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1 Introduction
RAN4 discussed the overall impact on UE RF requirements by considering the status of other working groups of the Rel-18 MIMO WI. As of now, the simultaneous transmission with multi-panel (STxMP) has been identified as the only topic having the UE RF impacts in Rel-18, and RAN4 approved several WFs on UE RF requirements for STxMP in the last couple of meetings. Following agreements are captured in the latest WF [1]. 
	<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 

<Agreement>: Other UE RF requirements
· For STxMP UE architecture, the ability to steer two UL beams independently is a minimum capability. Other than that, it should be left to UE implementation
· FFS whether/how to define ‘per-panel’ MPR/A-MPR
· FFS whether/how to handle the testability issue

<Agreement>: RAN4 work scope
· RAN4 agreed to consider ‘per-panel’ configured transmitted power (clause 6.2X.4) for WI completion



Based on the WF, companies need to have further discussions on how to specify the configured output power for STxMP and corresponding UE RF requirements to support STxMP within the scope.
Regarding the configured output power inequation for STxMP, RAN4 has discussed how to define ‘k (k=0,1)’ if the ‘per-panel’ PCMAXf,c,k is introduced for ‘per-panel’ power control. Among the multiple options provided by input contributions for ‘k’, RAN4 should determine the best ‘spec language’ to replace the term of ‘panel’ based on RAN1 status where to define the association between the UE panel and TRP for STxMP operations. 
In this contribution, we would like to provide our view to define ‘k’ based on the analysis of the options on the table. In addition, given that this meeting is the last meeting of RAN1 for Rel-18 MIMO WI, a draft LS to inform RAN1 about the plan and agreement of RAN4 will follow in order for the fruitful discussion in both WGs. 
2 Discussion
2.1	Configured transmitted power for STxMP
As agreed in the last meeting, RAN4 is promised to introduce ’per-panel’ PCMAX for STxMP in Rel-18. By deciding the exact definition of the PCMAX, it is able for RAN1 to complete the feature in terms of the PUSCH/PUCCH power calculation, and for RAN4 to discuss and specify the corresponding requirements for STxMP. It is also important to understand how the multiple PCMAX values can associate with the RAN1 operation, e.g., association between the panel and TRP for the case when each TRP configures the UL transmission separately. Given the discussion, at the last meeting, it is first agreed that the number of PCMAXf,c,k should be limited to two for the STxMP UE as the number of simultaneous activated panels transmitting to different TRP. It is the same understanding with that RAN4 has the technical consensus on determining the PCMAX value per ‘panel’ for STxMP.
Observation 1: It is agreed that the number of PCMAXf,c,k should be limited to two for the STxMP UE as the number of simultaneous activated panels transmitting to different TRP.
However, the panel needs to be replaced by a spec word properly. So far, there are three proposals to define ‘k’, i.e., ‘panel’, which are TCI state, TCI pool or SRS resource set as the ‘panel’ would not be defined in 3GPP. In our understanding, all the proposals can be a good option to enable the independent power control for each panel as they can represent ‘k’ with different methods as follows.
Association to the TCI state has been considered as an intuitive solution because the TCI state broadly indicates the beam used for the UL between a TRP and a UE at a certain time as defined in TS 38.331. However, it was also the common understanding that the ‘per-TCI state’ PCMAX for every TCI state would be unnecessary for the STxMP UE transmitting with two TCI states with two panels. In other word, the STxMP UE does not have to consider 64 TCI states for two ‘per-TCI state’ PCMAX. This is also because the number of TCI state combinations that UE should consider will even rise exponentially if we simply think about the enhanced scenario such as CA and more panels in the future. Therefore, although it is a straightforward ‘spec word’, it was believed that the ‘per-TCI state’ would not perfectly match the STxMP operation, which is that the two PCMAX values should be determined by two panels or TRPs separately. It needs further discussion in RAN4 by taking into account the association between the panel and TRP, which is ongoing in RAN1 discussion.
Observation 2: For ‘per-TCI state’, although it is a straightforward ‘spec word’, it was believed that the ‘per-TCI state’ would not perfectly match the STxMP operation.
Regarding ‘per-TCI pool’, it is proposed to handle the number of state ‘k’ with two combined pairs/groups based on the relationship between the panel and TRP as ‘TCI pool’ is an existing concept used in RAN1 per RRC configuration, which is from network perspective [2]. Also, since the TRP specific power control was assumed for multi-TRP and still is being considered in RAN1 for STxMP, the ‘TCI pool’ can indicate a TRP where a panel of UE transmits to. For example, the STxMP UE can divide multiple TCI states which are configured by the network into two groups, i.e., ‘TCI pool’, and the UE can decide PCMAX by panel based on the group. Then, the first set of TCI states corresponds to the first TRP, and the second set of TCI states can be for the second TRP in the STxMP scenario. Therefore, the ‘per-TCI pool’ PCMAX enables UE to set up two PCMAXf,c,p clearly for two TRPs, i.e., one PCMAXf,c,p per TCI pool, in case of the two-panel transmission. Other details such as defining the relationship between the TRP specific PCMAX and the TCI state can be defined in RAN1, and what RAN4 needs to do is to define the PCMAXf,c,p and its RF requirements. 
‘TCI pool’ is an existing concept used in RAN1 per component carrier as a unit of RRC configuration. 
