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1 Introduction
RAN4 discussed the overall impact of UE RF requirements to support the simultanoues tranmission with multi-panel (STxMP) under the Rel-18 MIMO WI. Much progress seems to have been made in the past meetings to support the feature of STxMP in Rel-18. In particular, after RAN4 agreed to introduce the ’per-panel’ configured transmitted power, i.e., PCMAX,f,c,k, for the ’per-panel’ uplink power control defined in RAN1, it has been tried to make decisions about how to specify PCMAX,f,c,k and relavant requirements such as MPRf,c,k/A-MPRf,c,k to support PCMAX,f,c,k. The latest approved WF showing the status can be found in [1].
	<Sub-topic 1-1> Overlapped beam handling
<Online agreement> 
· Overlapping indication is not needed in Rel-18
· Further discuss overlapping indications in the future release.

<Sub-topic 1-2> PUMAX,f,c,k
<Online agreement> 
· Introduce PUMAX,f,c,k in the core requirements with minimal impacts in Rel-18
· FFS of PUMAX,f,c  and PUMAX,f,c,k on the testability issue in future release
· FFS on the minimal impacts

<Sub-topic 1-3> MPRf,c,k/A-MPRf,c,k
<Way forward>: MPRf,c,k/A-MPRf,c,k derivation without overlapped beam indication
-	Option 1: MAX(MPRf,c, A- MPRf,c,) + X dB, where X is
	-	Option 1a: 10*log (number of UL TCI-states indicated for STxMP) dB 
	-	Option 1b: [3 dB] for STxMP
-	Option 2: MAX(X, MPRf,c, A- MPRf,c,), where X is
	-	Option 2a: 10*log (number of UL TCI-states indicated for STxMP) dB 
	-	Option 2b: [3 dB] for STxMP
<Way forward>: Additional relaxation (TSTxMP)
-	Whether to leave additional relaxation, outside of MAX(MPR) to the lower bound, will be further discussed together with MPRf,c,k and/or for future implementation constraints

<Sub-topic 1-4> P-MPRf,c,k
<Agreement>: P-MPR and PHR enhancement for Rel-18 STxMP
-	Recommended WF: P-MPR value is completely left to UE implementation for MPE compliance

<Sub-topic 1-5> Testability
<Agreement>: Whether to send LS to RAN5, with following proposal
-	Do not send LS to RAN5 and stop further discussion in this release. 



