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1.	Introduction 
The LS from RAN1 [1] seeks to determine from RAN4 what constraints govern UL power for an FR2 UE under conditions of simultaneous UL transmission across multiple UE panels (STxMP). In the previous meeting there was discussion on what a ‘panel’ might be, as well as what the specific connotation of ‘power limitation’. We propose resolution of these aspects first, and then construct a reply.
2.	Discussion
2.1	A definition for ‘Panel’
The standard generally eschews invoking implementation details, so design freedom is retained for UE design. An example is ‘port’ which in RAN1 is a logical abstraction, rather some notion of a transmit chain, antenna or similar. The UE is given freedom on how to transmit any output from a port, within certain boundary conditions established in RAN4.
Similarly, ‘panel’ is better defined as a logical abstraction. We had previously proposed that a panel be considered as ‘the radiating structure associated with one TCI-state’ [2]. RAN1 has also needed to define this quantity, albeit not formally, to enable their own discussions. In RAN1#96-Bis, the following definition was established [3]:
‘Panel’ is defined as one or multiple as combination of below depending on different UE implementation: 
1. Unit of antenna group to control beam independently 
a. Within a panel, one beam can be selected and used for UL transmission.
b. Across different panels, multiple beams (each selected per panel) may be used for UL transmission
2. Unit of antenna group to control its transmission power
3. Unit of antenna group to have a common UL timing

Since the LS to RAN4 was constructed in RAN1 with this definition in mind, it may be counterproductive for RAN4 to adopt a definition with different intent. As a side note, the ‘per TCI-state’ aspect of our definition is captured in 1a and 1b above. Additionally, we believe ‘beam’ to mean spatial filter.
Proposal 1: RAN4 to adopt the definition of panel as used in RAN1 discussions:
	‘Panel’ is defined as one or multiple as combination of below depending on different UE implementation: 
1. Unit of antenna group to control beam independently 
a. Within a panel, one beam can be selected and used for UL transmission.
b. Across different panels, multiple beams (each selected per panel) may be used for UL transmission
c. ‘Beam’ is assumed to mean spatial filter associated with transmission or reception
2. Unit of antenna group to control its transmission power
3. Unit of antenna group to have a common UL timing



2.2	On the intended meaning of ‘power limitation’
The LS enquires about feasibility of EIRP and TRP limits. We had previously focused on regulatory compliance and it appears RAN4 is well aligned on this topic [4]. The other aspect of power limitation is whether RAN4 can construct a per-TCI state family of requirements. While this can be an extensive topic, viewed through the lens of RAN1, it would be sufficient to focus on RAN4’s configured tx power requirement because it has implications for RAN1’s power control strategy. 
Proposal 2: RAN4 to focus on the configured Tx power requirement while addressing ‘power limitation’ for STxMP in FR2. 
If this proposal is deemed to not be general enough, RAN4 could alternatively ask for further clarity on the intent of ‘EIRP and TRP power limitation’ in a reply LS. In the meantime, to move the discussion forward, we proceed under the assumption that RAN1’s goal is to get RAN4’s view on feasibility of a configured power requirement.
In the subsections below, we work through progressively refined variants of a future configured Tx power requirement for STxMP to investigate feasibility. This discussion may be preferrable to a discussion on feasibility of the somewhat abstract per-UE or per-TCI state power limitation contained in RAN1’s LS. 
At this early stage of STxMP discussions, we use a simplified placeholder ‘for [STxMP]’ to qualify the requirement title. There is room to optimize the title of the proposed requirement in the future as more details come into view.
2.3	The configured Tx power requirement for STxMP
2.3.1	Variant 1
	6.2x.4	Configured transmitted power for [STxMP]
The UE can configure its maximum output power. The configured UE maximum output power PCMAX,f,c for carrier f of a 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 for carrier f of a serving cell c, over all active TCI states configured for [STxMP] is within the following bounds
PPowerclass + DPIBE – MAX(MAX(MPRf,c, A- MPRf,c,) + ΔMBP,n, P-MPRf,c) – MAX{T(MAX(MPRf,c, A- MPRf,c,)), T(P-MPRf,c)}-[ ∆TSTxMP] ≤ PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by
PTMAX,f,c ≤ TRPmax
[where ∆TSTxMP is a relaxation specific to STxMP operation]



