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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The LS from RAN1 was received by RAN4 with several questions related to UE power limitation for simultaneous UL transmission across multiple UE panels [1]. 
This paper provides our views and discussion on the questions, and provide the reply LS in the annex.
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2 Discussion
There are two assumptions on power limitation in RAN1 for FR2 UE power control, i.e.
· Assumption 1: Power limitation per panel for STxMP
· Assumption 2: A total power limitation per UE over all UE panels used for STxMP
From the perspective of UE implementation, power amplifiers are embedded in the antenna modules/panels. And the antenna modules, e.g. dual panels or triple panels, are located in different parts of the UE. With the understanding of this implementation, the hardware capability can support the maximum transmit power on every antenna panel.
Observation 1:        The hardware capability can support the maximum transmit power on every antenna panel.
The Observation 1 indicates that the hardware is not the bottleneck of maximum power transmission for STxMP. And power limitation per panel is capable on FR2 UE, targeting CPE/FWA/vehicle/industrial devices.
Observation 2:        Power limitation per panel for STxMP is capable on FR2 UE from hardware ability point of view, targeting CPE/FWA/vehicle/industrial devices.
Proposal 1:             To response to Question 1 in LS:
	Yes, Assumption 1, i.e. power limitation per panel for STxMP, is feasible from hardware ability point of view.

Every panel in UE can reach its maximum power under power control per panel, which implies that total transmit power over all panels of UE would achieve or exceed the existing power limitation for a given power class. The power limitation per UE is feasible together with power sharing technique among all the antenna panels.
Observation 3:        The power limitation per UE is feasible together with power sharing technique among all the antenna panels.
Proposal 2:             To response to Question 2 in LS:
	Yes, Assumption 2, i.e. total power limitation per UE over all UE panels used for STxMP, is feasible from hardware ability point of view.

Concerning the situation of total transmit power exceeding the existing power limitation for a given power class, the total radiated power (TRP) and EIRP are discussed separately. For TRP, the maximum transmit power over all panels will be summed together according to per-panel power limitation, when UE transmits simultaneously across multiple panels, then the TRP over all panels (i.e. the UE’s TRP) may exceed the existing power class limitation. For EIRP, considering the antenna patterns of every antenna panel varied greatly with different peak beam directions, the peak EIRP of the UE transmitting simultaneously across multiple panels will be approximately equal to the maximum peak EIRP among all antenna panels.
Observation 4:        For TRP, if the maximum transmit power over all panels are summed according to per-panel power limitation (Assumption 1), then the max power may exceed the existing power class limitation, e.g. max TRP regulation requirement. While power limitation per UE (Assumption 2) can still conform to the power limitation for given power class.
Observation 5:        For EIRP, power limitation per panel and per UE (both of Assumption 1 and Assumption 2) can conform to the power limitation.
Proposal 3:             To response to Question 3 in LS:
	The situation is considered on both TRP and EIRP.
	For max TRP, the requirement is coming from regulation and UE should guarantee its total radiated power shall be below this requirement, therefore, no matter the power limitation is per UE or per panel shall comply with the existing power class definition. 
	For max peak EIRP, the requirement is also coming from regulation, and is a directive requirement, thus it can be per panel defined. RAN4 doesn’t see the meaning of sum the EIRP power from different panels.

From the power control perspective, power limitation per panel is needed. With the consideration of more transmit power providing better UL access capability and throughput performance, every panel should have the opportunity to transmit at its maximum power limitation. If power limitation per UE is also applied together with per-panel power limitation, the per-UE power limitation can be equal to the per-panel power limitation of each panel. To avoid the maximum total radiated power (TRP) of UE exceeding the given power limitation, Assumption 2 should be activated to manage UE transmit power under power sharing technique over all panels, i.e. the max TRP requirement is guaranteed based on per-UE power limitation While the max peak EIRP requirement is guaranteed based on per-panel power limitation.
Observation 6:        Both per-panel power limitation and per-UE power limitation can be applied to a same UE. The per-UE power limitation can be equal to the per-panel power limitation of each panel.
Observation 7:        To avoid the maximum total radiated power (TRP) of UE exceeding the given power limitation, Assumption 2 should be activated to manage UE transmit power under power sharing technique over all panels.
Proposal 4:             To response to Question 4 in LS:
	From RAN4 perspective, the max TRP requirement can be per UE based, while the max peak EIRP can be per panel based.
	

3 Conclusions
This paper discussed about the questions in LS R4-2211516 from RAN1. And got the following conclusions.
Proposal 1:             To response to Question 1 in LS: 
	Yes, Assumption 1, i.e. power limitation per panel for STxMP, is feasible from hardware ability point of view.
Proposal 2:             To response to Question 2 in LS:
	Yes, Assumption 2, i.e. total power limitation per UE over all UE panels used for STxMP, is feasible from hardware ability point of view.
Proposal 3:             To response to Question 3 in LS: 
	The situation is considered on both TRP and EIRP.
	For max TRP, the requirement is coming from regulation and UE should guarantee its total radiated power shall be below this requirement, therefore, no matter the power limitation is per UE or per panel shall comply with the existing power class definition. 
	For max peak EIRP, the requirement is also coming from regulation, and is a directive requirement, thus it can be per panel defined. RAN4 doesn’t see the meaning of sum the EIRP power from different panels.
Proposal 4:             To response to Question 4 in LS:
	From RAN4 perspective, the max TRP requirement can be per UE based, while the max peak EIRP can be per panel based.
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1	Overall description
RAN WG4 would like to thank RAN WG1 for their LS on requesting information on UE power limitation for STxMP in FR2.
RAN WG4 has discussed the questions from the LS and provided the following answers to RAN WG1.
With regards to Question 1: From RAN4 perspective, is Assumption 1 is feasible?
[RAN4 Answer]: Yes, Assumption 1, i.e. power limitation per panel for STxMP, is feasible from hardware ability point of view.

With regards to Question 2: From RAN4 perspective, is Assumption 2 is feasible?
[RAN4 Answer]: Yes, Assumption 2, i.e. total power limitation per UE over all UE panels used for STxMP, is feasible from hardware ability point of view.

With regards to 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?
[RAN4 Answer]: The situation is considered on both TRP and EIRP.
For max TRP, the requirement is coming from regulation and UE should guarantee its total radiated power shall be below this requirement, therefore, no matter the power limitation is per UE or per panel shall comply with the existing power class definition. 
For max peak EIRP, the requirement is also coming from regulation, and is a directive requirement, thus it can be per panel defined. RAN4 doesn’t see the meaning of sum the EIRP power from different panels.

With regards to 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)?
[RAN4 Answer]: From RAN4 perspective, the max TRP requirement can be per UE based, while the max peak EIRP can be per panel based.
2	Actions
To RAN WG1: 
ACTION: 	RAN WG4 respectfully asks RAN WG1 to take the above feedback into account.
3	Dates of next TSG-RAN WG4 meetings:
TSG-RAN WG4 Meeting #104-bis-e	10 Oct – 19 Oct 2022		E-Meeting
TSG-RAN WG4 Meeting #105				 14 Nov – 18 Nov 2022		Canada, CA


image1.png
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 Assumptionl 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)?




