE uses the activation MAC-CE corresponding to the single TRP to flush the previously activated TCI states of both TRPs. Then, when UE receives a DCI that indicates a new joint/DL/UL TCI state, it will use the new joint/DL/UL TCI state to replace the two previously indicated joint/DL/UL TCI states. After this, UE falls back to the sTRP mode.
In the last meeting, there was nearly equal support for Alt1 and Alt2. To resolve this deadlock and for the sake of progress, we suggest taking Alt2 as a baseline. As for whether to further support Rel-18 MAC-CE based sTRP fallback, it is up to the UE capability.
[bookmark: _Hlk142311772]Proposal 1: For a UE working in mTRP mode, i.e., having two indicated joint/DL/UL TCI states
· support using Rel-17 TCI activation MAC-CE to indicate UE to fall back to sTRP mode as a baseline;
· support using Rel-18 TCI activation MAC-CE (which only activates TCI states for one TRP) to indicate UE to fall back to sTRP mode as a UE feature;

To accommodate proposal 1, the following text proposal 1 is proposed.
Text proposal #1:
[bookmark: _GoBack]Summary of change: Introduce the condition for UE to fall back to the sTRP mode.
Consequences if not approved: Once UE is in unified TCI-based mTRP mode, it will always maintain two sets of TCI-states for two TRPs and does not fall back to the sTRP mode even when only one serving TRP is used for transmission.
	5.1.5	Antenna ports quasi co-location
< Unchanged parts are omitted >
The UE receives an activation command, as described in clause 6.1.3.xx of [10, TS 38.321], 6.1.3.47 of [10, TS 38.321] or 6.1.4.xx of [10, TS 38.321], used to map up to 8 TCI states and/or pairs of TCI states, with one TCI state for DL channels/signals and/or one TCI state for UL channels/signals to the codepoints of the DCI field 'Transmission Configuration Indication' for one or for a set of CCs/DL BWPs, [and/] or up to 8 sets of TCI states, where each set is comprised of up to two TCI state(s) for DL and UL signals/channels, or up to two TCI state(s) for DL channels/signals and up to two TCI state(s) for UL channels/signals to the codepoints of the DCI field 'Transmission Configuration Indication' for one or for a set of CCs/DL BWPs, and if applicable, for one or for a set of CCs/UL BWPs. When a set of TCI state IDs are activated for a set of CCs/DL BWPs and if applicable, for a set of CCs/UL BWPs, where the applicable list of CCs is determined by the indicated CC in the activation command, the same set of TCI state IDs are applied for all DL and/or UL BWPs in the indicated CCs. If the activation command maps TCI-State(s) and/or TCI-UL-State(s) to only one TCI codepoint, the UE shall apply the indicated TCI-State(s) and/or TCI-UL-State(s) to one or to a set of CCs /DL BWPs, and if applicable, to one or to a set of CCs /UL BWPs once the indicated mapping for the one single TCI codepoint is applied as described in [11, TS 38.133].
For a UE indicated with two joint or two pairs of DL/UL TCI states, after the UE receives an activation command as described in clause 6.1.3.47 [10, TS 38.321], if the UE receives a DCI that indicates a joint or a pair of DL/UL TCI state, the joint or the pair of DL/UL TCI state is applied instead of the two joint TCI states or the two pairs of DL/UL TCI states. 
For a UE indicated with two joint or two pairs of DL/UL TCI states, if the UE report to support [UECapabilityName], after the UE receives an activation command as described in clause 6.1.3.xx of [10, TS 38.321] in which all the activated joint/DL/UL TCI State(s) are the first joint/DL/UL TCI State(s) or all the activated joint/DL/UL TCI State(s) are the second joint/DL/UL TCI State(s), if the UE receives a DCI that indicates a joint or a pair of DL/UL TCI state, the joint or the pair DL/UL TCI state is applied instead of the two joint or the two pairs of DL/UL TCI states.
< Unchanged parts are omitted >



