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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)?
Although intensive discussion was done, no conclusion was made yet, and some of the key discussion was documented in summary file [2]. The revised LS [3] was postponed and not submitted.
In this paper, some of the previous observations from [4] were also re-submitted, other new proposals are provided.
Discussion
Background
In the last meeting, a discussion paper was submitted in [4] in which a series of observations were provided, among them the first five are still valid:
Observation 1: Current RAN4 requirements have the upper limitations for max TRP and max EIRP.
Observation 2: Current EIRP concept is intrinsically combined with one beam direction.
Observation 3a: Regulatory requirements exist for EIRP, which are per-UE based for a band.
Observation 3b: Though no regulation basis for TRP, the current TRP requirements are also preferred to be kept as per-UE, otherwise more assessment would be needed for basic requirements.
Observation 4: There is no specific “panel” based requirements in the spec.
Observation 5: TRP concept can easily be extended to simultaneous multiple transmissions from multiple panels, while EIRP may need further clarification when extended to simultaneous multi-beam/multi-panel transmission. The current concept may lead to sum of two equal Tx beams to different directions have a same peak EIRP as the case of one beam transmission.
However, a lot of controversies have been emerged during the discussion, that some of the basic concept used are probably not that aligned between RAN1 and RAN4, e.g. “panel” and “power limitation”, and how EIRP concept can adapt to the multiple beam transmission case for a UE. In this paper, some more discussion was made.

What RAN1 actually need?
Originally, FR2 UE would have only one activate panel for a UE and this is de. facto standard implementation. All the per-UE behaviour is not differentiate with per-panel such as power control. 
With the introduction of multi-panel Tx, RAN1 is considering per-panel power control. However, needs to know whether it is applicable from RAN4’s point of view, e.g. regulatory requirements etc. Thus, a series of questions have been composed and sent to RAN4 via LS.
Observation 1: RAN1 is doing research of per-panel power control scheme, and RAN4 is asked to take part in the feasibility study and requirements definition. 
These questions are actually already very deep and touched some of the key part for what Rel-18 MIMO WI would be. Unfortunately, RAN4 would not have TU on this WI in this year, and all the discussion are LS based, making it a bit difficult to coverage. 
Observation 2: Current RAN4 discussion is already touch the core port of the WI but no specific TU and agenda except for this LS, thus making difficult to converge.
In addition, RAN1 is not totally on hold on this topic. In last RAN1#110 meeting, there is the following working assumption:
Support the following schemes for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
This would means RAN1 is already progressing with the assumptions that multi-panel Tx is somewhat feasible. It is also not meaningful for RAN4 to put on hold for this LS too long.
Observation 3: RAN1 is still making progress even without RAN4’s feedback.

One way maybe we try to send back what can be agreed in RAN4 in current stage, and leave some difficult/detailed part in the future when WI stage officially start. There are a series of concept may need to be discussed. We may not have to achieve consensus on every detail to send back a LS, but still some basic consensus is needed.
Proposal 1: A preliminary LS which answers some of the questions and provide some background information for alignment may be enough for current stage, and further details can be left to the WI starts in RAN4.

Panel concept
Currently there is no panel concept in both RAN1/4 specifications. However, there were some basic concept used in RAN1 discussion before as in [5]:
For RAN1 discussion purpose, the definition of “panel” is given as one or multiple as combination of below depending on different UE implementation.
· Unit of antenna group to control beam independently
· Within a panel, one beam can be selected and used for UL transmission.
· Across different panels, multiple beams (each selected per panel) may be used for UL transmission
· Unit of antenna group to control its transmission power
· Unit of antenna group to control its transmission timing
These may also be served for RAN4 discussion; however, the definition may not be appropriate to be defined in a specification. 
In addition, we may also consider a somewhat similar treatment for “antenna port” and “antenna connector” in FR1, that previous one is a logical one that used in RAN1 spec, while the latter one would only be used in RAN4. However, since this is a pretty complicated issue, we may also consider postpone it to a later stage. 
Proposal 2: The concept of “panel” may be referenced from RAN1 or defined RAN4 specific more implementation orientated concept. The details can also be postponed to latter stage.

Power limitation concept
RAN4’s power limitation concept is complicated for FR2, and a simple while complete explanation within a few sentences is difficult. However, too detailed information to RAN1 may not be so helpful, and it is only in RAN4 that detailed requirements and regulatory restrictions are needed to be defined. General guidelines for RAN1 may be sufficient, and we may find some more general wording for the questions in current stage.
Proposal 3: Detailed power limitation may not be that necessary to be sent to RAN1 in this stage. 