Observation 3: Per-TCI pool PCMAX enables the TRP specific UL power configuration, and UE to set up two PCMAXf,c,p clearly for two TRPs for STxMP.
Observation 4: RAN4 needs to define the PCMAXf,c,p and its RF requirements. Other details such as the relationship between the TRP specific PCMAX and the TCI state can be defined in RAN1.
Lastly, ‘per-SRS resource set’ is on the list as proposed in [3], and it is also an applicable option to have multiple PCMAX for STxMP based on the RAN1 agreement as RAN1 agreed to have two SRS resource sets for both single and multiple DCI based multi-TRP operations. For example, the SRS resource set can be configured by each TRP, and the two configured SRS resource sets can be considered corresponding to active two panels one by one. In other words, each SRS resource set can be considered as corresponding each TRP where each panel transmitting to. Then, similar to the ‘TCI pool’ above, the first SRS resource set can relate to the first TRP, and the second SRS resource set can be for the second TRP with some TRP specific parameters. Therefore, PCMAXf,c,k can be defined by the index of SRS resource set. However, as commented by companies before, the PCMAX per-SRS resource set might need more discussions as it there is nothing about SRS resource set in the TCI state field currently.
Observation 5: PCMAX per SRS resource set is an applicable option based on the RAN1 agreement. However, it might need more discussions as it there is nothing about SRS resource set in the TCI state field currently.
Based on the summary above, all the proposed solutions on the table are possible to represent ‘panel’ for ‘per-panel’ PCMAX into the spec language. However, given a choice of them, it is believed that the ‘TCI pool’ would be the most suitable method for ‘k’ as it can have further merit in terms of the agreed maximum number of ‘k’ with the multiple TCI states which are more about the UL transmission for both single and multi-DCI in STxMP operation.
Observation 6: Based on the summary above, the ‘TCI pool’ would be the most suitable method for ‘k’.
Proposal 1: The per-panel ‘k (k=0,1)’ for PCMAXf,c,k should be defined by ‘TCI pool’ to make ‘panel’ be spec language.
2.2	Additional LS to RAN1
RAN4 has sent RAN1 two reply LSs on STxMP during the WI [4, 5], but all of them are to answer to the questions in the original LS from RAN1 [6]. Looking back on the answers sent before, RAN4 has reached some agreements and piled additional ones on top of them in the last meeting such as the discussion plan for ‘per-panel’ PCMAX, or work scope of UE RF discussion as noted in the WF. Those can be milestones for RAN1 as well as RAN4 for Rel-18 STxMP in our understanding. For example, our plan to define ‘per-panel’ configured transmitted power with the limited number of ‘panels’, i.e., (k=0,1), should be an important message for RAN1 because RAN1 has to discuss how to define the STxMP power control based on the two ‘per-panel’ PCMAX. It is also good to share what RAN4 is discussing to define ‘k’ with RAN1. 
The best scenario for sharing this information would be to send the LS after RAN4 gets the final agreement. However, given that August meeting is the last meeting of RAN1 for Rel-18 STxMP discussion, in our view, it is still better to send them our status based on the previous WF. Therefore, the proposed LS in Annex should be sent in this meeting as early as possible.
Observation 7: RAN4 has reached some agreements and piled additional ones on top of them in the last meeting, which are important for STxMP power control in RAN1 based on the two ‘per-panel’ PCMAX.
Proposal 2: Given that August meeting is the last meeting of RAN1 for Rel-18 STxMP discussion, RAN4 should send additional LS to RAN1 as early as possible based on the previous WF.
3	Conclusion
Based on the previous RAN4 discussions and analysis of the proposals on the table, this contribution is to find out the optimum solution for the per-panel configured output power for STxMP. A draft LS to inform RAN1 about the plan and agreement of RAN4 is proposed given the timeline of Rel-18 MIMO WI for RAN1.
Observation 1: It is agreed that the number of PCMAXf,c,k should be limited to two for the STxMP UE as the number of simultaneous activated panels transmitting to different TRP.
Observation 2: For ‘per-TCI state’, although it is a straightforward ‘spec word’, it was believed that the ‘per-TCI state’ would not perfectly match the STxMP operation.
Observation 3: Per-TCI pool PCMAX enables the TRP specific UL power configuration, and UE to set up two PCMAXf,c,p clearly for two TRPs for STxMP.
Observation 4: RAN4 needs to define the PCMAXf,c,p and its RF requirements. Other details such as the relationship between the TRP specific PCMAX and the TCI state can be defined in RAN1.
Observation	5: PCMAX per SRS resource set is an applicable option based on the RAN1 agreement. However, it would not perfectly match the STxMP operation as it there is nothing about SRS resource set in the TCI state field currently.
Observation	6: Based on the summary above, the ‘TCI pool’ would be the most suitable method for ‘k’.
Proposal 1: The per-panel ‘k (k=0,1)’ for PCMAXf,c,k should be defined by ‘TCI pool’ to make ‘panel’ be spec language.
Observation 7: RAN4 has reached some agreements and piled additional ones on top of them in the last meeting, which are important for STxMP power control in RAN1 based on the two ‘per-panel’ PCMAX.
Proposal 2: Given that August meeting is the last meeting of RAN1 for Rel-18 STxMP discussion, RAN4 should send additional LS to RAN1 as early as possible based on the previous WF.
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1	Overall description
RAN4 continues studying how to support per-panel power limitation for STxMP after sending two reply LSs, i.e., R4-2303493 and R4-2306657. So far, RAN4 made following agreements on the ’per-panel’ configured transmitted power requirement:
	<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 