Misalignment between TCI indication and TCI selection configuration  
Reason for change: Based on current design, misalignment between TCI indication and TCI selection configuration may happen as TCI indication is based on DCI/MAC-CE while, depending on the channel/signal, TCI selection may be based on RRC signalling. Since DCI/MAC-CE and RRC signals are independent and there is no application/release timeline for the RRC signaling, to our understanding, gNB cannot ensure that the application time of the DCI/MAC-CE and RRC signals are aligned. Such misalignment of application time of the two signaling would cause some error cases. Taking switching from sTRP mode to mTRP mode as an example, we illustrate two error cases as below which are also depicted in the two sub-figures of Figure 1. 
· Case 1: Two joint/DL/UL TCI states are applied for the mTRP mode, but the corresponding RRC-configured channel/signal-specific TCI selection parameters are not applied yet, i.e., TCI indication for mTRP mode is applied earlier than the application time of the configured TCI selection parameter for mTRP mode;
· Case 2: Only one joint/DL/UL TCI state is applied for the sTRP mode, i.e., two indicated joint/DL/UL TCI states are not applied yet, but the RRC-configured channel/signal-specific TCI selection parameters are already applied, i.e., TCI indication for mTRP mode is applied later than the application time of the configured TCI selection parameter for mTRP mode. 
 [image: ]
Figure 1. Error cases when switching from sTRP to mTRP
The above two error cases may occur when UE switches from sTRP mode to mTRP. Note that, similar error cases also exist during the switching time from mTRP mode to sTRP mode regardless of whether the Rel-18 MAC-CE which activates TCIs of only one TRP or the Rel-17 MAC-CE is used to fall back to the sTRP mode. To avoid such error cases, UE behavior during the transition time from/to sTRP mode to/from mTRP mode should be defined. We suggest the following simple solutions to address these error cases. 
Proposal 2: On unified TCI framework extension for S-DCI based MTRP, to address the application time misalignment between MAC-CE/DCI based TCI indication and RRC-based TCI selection, 
· When UE applies two indicated joint/DL/UL TCI states but is not indicated with channel/signal-specific “TCI selection” RRC parameter, UE applies only the first indicated joint/DL/UL TCI state for the corresponding channel/signal. 
· When UE applies only one indicated joint/DL/UL TCI state but is indicated with channel/signal-specific “TCI selection” RRC parameter, UE ignores the TCI selection RRC parameter and applies the indicated joint/DL/UL TCI state for the channel/RS.
Note: UE is indicated with channel/signal-specific “TCI selection” RRC parameter if UE has received the RRC parameter and the implementation-based RRC processing time delay has elapsed. 
To accommodate proposal 2, the following text proposal 2 is proposed.
Text proposal #2:
Summary of change: Clarify the UE behavior when TCI indication and TCI selection configuration are misaligned.
Consequences if not approved: It is not clear what TCI state(s) should be applied when TCI indication and TCI selection configuration are misaligned in time. The TCI state used for receiving may be different from the TCI state used for transmission.
	5.1.5	Antenna ports quasi co-location
< Unchanged parts are omitted >
When a UE configured with dl-OrJointTCI-StateList would transmit a PUCCH with positive HARQ-ACK or a PUSCH with positive HARQ-ACK corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduled by the DCI carrying the TCI State indication, and if the indicated TCI State(s) is/are different from the previously indicated one(s), the indicated TCI-State(s) and/or TCI-UL-State(s) should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH or the PUSCH. The first slot and the  symbols are both determined on the active BWP with the smallest SCS among the BWP(s) from the CCs applying the indicated TCI-State(s) or TCI-UL-State(s) that are active at the end of the PUCCH or the PUSCH carrying the positive HARQ-ACK. 
At any time, if a UE is indicated with two joint or two pairs of DL/UL TCI states, but a channel/reference signal that applies unified TCI state is not indicated with the higher layer parameter for TCI state selection, the first joint or the first pair of DL/UL TCI state is applied for the channel/reference signal. 
At any time, if a UE is indicated with a joint or a DL/UL TCI state, but a channel/reference signal is indicated with the higher parameter for TCI state selection, the UE shall ignore the higher layer parameter and apply the indicated joint or DL/UL TCI state for the channel/reference signal.
< Unchanged parts are omitted >



Implicit BFD-RS determination with unified TCI
In RAN1 110bis-e [3], it was agreed to study TRP-specific BFR enhancement based on unified TCI framework.
	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