As noted in [1], one important parameter to derive PCMAX for STxMP is left unsettled even in the last meeting, which is to apply a relaxation factor, i.e., MPRf,c,k/A-MPRf,c,k and/or TSTxMP to the lower bound of ‘per-panel’ PUMAX,f,c,k for the regulatory requirements and/or ‘minimal impacts’. Also, based on the agreements [2-3] and LSs [4-5] on the ‘per-panel, k’, the follow-up discussion about how to incorporate or demonstrate the PCMAX,f,c,k into the RAN4 spec should be decided in this final meeting, RAN4#109. 
This contribution is to provide our view on the remaining issues to complete the WI. A corresponding CR to introduce the configured transmit power for STxMP will follow based on the previous agreements and the perspective of concluding the discussion with middle ground [6]. 
2 Discussion
2.1	MPR/A-MPRf,c,k
As RAN4 agreed to specify PUMAX,f,c,k, the MPR/A-MPR requirements in the inequation should also be discussed to capture the ‘per-panel’ concept for the completion of the PUMAX,f,c,k lower limit. For the ‘per-panel’ MPR/A-MPR, those can be determined based on some specific derivation rules on top of the legacy MPRf,c/A-MPRf,c requirements. In other words, the existing MPR/A-MPR requirements applied to the single panel transmission can also apply to the ‘per-panel’ MPR/A-MPR for STxMP, respectively, by adding some rules for certain cases. In that sense, most proposals submitted so far are based on the MPRf,c.
Observation 1: Existing MPR/A-MPR requirements applied to the single panel transmission can also apply to the ‘per-panel’ MPR/A-MPR for STxMP, respectively, by adding some specific rules for certain cases.
In addition, it has been noted that all the regulatory requirements should be considered and kept to comply with the existing limit, which is ‘per-UE’ requirements such as max EIRP and/or max TRP depending on the region. As the max TRP compliance is also important for legacy TRP-based requirements, it should be respected for all cases while keeping the legacy MPRf,c/A-MPRf,c. 
Observation 2: All the regulatory requirements should be considered and kept to comply with the existing limit, which is ‘per-UE’ requirements such as max EIRP and/or max TRP depending on the region.
One possible way for MPRf,c,k and A-MPRf,c,k to retain the principle and to move forward would be to guarantee the 3dB relaxation with the existing MPRf,c and A-MPRf,c requirements for all cases, regardless of the original MPR requirements. In our understanding, a conditional relaxation such as MAX(3dB, MPRf,c,k, A- MPRf,c,k) can be applied to the MPR derivation rule, not only for the regulatory and/or TRP-based requirements, but also for the performance benefit considering mDCI case with different TCI states. Additional relaxation outside of MAX(MPRs) in the lower limit, ΔTSTxMP, can be determined by further discussion together with other ‘per-panel’ requirement. 
However, given the agreement we had for the ‘minimal impact’ of PUMAX,f,c,k introduction, an additional relaxation outside of MAX(MPRf,c,k, A- MPRf,c,k) can also be considered for the sake of the progress as it has the least impact to support STxMP at this stage. 
Observation 3: A relaxation value can be applied not only for the regulatory and/or TRP-based requirements, but also for the future discussion with other constraints of the multi-panel transmission.
Proposal 1: Both performance benefit under mDCI case and the least impact should be considered to define the final lower limit of PUMAX for STxMP.
2.2	Definition of ’k’
Another remaining issue for the work completion is how to define the index k for PCMAX,f,c,k. As this part is closely related to RAN1 and has impacts on their spec to determine UL power control, the PCMAX,f,c,k for STxMP should be based on the common understanding of STxMP operation defined and concluded in RAN1. This is the reason why we have proposed to consider the association between a UE panel (Tx) and a TRP (Rx) from the beginning. In other words, even though RAN4 defines how to derive the range of PCMAX value with its lower and upper bounds, the most important target of the PCMAX is to determine the transmission power of the UL channels defined in RAN1. 
Observation 4: RAN4 has to consider the association between a UE panel (Tx) and a TRP (Rx) for STxMP operations in order to define the ‘per-panel, k’ of PCMAX,f,c,k because the most important target of the PCMAX is to determine the transmission power of UL channels defined in RAN1.
Based on the principle above, in RAN4#107, RAN4 agreed to define ’per-panel’ configured transmitted power for STxMP power control, and the total number of ‘per-panel’ PCMAX is two, i.e., ‘k(k=0,1)’, as below [2].
	<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 



After the agreement, RAN4 confirmed RAN1 again in that the number of PCMAX,f,c,k is two, and ‘k(k=0,1)’ corresponds to the first and second indicated joint/UL TCI states, respectively, as below [5]. 
	1. Overall Description:
[bookmark: _Hlk143633484][bookmark: _Hlk143633573]RAN4 have performed further analysis since replying to (R1-2205639) ‘LS on UE power limitation for STxMP in FR2’. RAN4 have concluded that the configured transmitted power during STxMP shall be defined per indicated joint/UL TCI state for STxMP, i.e., it will be defined as PCMAXf,c,k where ‘k (k=0,1)’ corresponds to the first and second indicated joint/UL TCI states, respectively. 



