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Introduction
In RAN4#104, a LS [1] has been received from RAN1 for studies of simultaneous UL transmission across multiple UE panels (STxMP), in which the following two assumptions on power limitation were listed, and some questions were raised.
· Assumption 1: Power limitation per panel for STxMP
· Assumption 2: A total power limitation per UE over all UE panels used for STxMP
Above power limitation includes both total radiated power and EIRP, and scenarios of these assumptions include at least single carrier scenario in FR2.
RAN1 seeks a few answers from RAN4 on the following questions in order to proceed further on the study of UE power control for STxMP.
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)?
This topic has been discussed for several meetings, but still no agreement can be reached. In this paper, a brief background information is situation is introduced, and one further revised draft LS is proposed.
Discussion
In RAN4#104-e and RAN4#104-bis-e some of the key discussion was documented in summary file [2] and [3]. It turns out to be that there are two versions of LS that is difficult to be merged, and both of the two versions were incorporated into [4]. In RAN4#105, the key documents are incorporated in [9], but the basic proposals are similar to previous meeting.
One controversial part is the definition of “panel”. Without a basic understanding of “Panel”, it is indeed conceptually difficult to set up a new concept of per-panel power. Although there are proposals to introduce tentative “Panel” definition based on earlier RAN1 assumption such as in [6][7], still this cannot be concluded. However, in the meantime, similar assumption was agreed in Multi-RX WI in [8], and later further revised in [10] as following:
 ‘Panel’ is defined as a group of antenna element that controls beam independently and has the following attributes 
0. Within a panel, one beam can be selected and used for DL reception.
0. Across different panels, multiple beams (each selected per panel) may be used for DL reception.
0. ‘Beam’ is assumed to mean spatial filter associated with reception.
Observation 1: A basic understanding of “Panel” have been reached for multi-Rx DL study.
Considering the quite similar case of UL and DL, it is still preferable to have such a concept for “panel” for requirements discussion purpose. Considering that more requirements would be discussed other than the power limitation, this concept can also be useful in the discussion of requirements other than power limitation. Whether sending it via LS could be further discussed.
Proposal 1: Try to have a unified understanding of “Panel” for UL.
So it seems that it is still possible to have a common understanding in RAN4 regarding these definitions. However, if consensus cannot be made, some information change is also helpful compared to no reply.

Currently the per-panel power limitation is still no consensus. However, it seems that some kind of limitation is straight forward, e.g. at least each panel should not exceed the per-UE power limitation for both TRP/EIRP. We may further discuss the details for the requirements, but from feasibility point of view, feasibility seems not a big issue.
Proposal 2: Confirm the feasibility of “per-panel power limitation”, but whether/how to define specific requirements can be left for later discussion.
Thus, for the questions related to detailed requirements, the reply can be postponed.
Proposal 3: Leave the reply of the questions related to detailed requirements postponed.

The concept of per-TCI state configuration was raised in [7] and further elaborated in [12]. It is up till now the most comprehensive new requirement architecture for configurated output power, and suggested to be a starting point of related discussion. However, considering the current situation, it might be pre-mature to write this into LS.
Proposal 4: Using per-TCI state configuration as a starting point for related requirements discussion. 

Based on those observation and proposals, an updated LS is provided in the Annex.
Conclusion
In this paper, a brief history has been introduced and the following proposal are provided: made: 
Observation 1: A basic understanding of “Panel” have been reached for multi-Rx DL study.
Proposal 1: Try to have a unified understanding of “Panel” for UL.
Proposal 2: Confirm the feasibility of “per-panel power limitation”, but whether/how to define specific requirements can be left for later discussion.
Proposal 3: Leave the reply of the questions related to detailed requirements postponed.
Proposal 4: Using per-TCI state configuration as a starting point for related requirements discussion. 

Based on those observation and proposals, an updated LS is provided in the Annex.
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1. Overall Description:
RAN4 would like to thank RAN1 for the LS on UE power limitation for STxMP in FR2. 

Since RAN4 has not defined the concept of “panel” unfortunately, following answers are provided based on earlier RAN1 assumption as below:
‘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

Regarding the questions, RAN4 is currently have the following answers:

Question 1: From RAN4 perspective, is Assumption 1 is feasible?
Answer: Yes. However, whether and how to introduce per-panel power limitation or similar concept and/or requirements in RAN4 is still under discussion.

Question 2: From RAN4 perspective, is Assumption 2 is feasible?
Answer: Yes. 

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?
Answer: RAN4 confirm that existing UE RF requirements are framed so standards compliance implies regulation compliance (clause 6.5x in TS38.101-2). 
For any additional limitation like the sum over all panels of the per-panel power limitation for STxMP, would be defined in RAN4 if necessary.

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)?
Answer: As for question 1. The per-panel power limitation is still under discussion. 

Additionally, RAN4 has agreed that ‘Panel’ shall not be explicitly used in a requirement to ensure maximum flexibility for different UE implementations.


2. Actions:
To RAN1:
ACTION: RAN4 respectfully asks RAN1 to take the above answers into account.

3. Date of Next TSG WG RAN4 Meetings:
TSG-RAN WG4 Meeting #106bis-e                  17th April – 26th April 2023         Online  
TSG-RAN WG4 Meeting #107                  22th February – 26th May 2023         Incheon, KR
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