In Rel-17, per-TRP based BFR was supported for mTRP regime by introducing per-TRP beam failure detection resource (BFD-RS) sets ,  and new beam identification resource (NBI-RS) sets  and . In mDCI based mTRP case, if UE is not provided BFD-RS by RRC, UE determines  and to include the QCL RS of the CORESETs corresponding to coresetPoolIndex 0 and 1, respectively. However, in the sDCI case, such an implicit BFD-RS derivation rule was not specified as grouping of CORESETs is not supported in the sDCI case. In Rel-18, UE can be indicated with two joint/DL TCI states for two TRPs. In order to support an implicit BFD-RS derivation for both mDCI and sDCI based mTRP cases, the two indicated joint/DL TCI states can be used to determine implicit BFD-RS of the two TRPs when BFD-RS sets are not explicitly configured. In RAN1 #112 meeting, this issue was discussed and Proposal 6.1 in the FL summary [4] was proposed. We think the proposal is reasonable and support it. 
Proposal 3: On unified TCI framework extension for S-DCI based MTRP, if the UE is provided the first candidate beam RS list () and the second candidate beam RS set () but not explicitly provided the first BFD-RS set () and the second BFD-RS set () for TRP-specific BFR and if both first and second indicated joint/DL TCI states are configured by RRC to be applied to CORESETs for PDCCH reception, the UE determines the BFD-RS for the first and second BFD-RS sets from the first and second indicated joint/DL TCI states, respectively.
· Note: This is Proposal 6.1 in FL summary [4] in RAN1 112. 
To accommodate proposal 3, the following text proposal 3 is proposed.
Text proposal #3:
Summary of change: When two joint/DL TCI states are indicated and both of them are applied for PDCCH reception, QCL RS of the two joint/DL TCI states are used to determine the BFD-RS of the two TRP.
Consequences if not approved: Implicit BFD-RS is not supported under unified TCI framework for sDCI-based mTRP. RRC reconfiguration is always needed when the serving beam changes which causes a large latency.
	6	Link recovery procedures
< Unchanged parts are omitted >
If the UE is not provided  by failureDetectionResourcesToAddModList for a BWP of the serving cell, the UE determines the set  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for respective CORESETs that the UE uses for monitoring PDCCH. If the UE is not provided  and  for a BWP of the serving cell, the UE determines the set  and  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for first and second CORESETs that the UE uses for monitoring PDCCH, respectively, where the UE is provided two coresetPoolIndex values 0 and 1 for the first and second CORESETs, or is not provided coresetPoolIndex value for the first CORESETs and is provided coresetPoolIndex value of 1 for the second CORESETs, respectively. If there are two RS indexes in a TCI state, the set  or , or  includes RS indexes configured with qcl-Type set to 'typeD' for the corresponding TCI states. If a CORESET that the UE uses for monitoring PDCCH includes two TCI states and the UE is provided sfnSchemePdcch set to 'sfnSchemeA' or 'sfnSchemeB', the set  includes RS indexes in the RS sets associated with the two TCI states.
If the UE is provided  and , but is not provided  and , and two joint or DL TCI states are indicated and both joint or DL TCI states are applied for PDCCH reception according to high layer parameter applyIndicatedTCIState provided in the corresponding CORESET of the PDCCH, the UE determines the set  and  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by the two joint or DL TCI states, respectively.
< Unchanged parts are omitted >



Enhancement for STxMP
Power control for STxMP
	RAN1 #112bis

Proposal 4.1: On unified TCI framework extension for S-DCI based MTRP, down-select one from the followings for PUSCH/PUCCH STxMP:
· 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]

<Agreement>: Pcmax/Pumax for STxMP (RAN4)
· RAN4 agreed to define ‘per-panel’ configured transmitted power for STxMP power control. 
· Total number of panels for ‘per-panel’ Pcmax should be two 
· FFS whether to introduce new inequation for ‘per-panel’ Pumax
· ‘per-panel’ to be replaced in final spec language, FFS how to define per-panel ‘k (k=0,1)’ for PCMAXf,c,k considering following options
· Per TCI state
· Per TCI pool
· Per SRS resource set
· Others based on RAN1 updates are not precluded