Observation 5: RAN4 agreed and confirmed RAN1 in that the number of PCMAX,f,c,k is two, and ‘k(k=0,1)’ corresponds to the first and second indicated joint/UL TCI states, respectively.
Looking into the LS in detail, it includes an important message that the two ‘per-panel’ PCMAX,f,c,k values will be set as ‘k (k=0,1)’, and they will CORRESPOND to the first and second indicated joint/UL TCI states (per-panel). But it does not mean that two PCMAX,f,c,k values will be picked/calculated out of 128 PCMAX,f,c,k of 128 UL TCI states (per-beam). 
The same logic already applies to the legacy configured transmitted power for the single panel transmission. Although a single TCI state is indicated out of 128 UL TCI states at a time for the single panel transmission, the configured output power has never been defined per TCI state, or never been changed due to the TCI state change. This is not only from the specification but also from the implementation fact that what we have now. Then, the question is which concept/factor of STxMP makes PCMAX consider per-beam or change to per-beam? What RAN4 has agreed is to have two values of ‘per-panel’ PCMAX, but not to have/store/calculate different PCMAX for the different TCI state. 
Observation 6: Two ‘per-panel’ PCMAX,f,c,k values will be set as ‘k (k=0,1)’, and they will CORRESPOND to the first and second indicated joint/UL TCI states (per-panel), but it does not mean that two PCMAX,f,c,k values will be picked/calculated out of 128 PCMAX,f,c,k of 128 UL TCI states (per-beam).
Observation 7: What RAN4 has agreed is to have two values ‘per-panel’ PCMAX, but not to have/store/calculate different PCMAX for the different TCI state.
RAN1 also closed the discussion based on the RAN4 agreement and LS while keeping the existing UL power control formula without any change since the only different thing between simultaneous transmission and original single panel transmission is to add one more PCMAX(i) with the same definition of PCMAX, but has not introduced the brand new ‘per-beam’ PCMAX like ‘PCMAX(qd)’. However, as the argument for ‘per single TCI state’ has continued until the last meeting of the WI, let us take a look at the spec, TS 38.213:
[image: ]
What is the relationship between PCMAX,f,c(i) and PLb,f,c(qd) above? Is there any new one for STxMP in the spec unknown to us? If not, is there any UE changing the PCMAX value due to the pathloss change? Is there any UE provided with different RS resources for pathloss estimation for different TCI state? It should be noted that not every TCI state can have different pathloss RSs as below. The pathloss RS in the TCI state field should not be the motivation for the PCMAX per TCI state. 
	(TS 38.213)
“… A UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions as described in clauses 7.1.1, 7.2.1, and 7.3.1, except for SRS transmissions configured by SRS-PosResourceSet as described in clause 7.3.1. If the UE is provided a number of RS resources for pathloss estimation for PUSCH/PUCCH/SRS transmissions that is larger than 4, the UE maintains for pathloss estimation RS resources corresponding to RS resource indexes  as described in clauses 7.1.1, 7.2.1, and 7.3.1. If an RS resource updated by MAC CE, as described in clauses 7.1.1, 7.2.1 and 7.3.1, is one from the RS resources the UE maintains for pathloss estimation for PUSCH/PUCCH/SRS transmissions, …”



Observation 8: RAN1 also closed the discussion based on the RAN4 agreement and LS while keeping the existing UL power control formula without any change since the only different thing between simultaneous transmission and original single panel transmission is to add one more PCMAX(i), but has not introduced the brand new ‘per-beam’ PCMAX like ‘PCMAX(qd)’
Observation 9: It should be noted that not every TCI state can have different pathloss RSs.
Proposal 2: The pathloss RS in the TCI state field should not be the motivation for the PCMAX per TCI state.
In addition, if it is still believed that a single TCI state can represent ‘per-panel, k’, we wonder if there is any UE changing/choosing/calculating PCMAX whenever the TCI state is changed. If UE has to change/choose/calculate PCMAX due to the indicated TCI state change frequently, then how can PHR help the network? What does PHR mean for such ‘dynamic UE’ changing its PCMAX before the network reacts to the previous PCMAX in PHR MAC CE?
Observation 10: UE does not change/choose/calculate PCMAX whenever the TCI state changes from the specification and implementation point of view.
Then, how to define the ‘per-panel, k’ in RAN4 spec? It would be not easy, but may get a hint from the association between TCI state and TRP since each TRP has candidate TCI states configured by the network. Figure 1 could help to understand what can be defined to represent ‘per-panel, k’ as explained in the running CR of TS 38.321 [7].


