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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. One remarkable agreement has been reached during the discussion that RAN4 would try to introduce the ’per-panel’ configured transmitted power, i.e., PCMAX,f,c,k, for the ’per-panel’ uplink power control defined in RAN1. Based on that, some advanced agreements and/or plans about how to specify PCMAX,f,c,k and relavant requirements such as MPRf,c,k/A-MPRf,c,k to support PUMAX,f,c,k were captured in the latest WF as below [1]. 
	<Agreement> PCMAX,f,c,k
-	LS is sent to RAN1 to inform that RAN4 will introduce PCMAX,f,c,k for STxMP (See R4-2314698)
-	How to incorporate the  PCMAX,f,c,k in to the spec will be discussed in RAN4#108-bis 

[bookmark: _Hlk143707097]<Way forward> MPRf,c,k/A-MPRf,c,k
-	MPRf,c,k/A-MPRf,c,k will be further discussed and determined in RAN4#108-bis from the following options 
· Option 1: MAX[(MPRk , A-MPRk, MPRp, A-MPRp) ] +3dB in lower bound for beam k and p
· Option 2: MAX(X, MPRf,c,k, A- MPRf,c,k), X = 10*log10(number of UL TCI-states indicated for [STxMP]) dB in lower bound
· Option 3: Define ‘per-panel’ requirements of MPRf,c,k = MPRf,c + 3dB, and A-MPRf,c,k = A-MPRf,c + 3dB
· Option 4: Reuse MPRf,c and A-MPRf,c requirements, and add 3dB relaxation to lower bound
· Option 5: Do not extend the current MPR concept at least in this release.
· Option 6: Other proposals based on legacy MPR/A-MPR requirements are not precluded for RAN4#108-bis

[bookmark: _Hlk143698222]<Way forward> P-MPRf,c,k-
-    In RAN4#108-bis, it will be discussed how to ensure EIRP compliance

[bookmark: _Hlk143709557]<Way forward> PUMAX,f,c,k
-	Whether to introduce PUMAX,f,c,k will be determined based on the discussion results of MPRf,c,k/A-MPRf,c,k 

<Way forward> New signalling 
-	Whether to introduce new signalling for overlapped beams indication depends on the discussion results of MPRf,c,k/A-MPRf,c,k in RAN4#108-bis

<Way forward> Testability
-	RAN4 will check the testability issue before PUMAX,f,c,k is introduced, e.g., sending LS to RAN5 and/or other means



[bookmark: _Hlk143633573]As noted in [1], for PCMAX,f,c,k, an additional LS was sent to inform RAN1 that RAN4 will introduce PCMAX,f,c,k for STxMP where ‘k (k=0,1)’ corresponds to the first and second indicated joint/UL TCI states, respectively [2]. Therefore, the follow-up discussion about how to incorporate or demonstrate the PCMAX,f,c,k into the RAN4 spec should be continued in this meeting, RAN4#108-bis. 
In this contribution, we would like to provide our view on the way to capture the PCMAX,f,c,k and PUMAX,f,c,k into the RAN4 spec, while explaining the ‘k’ based on the study of the discussion status in RAN4 and RAN1. Also, as PUMAX,f,c,k is agreed to follow the discussion results of MPRf,c,k/A-MPRf,c,k, Our preference for each requirement and a draft CR [3] to introduce the configured transmit power for STxMP will follow for further discussions. 
2 Discussion
2.1	PCMAX,f,c,k
Most of all, the PCMAX,f,c,k for STxMP should be based on the common understanding of STxMP scenarios of determining uplink transmission power for each UE panel to each TRP defined and concluded in RAN1. Therefore, we have proposed to discuss that 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 [4-5]. This is because even though RAN4 defines how to derive the range of PCMAX with its lower and upper bounds, the most important target is to determine the transmission power of PUCCH/PUSCH defined in RAN1. 
Observation 1: 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 is to determine the transmission power of PUCCH/PUSCH defined in RAN1.
As mentioned in the previous section, RAN4 sent an LS to notify RAN1 of the agreed plan for the PCMAX,f,c,k. The details can be found as follows [2]:
	1. Overall Description:
[bookmark: _Hlk143633484]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 PCMAX,f,c,k where ‘k (k=0,1)’ corresponds to the first and second indicated joint/UL TCI states, respectively.