In RAN1 #112bis meeting, power control for STxMP (Proposal 4.1 [5]) was discussed and three alternatives were provided for down selection. In Alt1, one UE-specific maximum output power value (i.e., PCMAX,f,c) is adopted to derive the transmission power of each panel. In Alt2 and Alt3, two panel-specific maximum output power values (i.e., PCMAX,f,c,k, where k=0 or 1) are adopted to derive the transmission power of the two panels, respectively.
In RAN4 #107 [6], it was agreed that two panel-specific maximum output power values should be adopted for power control of STxMP. Therefore, Alt1 is naturally excluded. Among Alt2 and Alt3, we think Alt3 should be supported. Note that RAN4 defines per panel PCMAX,f,c,k in addition to the legacy per UE max Tx power PCMAX,f,c. Defining PUSCH/PUCCH Tx power expression entirely based on per panel PCMAX,f,c,k as in Alt2 and without incorporating the legacy per UE max power is not aligned with RAN4 specifications.

Observation 1: For STxMP, RAN4 defines per panel PCMAX,f,c,k in addition to the legacy per UE max Tx power PCMAX,f,c.

If Alt2 is agreed without per UE max power PCMAX,f,c, RAN4 power requirement may be violated since RAN4 reply LS to RAN1 [7] clarifies that “The total TRP over all panels cannot exceed the existing TRP limitation”. Note that, according to RAN4 spec, the total TRP limitation is upheld by properly configuring per UE max power PCMAX,f,c:

	38.101-2, Clause 6.2.4
The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds
[bookmark: _Hlk36570999]PPowerclass + PIBE – MAX(MAX(MPRf,c, A- MPRf,c,) + ΔMBP,n, P-MPRf,c) – MAX{T(MAX(MPRf,c, A- MPRf,c,)), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by
PTMAX,f,c ≤ TRPmax




It is not possible to guarantee that “The total TRP over all panels cannot exceed the existing TRP limitation” just using a per panel power control mechanism only based on per panel maximum power and without having a cap on the total transmit power.

Observation 2: Based on RAN4 reply LS to RAN1 [7] “The total TRP over all panels cannot exceed the existing TRP limitation”. It is not possible to guarantee that such restriction is met just using a per panel power control mechanism only based on per panel maximum power PCMAX,f,c,k and without using total per UE maximum power PCMAX,f,c.
Therefore, we propose to support Alt3 from Proposal 4.1 in RAN1#112bis-e.  
Proposal 4: For power control of STxMP, the UE determines two UL Tx power values for PUSCH/PUCCH STxMP based on two UE-configured maximum output power values PCMAX,f,c,0 and PCMAX,f,c,1. In addition, 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].
· Note: This is Alt3 from Proposal 4.1 in RAN1#112bis-e. 
Following above proposal, power control for STxMP is performed as follows: 
1) First, UE determines one transmission power for each panel based on the corresponding maximum output power value PCMAX,f,c,k for k=0,1. 
2) Then, the UE determines if a power reduction is required. In particular, if the sum of the transmission power of the two panels derived as above is larger than PCMAX,f,c, a power reduction should be performed on the panels to ensure that the sum of the final output power of the two panels does not exceed PCMAX,f,c. 
Following power reduction mechanisms may be considered.
· Opt1: Power reduction on one panel, e.g., on the panel with a relatively larger pathloss.
· Opt2: Equivalent power reduction on both panels, i.e., the reduced power of the two panels are the same.
· Opt3: Ratio based power reduction on both panels, i.e., pre and post-adjustment power ratios of the two panels remain unchanged.
We provide an example to illustrate above three options. Assume that PCMAX,f,c is 23 dBm (i.e., 200 mW) and the transmission powers of panel 1 and panel 2 derived according to PCMAX,f,c,k are 100 mW and 150 mW, respectively. The sum of transmission powers of the two panels is 250 mW, which is 50 mW larger than PCMAX,f,c. Therefore, 50 mW power should be reduced.
According to Opt1 and assuming that panel 2 has a larger pathloss, transmission power of panel 2 should be reduced by 50 mW. After the power adjustment, transmission powers of panel 1 and panel 2 are 100 mW and 100 mW, respectively.
According to Opt2, transmission power of panel 1 and panel 2 should be both reduced by 25 mW. After the power adjustment, transmission powers of panel 1 and panel 2 are 75 mW and 125 mW, respectively.
According to Opt3, transmission power of panel 1 and panel 2 should be reduced by 20 mW and 30 mW with a ratio of 2:3 (i.e., 100 mW: 150 mW). After the power adjustment, transmission powers of panel 1 and panel 2 are 80 mW and 120 mW, respectively.
Among the three options, both Opt1 and Opt2 have the risk that the transmission power of one panel is reduced to 0. In such a case, data transmission on that panel would fail. If SDM transmission is performed, the whole codeword transmission would in fact fail. Opt 3 does not have a similar problem since power reduction is shared by the two panels according to the ratio of their pre-adjustment transmission powers.
Proposal 5: If the sum of transmission powers derived according to the two configured panel-specific maximum output power values (PCMAX,f,c,k) is larger than the configured UE-specific maximum output power value PCMAX,f,c, transmission powers of both panels should be adjusted such that pre and post-adjustment power ratios of the two panels remain unchanged.
To accommodate proposal 4 and proposal 5, the following text proposal 4 is proposed.
Text proposal #4:
Summary of change: Introduce the power control mechanism for STxMP.
Consequences if not approved: Power control is not defined for STxMP and STxMP cannot work.