Sum up EIRP
During the discussion, there is a topic that recommended to be discussed in the notes:
how to sum up the two “EIRP” in different directions.
As discussed before in last meeting, EIRP concept is currently bound to one direction, and no clear clarification is made for multi-beam/multi-panel transmission. Similar topic was discussed before for FR2 UL CA, and one possible extension was discussed in [6] for the “per UE” EIRP concept. In that contribution, the “per UE” EIRP in multi-CC/Beam scenario was proposed to be clarified as the sum of the EIRP of all respective CCs/Beams in a certain direction, which can be express as:

A corresponding figure was also referenced below:
[image: ]
Figure1 “Per UE” concept of EIRP
By this clarification as a way of doing “sum of EIRP”, the basic principle of EIRP, an equivalent power from a certain angle, is kept while the test can also be simple and straight forward. 
In addition, it should be noted that the “+” is just a concept illustration, and does not mean those different beams can be tested separately. Actually, they cannot be differentiated during measurement since they are not in different bands, 

It can be considered as the basis for the definition of “sum of EIRP” for a UE equipped with multiple beam transmission. In this case, the max EIRP would be the largest value among all the direction:
max EIRP = max (c-EIRP (θ1, φ1), c-EIRP (θ1, φ2), …, c-EIRP (θn, φn))
As an example, the relationship of “per-UE” EIRP and the EIRP in case of single beam condition is also described in the [6] also depicted the case that two the sum up of two beams in opposite direction would result in a same EIRP after sum up, but only in two directions:
[image: ]
(a) same beam direction           (b) opposite beam direction
Figure2 “Per UE” EIRP under different condition
Proposal 4: For the sum up the multiple “EIRP” in different directions, the following concept of “per-UE” EIRP can be considered: To sum up of all respective beams in a certain direction as a function of a certain angle as “per-UE” EIRP

Note: Those EIRP items for different beams are only for concept illustration and cannot be differentiated if configured in one CC.

However, it is still not fully clear whether we really need to send this information to RAN1 as part of the reply LS. May be this kind of clarification can also be discussed later.

Questions and Answers
Based on previous discussion, the answers to questions were suggested to be greatly simplified, and circumvent several key remaining issues, aiming at a quick agreement. If more agreements can be reached, such as the definition of “panel”, and the summing up method of EIRP in different direction, those contents can also be added in the LS, the remaining part can be discussed after the WI starts in RAN4.
Proposal 5: A simplified version of draft LS was attached aiming at easier agreement. If new agreements such as the definition of “panel” or the summing up method of EIRP in different direction can be reached, they can also be incorporated in the LS.

Conclusion
In this paper, some discussion was done and a list of observations and proposals are provided. 
Observation 1: RAN1 is doing research of per-panel power control scheme, and RAN4 is asked to take part in the feasibility study and requirements definition. 
Observation 2: Current RAN4 discussion is already touch the core port of the WI but no specific TU and agenda except for this LS, thus making difficult to converge.
Observation 3: RAN1 is still making progress even without RAN4’s feedback.
Proposal 1: A preliminary LS which answers some of the questions and provide some background information for alignment may be enough for current stage, and further details can be left to the WI starts in RAN4.
Proposal 2: The concept of “panel” may be referenced from RAN1 or defined RAN4 specific more implementation orientated concept. The details can also be postponed to later stage.
[bookmark: _GoBack]Proposal 3: Detailed power limitation may not be that necessary to be sent to RAN1 in this stage. 
Proposal 4: For the sum up the multiple “EIRP” in different directions, the following concept of “per-UE” EIRP can be considered: To sum up of all respective beams in a certain direction as a function of a certain angle as “per-UE” EIRP

Note: Those EIRP items for different beams are only for concept illustration and cannot be differentiated if configured in one CC.
Proposal 5: A simplified version of draft LS was attached aiming at easier agreement. If new agreements such as the definition of “panel” or the summing up method of EIRP in different direction can be reached, they can also be incorporated in the LS.

A simple draft reply LS was also attached in 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. Regarding the questions, RAN4 is currently have the following answers:

Question 1: From RAN4 perspective, is Assumption 1 is feasible?
Answer: Yes.

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 after the WI started in RAN4.

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: It is believed that both assumptions are feasible, and both assumptions shall be applied to a same UE. The per-panel power limitation would be defined if necessary in latter stage, and the per-UE power limitation should be applicable at all the time.

[Editor’s note: Clarifications on how to calculate sum up two different beams, e.g. “per UE” EIRP, can be added if agreed]


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 #105	14 - 18 Nov. 2022        Toulouse, France
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