Looking into the LS before drawing up the spec, it includes an important message that two PCMAX,f,c,k values will be set as ‘k (k=0,1)’ for STxMP which should not mean 128 PCMAX,f,c,k for every TCI state, but correspond to the first and second indicated joint/UL TCI states, respectively. Then the meaning of ‘the first and second indicated joint/UL TCI state for STxMP’ would be the key to specify PCMAX,f,c,k into the spec, which is that each of two PCMAX,f,c,k should represent all the activated TCI states which are up to 8 joint/UL TCI states per panel/TRP according to the fact that the network can activate and deactivate the configured TCI states for a codepoint of the DCI Transmission configuration indication field as specified in TS 38.212. Figure 1 could explain how many TCI states can be activated/deactivated for the TCI codepoints as the number of Fi fields in the running CR of TS 38.321, which is from the single-DCI based unified TCI extension to multi-TRP operation, for example [6].
Observation 2: Two PCMAX,f,c,k values will be set as ‘k (k=0,1)’ for STxMP which should not mean 128 PCMAX,f,c,k for every TCI state, but correspond to the first and second indicated joint/UL TCI states, respectively.
Observation 3: Each of two PCMAX,f,c,k should represent all the activated TCI states which are up to 8 joint/UL TCI states per panel/TRP.


Figure 1: Enhanced TCI state activation/deactivation MAC CE for Joint TCI State Mode
-	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;
Therefore, the exact meaning of PCMAX,f,c,k where ‘k (k=0,1)’ corresponds to the first and second indicated joint/UL TCI states is that one of the activated (up to 8) TCI states (codepoint i) can correspond to one of the first and second indicated joint/UL TCI states (panel/TRP j) in terms of the TCI state as shown in the agreed TCI state activation/deactivation MAC CE for STxMP.
Observation 4: One of the activated (up to 8) TCI states (codepoint i) can correspond to one of the first and second indicated joint/UL TCI states (panel/TRP j) in terms of the TCI state according to the agreed TCI state activation/deactivation MAC CE for STxMP. 
In addition, as pointed out in the last meeting, it also should be considered that how PCMAX,f,c,k can work and change with the new ‘per-panel’ parameter ‘k’ as it is agreed that each ‘k (k=0,1)’ represents each panel for the two-panel transmission [7]. With such agreement, for example, if ‘k’ is changed via DCI at a certain frequency f and cell c, the value of PCMAX,f,c,k shall also be updated for determining the ‘per-panel’ uplink power under the certain scenario even though other parameters such as ‘f’ and ‘c’ are fixed. However, the thing will not happen if ‘k’ were defined as ‘TCI state’ since it does not make any change to the PHR MAC CE where PCMAX,f,c,k reported based on existing mechanism and the RAN1 agreement as follows. 
Observation 5: If ‘k’ were defined as ‘TCI state’, it does not make any change to the PHR MAC CE where PCMAX,f,c,k reported for determining the ‘per-panel’ uplink power based on existing mechanism and the RAN1 agreement.


	Agreement
On unified TCI framework extension for S-DCI based MTRP, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured:
· If the UE determines that one or both Type 1 PHRs are based on an actual PUSCH transmission
· If the actual PUSCH transmission applies both first and second indicated joint/UL TCI states, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state for the actual PUSCH transmission, and the second {power headroom, configured maximum output power} associated with the second indicated joint/UL TCI state for the actual PUSCH transmission
· If the actual PUSCH transmission applies only the first indicated joint/UL TCI state, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state for the actual PUSCH transmission 
· FFS: How to provide the second report for a reference PUSCH transmission?
· If the actual PUSCH transmission applies only the second indicated joint/UL TCI state, the UE provides the second {power headroom, configured maximum output power} associated with the second indicated joint/UL TCI state for the actual PUSCH transmission
· FFS: How to provide the first report for a reference PUSCH transmission?
· FFS: If the UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, how to provide the first and second reports for reference PUSCH transmissions, respectively?