The formulation in variant 1 allows bulk of the requirement to be co-opted from the single CC case without change. Note that the parameter ‘PUMAX,f,c’ has been generalized to accommodate multi-TCI state UL. In other words, the measured peak EIRP is the cumulative power from the uplinks associated with all the simultaneously active TCI states configured for STxMP. This generalized definition is consistent with the legacy approach of UL with a single TCI-state. The requirement is on this cumulative EIRP, agnostic of association with TCI state. The cumulative EIRP is a well-known quantity, and the legacy method to measure EIRP could continue to apply.  A generic relaxation factor ‘∆TSTxMP’ is also introduced as a place holder for future detail work in RAN4.
Unfortunately, this type of formulation is not practical for a UE because each uplink may have a different MPR allowance, but the single inequality precludes this flexibility. 
2.3.2	Variant 2
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The UE can configure its maximum output power. The configured UE maximum output power PCMAX,f,c,k for TCI state k 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 TCI state k is within the following bounds
PPowerclass + DPIBE – MAX(MAX(MPRf,c,k, A- MPRf,c,k) + ΔMBP,n, P-MPRf,c,k) – MAX{T(MAX(MPRf,c,k, A- MPRf,c,k)), T(P-MPRf,c,k)} -[∆TSTxMP] ≤ PUMAX,f,c,k ≤ EIRPmaxEIRPk
And,
Sk EIRPk ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by
PTMAX,f,c ≤ TRPmax
[where ∆TSTxMP is a relaxation specific to STxMP operation]



To overcome the problem in variant 1, variant 2 creates separate configured power inequalities for each TCI state, so each UL has independent flexibility with MPRs, etc. This necessitates definition of a TCI-state specific measured peak EIRP ‘PUMAX,f,c,k,’, and for completeness, the corresponding configured maximum power specific to each TCI state, ‘PCMAX,f,c,k’. The UE must manage its self-established TCI-state specific EIRP limits ‘EIRPk’ with the constraint that the net or cumulative EIRP limit in any direction remains compliant with the single CC EIRP limit for a UE. A verification method would need to verify that ‘Sk EIRPk ≤ EIRPmax‘. Since the verification method would depend on private EIRP limits set up by the UE, this type of formulation is not practical, and further refinement is needed.
2.3.3	Variant 3
	[bookmark: _Hlk113702070]6.2x.4	Configured transmitted power for [STxMP]
The UE can configure its maximum output power. The configured UE maximum output power PCMAX,f,c,k for TCI state k of carrier f of aand serving cell c 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 TCI state k is within the following bounds
PPowerclass + DPIBE – MAX(MAX(MPRf,c,k, A- MPRf,c,k) + ΔMBP,n, P-MPRf,c,k) – MAX{T(MAX(MPRf,c,k, A- MPRf,c,k)), T(P-MPRf,c,k)} -[∆TSTxMP] ≤ PUMAX,f,c,k ≤ EIRPmax
and where the corresponding measured peak EIRP for carrier f of a serving cell c, over all active TCI states configured for [STxMP], PUMAX,f,c satisfies
PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by
PTMAX,f,c ≤ TRPmax
[where ∆TSTxMP is a relaxation specific to STxMP operation]



Variant 3 combines the following preferable aspects from variants 1 and 2:
1. From variant 1: The requirement is formulated in terms of ‘PUMAX,f,c’. As constructed in variant 1, this parameter is the max. cumulative EIRP over all directions and all active TCI states, a straightforward generalization of the legacy definition. A verification method would need to verify that ‘PUMAX,f,c ≤ EIRPmax ‘.The associated limit ‘EIRPmax’ is well-understood, as is the cumulative EIRP measurement method, which is same as the legacy EIRP measurement method.
2. From variant 2: Retains a per-TCI state inequality to allow for UL specific MPRs and P-MPRs. The per-TCI state configured power also enables more realistic PHR.
Note that the per TCI-state measured peak EIRP ‘PUMAX,f,c,k,’ is necessary to define, but not necessary to measure, since the requirement applies only to the cumulative EIRP (of all TCI states). 
Even if this argument does not hold under detail considerations, there is a safety net: It is possible in principle to measure per TCI state EIRP, because each UL layer has unique DMRS. The EIRP can be calculated in the TE after demodulation, layer separation and equalization with an unbiased receiver.
2.3.4	Summary of variants
Variant 1 remains impractical for a UE due to a common inequality for both TCI states, and variant 2 is challenging to verify because the requirement is specified in terms of a quantity that is private to the UE (‘EIRP limits per TCI state’). Variant 3 overcomes the problems of variant 1 and variant 2. The progression of variants above show that it is feasible to construct a configured power requirement for a UE with 2 active TCI states for STxMP.
Proposal 3: RAN4 to consider variant 3 for a configured power requirement as it would apply to STxMP.
Unfortunately, how this or other implementations of the configured power requirement map to a ‘per-UE’ or ‘per-panel’ classification as requested by RAN1 is not clear and may verge on an argument on semantics. It may therefore be useful to first converge on the intent of this type of requirement (for example, as in proposal 3) before addressing RAN1’s questions.
Observation: RAN1’s classification as ‘per-UE’ or ‘per-panel’ may be difficult to ascertain before RAN4 have a common understanding on how to construct the requirement(s) that may interest RAN1.
An LS reply can be constructed once RAN4 converge on the type of information that would be useful for RAN1. A skeleton is provided after the list of references.
3. 	Conclusions
Proposal 1: RAN4 to adopt the definition of panel as used in RAN1 discussions:
	‘Panel’ is defined as one or multiple as combination of below depending on different UE implementation: 
1. Unit of antenna group to control beam independently 
a. Within a panel, one beam can be selected and used for UL transmission.
b. Across different panels, multiple beams (each selected per panel) may be used for UL transmission
c. ‘Beam’ is assumed to mean spatial filter associated with transmission or reception
2. Unit of antenna group to control its transmission power
3. Unit of antenna group to have a common UL timing