	7.1.1	UE behaviour
< Unchanged parts are omitted >
If a UE transmits a PUSCH on active UL BWP  of carrier  of serving cell  using parameter set configuration with index  and PUSCH power control adjustment state with index , 
· if the UE is indicated with two joint/DL TCI-state, and is configured with multipanelScheme, and SRS resource set indicator field in the scheduling DCI equals ‘10’, the UE determines the PUSCH transmission power  in PUSCH transmission occasion  with k=0 or 1 for the first or second indicated joint/UL TCI-state:

If ,  is reduced by , where  is derived by

· otherwise, the UE determines the PUSCH transmission power  in PUSCH transmission occasion  as
[image: ] [dBm]
where,
-	is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS 38.101-2] and [8-3, TS 38.101-3] for carrier  of serving cell  in PUSCH transmission occasion .
< Unchanged parts are omitted >




Summary and conclusion

In this contribution, we have the following observations, proposals, and TPs:

Observation 1: For STxMP, RAN4 defines per panel PCMAX,f,c,k in addition to the legacy per UE max Tx power PCMAX,f,c.

Observation 2: Based on RAN4 reply LS to RAN1 [7] “The total TRP over all panels cannot exceed the existing TRP limitation”. It is not possible to guarantee that such restriction is met just using a per panel power control mechanism only based on per panel maximum power PCMAX,f,c,k and without using total per UE maximum power PCMAX,f,c.
Proposal 1: For a UE working in mTRP mode, i.e., having two indicated joint/DL/UL TCI states
· support using Rel-17 TCI activation MAC-CE to indicate UE to fall back to sTRP mode as a baseline;
· support using Rel-18 TCI activation MAC-CE (which only activates TCI states for one TRP) to indicate UE to fall back to sTRP mode as a UE feature;

