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1 Introduction
In this contribution, we discuss the remaining issues related to unified TCI framework extension for multi-TRP to fulfil the WID objectives [1].   

2.  TCI State Update and Activation 
In RAN1 112bis meeting, the following was agreed [2]: 
	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



Based on the agreement above, a UE can not assume to switch back to sTRP when it receives a TCI codedpoint with a subset TCI-states. It reamins FFS regarding how to indicate that operation mode for a CC between Rel-18 S-DCI based MTRP and sTRP. One simple solution is to determine the mode based on the received TCI activation MAC-CE as follows: 
· A CC/BWP is operated in Rel-18 S-DCI based MTRP if Rel-18 TCI state activation command MAC-CE is received; 
· Otherwise, it is operated in Rel-17 sTRP if a Rel-17 TCI state activation command MAC-CE is received,
The Rel-17 and Rel-18 TCI-State Activation MAC-CE are identified by dedicated (e)LCIDs as defined by RAN2. 

Proposal 1: 
· A CC/BWP is operated in Rel-18 S-DCI based MTRP if Rel-18 TCI state activation command MAC-CE is received; 
· Otherwise, it is operated in Rel-17 sTRP if a Rel-17 TCI state activation command MAC-CE is received. 



3.  Uplink Power Control for STxMP operation 
In RAN1 109 e-Meeting, the following agreement was made for power control parameter determination for unified TCI framework extension [4]: 
	Agreement
On unified TCI framework extension, if an indicated joint or UL TCI state applies to a PUSCH /PUCCH transmission occasion at least for S-DCI based PUSCH/PUCCH repetition with TDM and the indicated joint or UL TCI state is associated with an UL PC parameter setting for PUSCH /PUCCH (including P0, alpha for PUSCH , and closed loop index) and a PL-RS, the UE should apply the UL PC parameter setting and the PL-RS for the PUSCH /PUCCH transmission occasion.
· FFS: How to extend to other Rel-18 MTRP scheme(s) with STxMP, if supported 
· FFS: UL PC enhancement for CB and non-CB SRS in above case
FFS: The applied UL PC parameter setting if one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH 





On the first FFS aspect, the detailed power control scheme for STxMP depends on the exact operation of STxMP, especially per-UE or per-Panel maximum power and whether and how the cross-panel power sharing is supported, which are normally handled by RAN4.


In [4], RAN4 provided design principles for power control of STxMP operation in reponse to the RAN1 LS [5]:

	Some definitions for ‘conditions’ below:
1. The total EIRP in any one direction refers to the aggregated EIRP of all beams over all panels in that direction.
2. The existing EIRP limitation refers to the max. EIRP in the power class definition of the UE for single band operation.
3. The existing TRP limitation refers to the max. TRP in the power class definition of the UE for single band operation.
RAN4 would like to confirm to RAN1 the conditions to be simultaneously met by a UE for STxMP:
1. The total EIRP over all panels cannot exceed the existing EIRP limitation. 
2. The total TRP over all panels cannot exceed the existing TRP limitation.
3. The sum of per-panel EIRP power limitation for STxMP can be greater than the existing EIRP limitation. 
a. See condition #1, which must always be obeyed. 
b. In cases where the beams for each panel have low enough spatial overlap, this clause allows EIRP for each panel to individually approach the existing EIRP limitation.
c. RAN4 has not completed spec. definition work for ‘per panel EIRP power limitation’.
4. No explicit ‘per-panel’ TRP limit is deemed necessary.



The following was further agreed in RAN4 108 meeting [6]: 
	<Agreement>: Pcmax/Pumax for STxMP
· 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 


Based on the latest agreement, the following configured transmitted power are to be specified for STxMP: 
· ‘per-panel’ configured power:  where  represents the panel index
· ‘per-panel’ ‘per cc’ configured power: 
Typically, each panel is implemented with separate RF components (e.g., phase shifters, radiation interface) and power amplifer. This motivates to define independent power control for each panel. More specifically, to minimize the specification impact, the exisiting uplink power control mechanism can be directly reused for each panel with treating each panel as a ‘single device’ and replaces the  by . 
In addition, TRP is used for power control in RAN1 spec and RAN4 provided the following guideline for TRP limitation [3]: 
· The total TRP over all panels cannot exceed the existing TRP limitation. 
· The existing TRP limitation refers to the max. TRP in the power class definition of the UE for single band operation. 
In our view, TRP requirement can be fulfiled by properly setting the  values to ensure . In a power limited case, the existing prioritization rule can be reused for each panel and therefore the total TRP over all panels would not exceed the existing TRP limitation .  
Hence, we propose:
Proposal 2: 
· For STxMP operation, support independent power control for UL transmissions on each panel. 
· Separate ‘per-panel’ configured power and ‘per-panel’ ‘per cc’ configured power are supported for panels, where  represent the panel index.
· Reuse the existing power control mechanisms for each panel by replacing  by  . 
· Reuse the exisiting prioritization rule for power scaling operation in power limited case. 


4.  Power Headroom Report (PHR) for STxMP operation 
For NR, the PHR is reported per CC. For Rel-18 STxMP operation with two panels, RAN4 agreed to introduce panel-specific configured power. It is feasible to extend PHR per panel per CC to faciliate the resource allocation and link adapation for UL transmisson on each panel. 
Proposal 4: Support per-panel PHR report for STxMP operation.  


Another FFS aspect is how to trigger PHR for STxMP operation and what is included in a PHR report. Since Rel-15, the UE reports Type-1 virtual PHR based on the reference PUSCH transmission when the path loss has changed more than phr-Tx-PowerFactorChange dB for at least one activated Serving Cell of any MAC entity. This provides necessary information for NW on how close the UE is operating to its maximum configured power for each CC. Although separate PAs are typically implemented for two panels in STxMP operation, the MPR or P-MTRP values of two panels are likely to be correlated (e.g., to meet the RAN4 requirement) and eventually impact the PH for date scheduling. Therefore, we prefer to reuse the exsiting PHR triggering conditions for each panel. More specifically, if path loss variation for one panel has changed more than a RRC-configured threshold, a PHR is triggered. In addtion, UE shall include PHR values computated for each panel of an activated serving cells.  

Proposal 3: 
· If path loss variation for one panel has changed more than a RRC-configured threshold, a PHR is triggered. 
· Once a PHR is triggered, a UE shall include the PH values computated for each panel of an activated serving cells into the PHR MAC-CE. 



5. Conclusion 
In this contribution, we have presented our views on how to extend the Rel-17 unified TCI framework to mTRP. Based on the discussions in the previous sections, we propose the following: 

Proposal 1: 
· A CC/BWP is operated in Rel-18 S-DCI based MTRP if Rel-18 TCI state activation command MAC-CE is received; 
· Otherwise, it is operated in Rel-17 sTRP if a Rel-17 TCI state activation command MAC-CE is received. 

Proposal 2: 
· For STxMP operation, support independent power control for UL transmissions on each panel. 
· Separate ‘per-panel’ configured power and ‘per-panel’ ‘per cc’ configured power are supported for panels, where  represent the panel index.
· Reuse the existing power control mechanisms for each panel by replacing  by  . 
· Reuse the exisiting prioritization rule for power scaling operation in power limited case. 
Proposal 3: Support per-panel PHR report for STxMP operation.  
Proposal 4: 
· If path loss variation for one panel has changed more than a RRC-configured threshold, a PHR is triggered. 
· Once a PHR is triggered, a UE shall include the PH values computated for each panel of an activated serving cells into the PHR MAC-CE. 
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