According to RAN1 agreement above, two PHRs are used for two activated TCI states separately as the first and second indicated join/UL TCI state, which are commonly applied to all the activated TCI states for a panel/TRP, not for single beam or single TCI state in DCI. Unlike ‘f’ and ‘c’, this is the reason why the legacy PCMAX for the single panel transmission has not been defined by single TCI state, in our understanding, but the ‘k’ should consider the association between the UE panel and TRP for STxMP operations. 
Observation 6: According to RAN1 agreement, two PHRs are used for two activated TCI states separately as the first and second indicated join/UL TCI state, which are commonly applied to all the activated TCI states for a panel/TRP, not for single beam or single TCI state in DCI.
Therefore, looked at from the observations above, the ‘k’ to demonstrate ‘per-panel’ configured transmitted power for ‘per-panel’ uplink power control should not be simply defined as ‘TCI state’ when specifying PCMAX,f,c,k in TS 38.101-2. 
Proposal 1: ‘k’ to demonstrate ‘per-panel’ configured transmitted power for ‘per-panel’ uplink power control should not be simply defined as ‘TCI state’ when specifying PCMAX,f,c,k in TS 38.101-2.
Instead, each of the activated TCI states configured by the network, which are up to 8 TCI states per panel/TRP, would be suitable words to represent ‘per panel/TRP’ as it is not only a minimum unit of MAC CE for the group-based beam reporting for a UE to choose, but also making a change of the PCMAX values for uplink transmission power of STxMP via PHR. Although we called it ‘TCI pool’ before, it would be also fine to change it with more general term such as ‘a group of TCI states’ for the sake of ‘our RAN4’ as proposed in the draft CR [3]. 
Observation 7: Each of the activated TCI states configured by the network, which are up to 8 TCI states per panel/TRP, would be suitable words to represent ‘per panel/TRP’.
Proposal 2: ‘k’ to demonstrate ‘per-panel’ in the configured transmit power for ‘per-panel’ uplink power control can be defined with general term such as ‘a group of TCI states’ for the sake of ‘our RAN4’. 
2.2	MPR/A-MPRf,c,k
As RAN4 agreed to specify PCMAX,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 PCMAX,f,c,k lower limit. This ‘per-panel’ MPR/A-MPR for STxMP 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, respectively, by adding some rules for certain cases. In that sense, most proposals submitted so far are based on the MPRf,c, as noted in the WF [1].
Observation 8: Existing MPR/A-MPR requirements applied to the single panel transmission can also apply to the ‘per-panel’ MPR/A-MPR, respectively, by adding some specific rules for certain cases.
In addition, it should be 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 all cases while keeping the MPRf,c/A-MPRf,c. 
Observation 9: 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 move forward would be to guarantee the 3dB relaxation with the existing MPRf,c and A-MPRf,c requirements for all the cases, regardless of the original MPR requirements and overlapping situation due to the small angle of departure (AoD) between two separated beams. In our understanding, at least for non-handheld UEs, a conditional relaxation such as MAX(3dB, MPRf,c,k, A- MPRf,c,k), i.e., similar with option 2 in [1], can be applied to the MPR derivation rule, not only for the regulatory and/or TRP-based requirements, but also for the performance benefit of the feature with multi-panel transmission.
Observation 10: A relaxation value can be applied not only for the regulatory and/or TRP-based requirements, but also for the performance benefit of the feature with multi-panel transmission.
Proposal 3: In order to guarantee the 3dB relaxation with the existing MPRf,c and A-MPRf,c requirements for all the cases, at least for non-handheld UEs, a conditional relaxation such as MAX(3dB, MPRf,c,k, A- MPRf,c,k) can be applied to the MPR derivation rule.
2.3	P-MPRf,c,k
P-MPR is another parameter in the lower bound of the PUMAX to deal with the regulatory requirement, i.e., MPE for FR2, which has been enhanced continuously across the working groups. For the last couple of meetings, although there were some proposals to consider another P-MPR enhancement under the case when he two uplink beams are overlapped, no consensus has been reached on the need of the additional enhancement for STxMP. 
