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1	Introduction 
As part of the discussions related to the Rel-18 work item on MIMO Evolution for Downlink and Uplink [1], RAN4 received an LS from RAN1 with the following information and questions [2]:

	1. Overall Description:
RAN1 studies simultaneous UL transmission across multiple UE panels (STxMP) according to the following approved objective for Rel-18 MIMO:
	RAN1:
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.



Regarding UE power control for STxMP in FR2, RAN1 has two following assumptions on power limitation so far:
· 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)?

2. Actions:
To: RAN4
ACTION: 	RAN1 respectfully asks RAN4 to provide answers for the above questions related to UE power limitation for STxMP with additional details that RAN1 shall further consider.



RAN4 discussed the LS during the RAN4 #104 meeting and did not reach a conclusion [3].  This contribution provides our views on the topic as well as recommendations on the responses to the questions from RAN1.
2	Discussion 
One aspect which is central to the definitions of all Tx requirements in RAN4 is the principle of compliance of the UE with all applicable regulatory requirements.  It is always mandatory for the UE to comply with regulation of emissions, and if the power limitation for a power class is exceeded, then it is likely that a regulatory requirement is also violated.

Although neither RAN1 nor RAN4 has a clear definition of a “panel,” which has been the practice in 3GPP to avoid constraining UE implementations in the specification, in the case of STxMP it might be possible to avoid such ambiguous terminology by referring strictly to UE capabilities and TCI states.  For a UE capable of the STxMP feature, as described by RAN1 in the LS, it is reasonable to assume that the UE will map the applicable TCI states to its panels according to its implementation, and the network will map the applicable power limitations and power control commands to the TCI states.  Thus, the response to Q1 can be formulated as provided below.

[bookmark: _Toc115265439][bookmark: _Toc115265555][bookmark: _Toc115379937][bookmark: _Toc115382009]Response to Q1:	Power limitation from regulatory perspective is always per UE; power control per panel (e.g. Pmax configuration from the network or TPC command) should be per TCI state, and based on this observation Assumption 1 seems feasible.  If the UE maps different TCI states to different panels, then it is up to UE’s implementation how to implement this mapping.

Assumption 2 in the RAN1 LS is quite well aligned with the existing principle of Tx requirements in the RAN4 specification.  Thus, it is recommended to respond to Q2 as follows below.

[bookmark: _Toc115382010]Response to Q2:	Assumption 2 is already implemented in 38.101-2 (i.e. power limitation per UE); for a UE capable of simultaneous Tx on multiple TCI states, this power limitation should be met over the sum of all simultaneously transmitted TCI states

Question 3 from RAN1 refers to both Assumptions 1 and 2.  The key consideration here is that Assumption 2 must not violate regulatory emissions requirements (i.e. it must correspond to the existing power limitations for a given power class), and the sum of Tx powers over all TCI states which are configured to transmit simultaneously needs to be limited by the power class requirements as well.  The recommended response to Q3 is below.

[bookmark: _Toc115382011]Response to Q3:	Assumption 2 total must equal to the existing power limitation for a given power class (this has regulatory implications); Assumption 1 (i.e. Tx power associated with a particular TCI state) should be limited by the existing power limitation for a given power class and any applicable network configuration; the sum of Tx powers associated with all TCI states which are transmitted simultaneously shall be limited by the existing power class limitation (this has regulatory implications)

In principle, it might make sense to consider that different TCI states could have higher or lower output power capabilities (e.g. if each TCI state is mapped to different panels, and the panels have different output power capabilities), but in practice the UE can have an arbitrary orientation relative to the TRPs associated with the configured TCI states, so it is best to leave this aspect to UE implementation.  In our understanding, both Assumption 1 and Assumption 2 are feasible and can be applied to the same UE, but the network shall not violate existing power class limitations by potentially configuring per-panel Tx power such that the total exceeds such limits.

[bookmark: _Toc115382012]Response to Q4:	Both Assumption 1 and Assumption 2 are feasible and can be applied to the same UE, and the sum of per-panel power limitations shall not exceed the existing power limitations for the UE’s supported power class. 

[bookmark: _Toc110994632][bookmark: _Toc115265443][bookmark: _Toc115265560][bookmark: _Toc115379938][bookmark: _Toc115382013]Proposal 1:	It is proposed to take the suggested responses to the RAN1 questions provided in this contribution for consideration in the RAN4 response.

3	Conclusions
This contribution provides our views on UE power control for STxMP and makes the following observation and proposals:

Response to Q1:	Power limitation from regulatory perspective is always per UE; power control per panel (e.g. Pmax configuration from the network or TPC command) should be per TCI state, and based on this observation Assumption 1 seems feasible.  If the UE maps different TCI states to different panels, then it is up to UE’s implementation how to implement this mapping.
Response to Q2:	Assumption 2 is already implemented in 38.101-2 (i.e. power limitation per UE); for a UE capable of simultaneous Tx on multiple TCI states, this power limitation should be met over the sum of all simultaneously transmitted TCI states
Response to Q3:	Assumption 2 total must equal to the existing power limitation for a given power class (this has regulatory implications); Assumption 1 (i.e. Tx power associated with a particular TCI state) should be limited by the existing power limitation for a given power class and any applicable network configuration; the sum of Tx powers associated with all TCI states which are transmitted simultaneously shall be limited by the existing power class limitation (this has regulatory implications)
Response to Q4:	Both Assumption 1 and Assumption 2 are feasible and can be applied to the same UE, and the sum of per-panel power limitations shall not exceed the existing power limitations for the UE’s supported power class.


Proposal 1:	It is proposed to take the suggested responses to the RAN1 questions provided in this contribution for consideration in the RAN4 response.
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