Proposal 2: RAN4 to focus on the configured Tx power requirement while addressing ‘power limitation’ for STxMP in FR2. 
Proposal 3: RAN4 to consider the following formulation for the configured power requirement as it would apply to STxMP.
	6.2x.4	Configured transmitted power for [STxMP]
The UE can configure its maximum output power. The configured UE maximum output power PCMAX,f,c,k for TCI state k of carrier f of aand serving cell c 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 TCI state k is within the following bounds
PPowerclass + DPIBE – MAX(MAX(MPRf,c,k, A- MPRf,c,k) + ΔMBP,n, P-MPRf,c,k) – MAX{T(MAX(MPRf,c,k, A- MPRf,c,k)), T(P-MPRf,c,k)} -[∆TSTxMP]  ≤ PUMAX,f,c,k ≤ EIRPmax
And where the corresponding measured peak EIRP for carrier f of a serving cell c, over all active TCI states configured for [STxMP], PUMAX,f,c satisfies
PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by
PTMAX,f,c ≤ TRPmax
[where ∆TSTxMP is a relaxation specific to STxMP operation]


  
Observation: RAN1’s classification as ‘per-UE’ or ‘per-panel’ may be difficult to ascertain before RAN4 have a common understanding on how to construct the requirement(s) that may interest RAN1.
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1. Overall Description:
RAN4 would like to thank RAN1 for LS on UE power limitation for STxMP in FR2. RAN4  continue to use the following definitions for Assumptions 1 and 2:
· Assumption 1: Power limitation per panel for STxMP
· Assumption 2: A total power limitation per UE over all UE panels used for STxMP
RAN4 also assume that ‘panel’ is defined as one or multiple as combination of below depending on different UE implementation: 
1. Unit of antenna group to control beam independently 
a. Within a panel, one beam can be selected and used for UL transmission.
b. Across different panels, multiple beams (each selected per panel) may be used for UL transmission
c. ‘Beam’ is assumed to mean spatial filter associated with transmission or reception
2. Unit of antenna group to control its transmission power
3. Unit of antenna group to have a common UL timing 

RAN4 responses to RAN1 questions are below:
Question 1: From RAN4 perspective, is Assumption 1 is feasible?
…..
Question 2: From RAN4 perspective, is Assumption 2 is feasible?
…. 
Question 3: In either of Assumption1 or Assumption 2, whether the total power limitation per UE over all UE panels used for STxMP or the sum of per-panel power limitation for STxMP can be different from (greater than) the existing power limitation for a given power class?
….
Question 4: If both Assumption 1 and Assumption 2 are feasible, whether both assumptions can/shall be applied to a same UE, and what is the relationship between the per-panel power limitation and total power limitation if both are applied (e.g., the sum of per-panel power limitation can be larger than the total power limitation per UE, or should be always the same)?
….

2. Date of Next TSG WG RAN4 Meetings:
TSG-RAN WG4 Meeting #105-e	Nov. 2022         		France
TSG-RAN WG4 Meeting #106-e	Feb.-Mar. 2023         		Greece