Since the actual back off level of P-MPR is gully left up to the UE implementation based on the proximity scenario, the enhancement has been focused on the reporting method from Rel-16 such as P-MPR reporting in Rel-16 and beam-specific P-MPR reporting in Rel-17. Thus, in our understanding, as the P-MPR can be reported for certain candidate beams (up to 4) based on UE implementation currently, it might not be necessary to update the P-MPR reporting scheme for STxMP in Rel-18 even for the overlapped situation.
Observation 11: P-MPR can be reported for certain candidate beams (up to 4) based on UE implementation currently.
Proposal 4: It is not necessary to update the P-MPR reporting scheme for STxMP in Rel-18 even for the overlapped situation.
2.4	PUMAX,f,c,k
PUMAX is essential for FR2 to verify the PCMAX based on the OTA measurement since PCMAX is basically a conductive concept that do not consider antenna performance. Without PUMAX, there is no way to find out the PCMAX with OTA manner in FR2. However, as there was a contribution not to change the PUMAX equation, RAN4 has discussed the impact of the change with related parameters in the lower limit of the inequation. In the last meeting, RAN4#108, it was agreed that PUMAX,f,c,k will be determined based on the discussion results of MPRf,c,k/A-MPRf,c,k. 
In our understanding, PUMAX,f,c,k is also necessary to complete PCMAX,f,c,k for STxMP in terms of its derivation and measurement based on ‘per-panel’ requirements. Following the agreement depending on the discussion of other ‘per-panel’ requirements, if the necessary MPRf,c,k and A-MPRf,c,k can be defined based on the legacy requirements for single-panel transmission, the concern about the testability to differentiate the overlapped two different beams from two different panels sharing the same frequency issue can be minimized or handled even if RAN4 introduces PUMAX,f,c,k inequation for the measurement. Therefore, it is our preference that the lower and upper bound of PUMAX,f,c,k can be defined if RAN4 introduces MPRf,c,k and A-MPRf,c,k based on the legacy requirements.
Observation 12: PUMAX,f,c,k is also necessary to complete PCMAX,f,c,k for STxMP in terms of its derivation and measurement based on ‘per-panel’ requirements.
Proposal 5: PUMAX,f,c,k can be defined if RAN4 introduces MPRf,c,k and A-MPRf,c,k based on the legacy requirements.
2.5	Draft CR
Based on the observations and proposals above, a draft CR to introduce the configured transmitted power for STxMP has been proposed in [3], also copied as below. Regarding the clause to put the new feature of STxMP in the spec, it is preferred to reuse existing 6.2D.4 since RAN4 has the suffix for UL-MIMO, but there is no dedicated configured transmitted power for UL-MIMO. 
Proposal 6: Existing 6.2D.4 can be reused to introduce the configured transmitted power for STxMP.
	[bookmark: _Toc21340781][bookmark: _Toc29805228][bookmark: _Toc36456437][bookmark: _Toc36469535][bookmark: _Toc37253944][bookmark: _Toc37322801][bookmark: _Toc37324207][bookmark: _Toc45889730][bookmark: _Toc52196385][bookmark: _Toc52197365][bookmark: _Toc53173088][bookmark: _Toc53173457][bookmark: _Toc61119452][bookmark: _Toc61119834][bookmark: _Toc67925884][bookmark: _Toc75273522][bookmark: _Toc76510422][bookmark: _Toc83129576][bookmark: _Toc90591109][bookmark: _Toc98864136][bookmark: _Toc99733385][bookmark: _Toc106577279][bookmark: _Toc114537030][bookmark: _Toc115257298][bookmark: _Toc123086617][bookmark: _Toc123088352][bookmark: _Toc124298007][bookmark: _Toc130574758][bookmark: _Toc131767168][bookmark: _Toc138887754][bookmark: _Hlk146752455][bookmark: _Hlk146752475]6.2D.4.1	Configured transmitted power for STxMP
The requirements in clause 6.2D.4.1 apply to all power classes except power class 3. The UE can configure its maximum output power for each of the activated TCI states for STxMP. The configured UE maximum output power PCMAX,f,c,k for a group of TCI states k (k=0,1) of carrier f of aand serving cell c is defined as that available to the reference point of a given transmitter branch that corresponds to the reference point of the higher-layer filtered RSRP measurement as specified in TS 38.215 [11].
The configured UE maximum output power PCMAX,f,c,k for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c,k for each of the activated TCI states is within the following bounds
[bookmark: _Hlk36570999]PPowerclass + PIBE – MAX(MAX(ΔSTxMP, MPRf,c,k, A- MPRf,c,k,) + ΔMBP,n, P-MPRf,c,k) – MAX{T(MAX(ΔSTxMP, MPRf,c,k, A- MPRf,c,k,)), T(P-MPRf,c,k)} ≤ PUMAX,f,c,k ≤ EIRPmax
while the corresponding measured peak EIRP for carrier f of a serving cell c, over all activated TCI states for STxMP, PUMAX,f,c satisfies
PCMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by
PTMAX,f,c ≤ TRPmax