To accommodate proposal 1, the following text proposal 1 is proposed.
Text proposal #1:
Summary of change: Introduce the condition for UE to fallback to the sTRP mode.
Consequences if not approved: Once UE is in unified TCI-based mTRP mode, it will always maintain two sets of TCI-states for two TRPs and does not fall back to the sTRP mode even when only one serving TRP is used for transmission.
	5.1.5	Antenna ports quasi co-location
< Unchanged parts are omitted >
The UE receives an activation command, as described in clause 6.1.3.xx of [10, TS 38.321], 6.1.3.47 of [10, TS 38.321] or 6.1.4.xx of [10, TS 38.321], used to map up to 8 TCI states and/or pairs of TCI states, with one TCI state for DL channels/signals and/or one TCI state for UL channels/signals to the codepoints of the DCI field 'Transmission Configuration Indication' for one or for a set of CCs/DL BWPs, [and/] or up to 8 sets of TCI states, where each set is comprised of up to two TCI state(s) for DL and UL signals/channels, or up to two TCI state(s) for DL channels/signals and up to two TCI state(s) for UL channels/signals to the codepoints of the DCI field 'Transmission Configuration Indication' for one or for a set of CCs/DL BWPs, and if applicable, for one or for a set of CCs/UL BWPs. When a set of TCI state IDs are activated for a set of CCs/DL BWPs and if applicable, for a set of CCs/UL BWPs, where the applicable list of CCs is determined by the indicated CC in the activation command, the same set of TCI state IDs are applied for all DL and/or UL BWPs in the indicated CCs. If the activation command maps TCI-State(s) and/or TCI-UL-State(s) to only one TCI codepoint, the UE shall apply the indicated TCI-State(s) and/or TCI-UL-State(s) to one or to a set of CCs /DL BWPs, and if applicable, to one or to a set of CCs /UL BWPs once the indicated mapping for the one single TCI codepoint is applied as described in [11, TS 38.133].
For a UE indicated with two joint or two pairs of DL/UL TCI states, after the UE receives an activation command as described in clause 6.1.3.47 [10, TS 38.321], if the UE receives a DCI that indicates a joint or a pair of DL/UL TCI state, the joint or the pair of DL/UL TCI state is applied instead of the two joint TCI states or the two pairs of DL/UL TCI states. 
For a UE indicated with two joint or two pairs of DL/UL TCI states, if the UE report to support [UECapabilityName], after the UE receives an activation command as described in clause 6.1.3.xx of [10, TS 38.321] in which all the activated joint/DL/UL TCI State(s) are the first joint/DL/UL TCI State(s) or all the activated joint/DL/UL TCI State(s) are the second joint/DL/UL TCI State(s), if the UE receives a DCI that indicates a joint or a pair of DL/UL TCI state, the joint or the pair DL/UL TCI state is applied instead of the two joint or the two pairs of DL/UL TCI states.
< Unchanged parts are omitted >



Proposal 2: On unified TCI framework extension for S-DCI based MTRP, to address the application time misalignment between MAC-CE/DCI based TCI indication and RRC-based TCI selection, 
· When UE applies two indicated joint/DL/UL TCI states but is not indicated with channel/signal-specific “TCI selection” RRC parameter, UE applies only the first indicated joint/DL/UL TCI state for the corresponding channel/signal. 
· When UE applies only one indicated joint/DL/UL TCI state but is indicated with channel/signal-specific “TCI selection” RRC parameter, UE ignores the TCI selection RRC parameter and applies the indicated joint/DL/UL TCI state for the channel/RS.
Note: UE is indicated with channel/signal-specific “TCI selection” RRC parameter if UE has received the RRC parameter and the implementation-based RRC processing time delay has elapsed. 
To accommodate proposal 2, the following text proposal 2 is proposed.
Text proposal #2:
Summary of change: Clarify the UE behavior when TCI indication and TCI selection configuration are misaligned.
Consequences if not approved: It is not clear what TCI state(s) should be applied when TCI indication and TCI selection configuration are misaligned in time. The TCI state used for receiving may be different from the TCI state used for transmission.
	5.1.5	Antenna ports quasi co-location
< Unchanged parts are omitted >
When a UE configured with dl-OrJointTCI-StateList would transmit a PUCCH with positive HARQ-ACK or a PUSCH with positive HARQ-ACK corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduled by the DCI carrying the TCI State indication, and if the indicated TCI State(s) is/are different from the previously indicated one(s), the indicated TCI-State(s) and/or TCI-UL-State(s) should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH or the PUSCH. The first slot and the  symbols are both determined on the active BWP with the smallest SCS among the BWP(s) from the CCs applying the indicated TCI-State(s) or TCI-UL-State(s) that are active at the end of the PUCCH or the PUSCH carrying the positive HARQ-ACK. 
At any time, if a UE is indicated with two joint or two pairs of DL/UL TCI states, but a channel/reference signal that applies unified TCI state is not indicated with the higher layer parameter for TCI state selection, the first joint or the first pair of DL/UL TCI state is applied for the channel/reference signal. 
At any time, if a UE is indicated with a joint or a DL/UL TCI state, but a channel/reference signal is indicated with the higher parameter for TCI state selection, the UE shall ignore the higher layer parameter and apply the indicated joint or DL/UL TCI state for the channel/reference signal.
< Unchanged parts are omitted >