<Agreement>: Other UE RF requirements
· For STxMP UE architecture, the ability to steer two UL beams independently is a minimum capability. Other than that, it should be left to UE implementation
· FFS whether/how to define ‘per-panel’ MPR/A-MPR
· FFS whether/how to handle the testability issue

<Agreement>: RAN4 work scope
· RAN4 agreed to consider ‘per-panel’ configured transmitted power (clause 6.2X.4) for WI completion



As summarized above, RAN4 agrees to defining ‘per-panel’ configured transmitted power, and the total number of PCMAXf,c,k for STxMP operation will be two, e.g., k (k=0,1). However, it is still ongoing that how to define ‘k’ in order to replace ’per-panel’ with the spec language. So far, RAN4 has come up with three alternative options to associate ’k’ with STxMP such as: 
· Per TCI state
· Per TCI pool
· Per SRS resource set
Also, it should be noted that RAN4 agreed to focus on ‘per-panel’ configured transmitted power in Rel-18. It is FSS whether to specify corresponding ‘per-panel’ UE RF requirements for STxMP which need more considerations from RF and testing perspectives, e.g., correlation between two panels, in Rel-18.
Taking into account the agreement and plan above, RAN4 kindly asks RAN1 to consider how to utilize the two PCMAXf,c,k for defining new index of the panel/TRP for STxMP.
2	Actions
To RAN1
ACTION: 	RAN4 respectively asks RAN1 to consider the RAN4 agreements on the configured transmitted power per panel for STxMP operation.

3	Dates of next TSG RAN WG 4 meetings
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]TSG-RAN WG4 Meeting #108-bis		October 2023			Xiamen, CN
TSG-RAN WG4 Meeting #109			November 2023		Chicago, IL, US