-	Fi,j: This field indicates whether the joint TCI state indicated by TCI state ID field for codepoint i applies for the first TRP and/or the second TRP. If Fi,j field is set to 1, it indicates that the indicated TCI state ID for codepoint i applies for the jth TRP. If Fi,j field is set to 0, it indicates that the there is no TCI state ID being applied for codepoint i for the jth TRP. The codepoint to which a TCI state is mapped is determined by its ordinal position among all the TCI state ID fields;
-	TCI state ID: This field indicates the 7-bits length TCI state ID identified by TCI-StateId as specified in TS 38.331. The maximum number of activated TCI states is 16;
Figure 1: Enhanced TCI state activation/deactivation MAC CE for Joint TCI State Mode
As shown in Figure 1, the meaning of PCMAX,f,c,k where ‘k (k=0,1)’ corresponds to the first and second indicated joint/UL TCI states would be that the activated TCI states (panel i) correspond to the first and second indicated joint/UL TCI states (TRP j). In short, the ‘activated TCI states’ or ‘a group of TCI states’ for a TRP can represent a panel in the spec word. By doing so, PCMAX,f,c,k can be stayed and nothing to do with TCI state change as PCMAX(i) and the legacy single panel transmission.
Observation 11: The activated TCI states (panel i) correspond to the first and second indicated joint/UL TCI states (TRP j), so that PCMAX,f,c,k can be stayed, and nothing to do with TCI state change as PCMAX(i) and the legacy single panel transmission.
Proposal 3: ‘Activated TCI states’ or ‘a group of TCI states’ for a TRP can represent a panel in the spec word.
2.3	CR work
However, given the discussion deadline of the WI is coming, we understand that it is the time to think about the best solution considering what we have agreed and discussed so far. Therefore, the corresponding CR [6], as the rapporteur company, has tried to take somewhere in the middle based on the WFs and LSs. Regarding the clause to introduce the configured transmitted power of STxMP to TS 38.101-2, it is preferred to add new suffix, e.g., K, considering potential following up discussion to define further ‘per-panel’ requirements for STxMP in the future. At the same time, it is also a good option to share the new suffix with ‘multi AoA’ given the previous discussion from ‘multi-Rx WI’. 
Proposal 4: New suffix, e.g., K, can be considered to introduce the configured transmitted power of STxMP considering potential following up discussion in the future.
3	Conclusion
This contribution is to find out the optimum solution to capture our efforts on the ‘per-panel’ PCMAX,f,c,k and PUMAX,f,c,k into the RAN4 spec based on the previous agreement and discussion for the WI. 
Observation 1: Existing MPR/A-MPR requirements applied to the single panel transmission can also apply to the ‘per-panel’ MPR/A-MPR for STxMP, respectively, by adding some specific rules for certain cases.
Observation 2: All the regulatory requirements should be considered and kept to comply with the existing limit, which is ‘per-UE’ requirements such as max EIRP and/or max TRP depending on the region.
Observation 3: A relaxation value can be applied not only for the regulatory and/or TRP-based requirements, but also for the future discussion with other constraints of the multi-panel transmission.
Proposal 1: Both performance benefit under mDCI case and the least impact should be considered to define the final lower limit of PUMAX for STxMP.
Observation 4: RAN4 has to consider the association between a UE panel (Tx) and a TRP (Rx) for STxMP operations in order to define the ‘per-panel, k’ of PCMAX,f,c,k because the most important target of the PCMAX is to determine the transmission power of UL channels defined in RAN1.
Observation 5: RAN4 agreed and confirmed RAN1 in that the number of PCMAX,f,c,k is two, and ‘k(k=0,1)’ corresponds to the first and second indicated joint/UL TCI states, respectively.
Observation 6: Two ‘per-panel’ PCMAX,f,c,k values will be set as ‘k (k=0,1)’, and they will CORRESPOND to the first and second indicated joint/UL TCI states (per-panel), but it does not mean that two PCMAX,f,c,k values will be picked/calculated out of 128 PCMAX,f,c,k of 128 UL TCI states (per-beam).
Observation 7: What RAN4 has agreed is to have two values ‘per-panel’ PCMAX, but not to have/store/calculate different PCMAX for the different TCI state.
Observation 8: RAN1 also closed the discussion based on the RAN4 agreement and LS while keeping the existing UL power control formula without any change since the only different thing between simultaneous transmission and original single panel transmission is to add one more PCMAX(i), but has not introduced the brand new ‘per-beam’ PCMAX like ‘PCMAX(qd)’
Observation 9: It should be noted that not every TCI state can have different pathloss RSs.
Proposal 2: The pathloss RS in the TCI state field should not be the motivation for the PCMAX per TCI state.
Observation 10: UE does not change/choose/calculate PCMAX whenever the TCI state changes from the specification and implementation point of view.
Observation 11: The activated TCI states (panel i) correspond to the first and second indicated joint/UL TCI states (TRP j), so that PCMAX,f,c,k can be stayed, and nothing to do with TCI state change as PCMAX(i) and the legacy single panel transmission.
Proposal 3: ‘Activated TCI states’ or ‘a group of TCI states’ for a TRP can represent a panel in the spec word.
Proposal 4: New suffix, e.g., K, can be considered to introduce the configured transmitted power of STxMP considering potential following up discussion in the future.
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