Proposal 3: On unified TCI framework extension for S-DCI based MTRP, if the UE is provided the first candidate beam RS list () and the second candidate beam RS set () but not explicitly provided the first BFD-RS set () and the second BFD-RS set () for TRP-specific BFR and if both first and second indicated joint/DL TCI states are configured by RRC to be applied to CORESETs for PDCCH reception, the UE determines the BFD-RS for the first and second BFD-RS sets from the first and second indicated joint/DL TCI states, respectively.
· Note: This is Proposal 6.1 in FL summary [4] in RAN1 112. 
To accommodate proposal 3, the following text proposal 3 is proposed.
Text proposal #3:
Summary of change: When two joint/DL TCI states are indicated and both of them are applied for PDCCH reception, QCL RS of the two joint/DL TCI states are used to determine the BFD-RS of the two TRP.
Consequences if not approved: Implicit BFD-RS is not supported under unified TCI framework for sDCI-based mTRP. RRC reconfiguration is always needed when the serving beam changes which causes a large latency.
	6	Link recovery procedures
< Unchanged parts are omitted >
If the UE is not provided  by failureDetectionResourcesToAddModList for a BWP of the serving cell, the UE determines the set  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for respective CORESETs that the UE uses for monitoring PDCCH. If the UE is not provided  and  for a BWP of the serving cell, the UE determines the set  and  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for first and second CORESETs that the UE uses for monitoring PDCCH, respectively, where the UE is provided two coresetPoolIndex values 0 and 1 for the first and second CORESETs, or is not provided coresetPoolIndex value for the first CORESETs and is provided coresetPoolIndex value of 1 for the second CORESETs, respectively. If there are two RS indexes in a TCI state, the set  or , or  includes RS indexes configured with qcl-Type set to 'typeD' for the corresponding TCI states. If a CORESET that the UE uses for monitoring PDCCH includes two TCI states and the UE is provided sfnSchemePdcch set to 'sfnSchemeA' or 'sfnSchemeB', the set  includes RS indexes in the RS sets associated with the two TCI states.
If the UE is provided  and , but is not provided  and , and two joint or DL TCI states are indicated and both joint or DL TCI states are applied for PDCCH reception according to high layer parameter applyIndicatedTCIState provided in the corresponding CORESET of the PDCCH, the UE determines the set  and  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by the two joint or DL TCI states, respectively.
< Unchanged parts are omitted >



Proposal 4: For power control of STxMP, the UE determines two UL Tx power values for PUSCH/PUCCH STxMP based on two UE-configured maximum output power values PCMAX,f,c,0 and PCMAX,f,c,1. In addition, 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].
· Note: This is Alt3 from Proposal 4.1 in RAN1#112bis-e. 
Proposal 5: If the sum of transmission powers derived according to the two configured panel-specific maximum output power values (PCMAX,f,c,k) is larger than the configured UE-specific maximum output power value PCMAX,f,c, transmission powers of both panels should be adjusted such that pre and post-adjustment power ratios of the two panels remain unchanged.
To accommodate proposal 4 and proposal 5, the following text proposal 4 is proposed.
Text proposal #4:
Summary of change: Introduce the power control mechanism for STxMP.
Consequences if not approved: Power control is not defined for STxMP and STxMP cannot work.

	7.1.1	UE behaviour
< Unchanged parts are omitted >
If a UE transmits a PUSCH on active UL BWP  of carrier  of serving cell  using parameter set configuration with index  and PUSCH power control adjustment state with index , 
· if the UE is indicated with two joint/DL TCI-state, and is configured with multipanelScheme, and SRS resource set indicator field in the scheduling DCI equals ‘10’, the UE determines the PUSCH transmission power  in PUSCH transmission occasion  with k=0 or 1 for the first or second indicated joint/UL TCI-state:

If ,  is reduced by , where  is derived by

· otherwise, the UE determines the PUSCH transmission power  in PUSCH transmission occasion  as
[image: ] [dBm]
where,
-	is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS 38.101-2] and [8-3, TS 38.101-3] for carrier  of serving cell  in PUSCH transmission occasion .
< Unchanged parts are omitted >
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