3	Conclusion
This contribution is to find out the optimum solution to capture the PCMAX,f,c,k and PUMAX,f,c,k into the RAN4 spec, while explaining the ‘k’ based on the study of the discussion status in RAN4 and RAN1 so far. Also, as PUMAX,f,c,k is agreed to follow the discussion results of MPRf,c,k/A-MPRf,c,k, a draft CR [3] to introduce the configured transmit power for STxMP is proposed based on the derived observations and proposals as follows:
Observation 1: 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 is to determine the transmission power of PUCCH/PUSCH defined in RAN1.
Observation 2: Two PCMAX,f,c,k values will be set as ‘k (k=0,1)’ for STxMP which should not mean 128 PCMAX,f,c,k for every TCI state, but correspond to the first and second indicated joint/UL TCI states, respectively.
Observation 3: Each of two PCMAX,f,c,k should represent all the activated TCI states which are up to 8 joint/UL TCI states per panel/TRP.
Observation 4: One of the activated (up to 8) TCI states (codepoint i) can correspond to one of the first and second indicated joint/UL TCI states (panel/TRP j) in terms of the TCI state according to the agreed TCI state activation/deactivation MAC CE for STxMP. 
Observation 5: If ‘k’ were defined as ‘TCI state’, it does not make any change to the PHR MAC CE where PCMAX,f,c,k reported for determining the ‘per-panel’ uplink power based on existing mechanism and the RAN1 agreement.
Observation 6: According to RAN1 agreement, two PHRs are used for two activated TCI states separately as the first and second indicated join/UL TCI state, which are commonly applied to all the activated TCI states for a panel/TRP, not for single beam or single TCI state in DCI.
Proposal 1: ‘k’ to demonstrate ‘per-panel’ configured transmitted power for ‘per-panel’ uplink power control should not be simply defined as ‘TCI state’ when specifying PCMAX,f,c,k in TS 38.101-2.
Observation 7: Each of the activated TCI states configured by the network, which are up to 8 TCI states per panel/TRP, would be suitable words to represent ‘per panel/TRP’.
Proposal 2: ‘k’ to demonstrate ‘per-panel’ in the configured transmit power for ‘per-panel’ uplink power control can be defined with general term such as ‘a group of TCI states’ for the sake of ‘our RAN4’. 
Observation 8: Existing MPR/A-MPR requirements applied to the single panel transmission can also apply to the ‘per-panel’ MPR/A-MPR, respectively, by adding some specific rules for certain cases.
Observation 9: 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 10: A relaxation value can be applied not only for the regulatory and/or TRP-based requirements, but also for the performance benefit of the feature with multi-panel transmission.
Proposal 3: In order to guarantee the 3dB relaxation with the existing MPRf,c and A-MPRf,c requirements for all the cases, at least for non-handheld UEs, a conditional relaxation such as MAX(3dB, MPRf,c,k, A- MPRf,c,k) can be applied to the MPR derivation rule.
Observation 11: P-MPR can be reported for certain candidate beams (up to 4) based on UE implementation currently.
Proposal 4: It is not necessary to update the P-MPR reporting scheme for STxMP in Rel-18 even for the overlapped situation.
Observation 12: PUMAX,f,c,k is also necessary to complete PCMAX,f,c,k for STxMP in terms of its derivation and measurement based on ‘per-panel’ requirements.
Proposal 5: PUMAX,f,c,k can be defined if RAN4 introduces MPRf,c,k and A-MPRf,c,k based on the legacy requirements.
Proposal 6: Existing 6.2D.4 can be reused to introduce the configured transmitted power for STxMP.
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