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[bookmark: _Toc116995841]Introduction
In RAN #94e, the MIMO evolution downlink and uplink was approved in [1]. Among its objectives, there is the study and specification of STxMP for multi-TRP operations
In the last meeting RAN4#106, the following WF R4-2303495 was agree
	<Sub-topic 2-1> STxMP
 
<Agreement>: FR2 power class applicability
Consider PC1/PC2/PC4/PC5/[PC6] only.
 
<Agreement>: Panel definition
Use Option 1 as baseline. (Option 1: Based on multi-Rx WI)
 
<Agreement> 
Current defined power classes shall be considered further as reference for any power limitation discussions while defining the new requirements for STxMP case, if needed.
 
<Agreement>
STxMP scenario should be carefully considered to simultaneously handle the regulatory MPE requirements and the total radiated power requirements
 
<Way forward>: ‘Per-TCI state’ configured power for ‘per-panel’ power limitation
- 	Companies are encouraged to provide view on ‘Per-TCI state’ power limitation, or other solutions to support ‘per-panel’ power control based on realistic implementation considerations.  
 
<Way forward>: Method to specify ‘per-UE’ power limitation	
-	Companies are encouraged to provide view on ‘Per-UE’ power limitation for STxMP with following options
   -	Option 1: Reuse legacy requirement for STxMP
    -	Option 2: Define new requirements as ‘total power concept’ for STxMP
    -	Option 3: Others
 



[bookmark: _Toc116995842]Discussion
The main content of the paper and analysis is

Power limitation
	From RAN4: 
Agreement
· STxMP scenario should be carefully considered to simultaneously handle the regulatory MPE requirements and the total radiated power requirements
 
<Way forward>: ‘Per-TCI state’ configured power for ‘per-panel’ power limitation
-     Companies are encouraged to provide view on ‘Per-TCI state’ power limitation, or other solutions to support ‘per-panel’ power control based on realistic implementation considerations.  


From RAN1: 
Agreement
On unified TCI framework extension, if an indicated joint/UL TCI state(s) applies to a PUSCH/PUCCH/SRS transmission occasion(s) or antenna port(s), the UE shall determine UL Tx power for the PUSCH/PUCCH/SRS transmission occasion(s) or antenna port(s) based on the UL PC parameter setting for PUSCH/PUCCH/SRS, if any, and the PL-RS included in the indicated joint/UL TCI state
· FFS: For STxMP, the maximum Tx power when the UE determines UL Tx power for the PUSCH/PUCCH transmission occasion(s) or antenna port(s) (discussed after receiving RAN4 reply on UE power limitation for STxMP in FR2)
· FFS: Default UL PC parameter setting(s) if one or both of indicated joint/UL TCI states applied to PUSCH/PUCCH/SRS transmission occasion(s) or antenna port(s) does/do not include the UL PC parameter setting(s) for PUCCH/PUSCH/SRS
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As agreed in the last RAN4 meeting it should be considered to handle the MPE and total radiated power requirements, also when applying STxMP.
Depending on the UE physical antenna implementation, the spherical coverages of the different antenna modules may be pointing in same or different directions with or without overlapping directions. This is shown as examples in the below figures. If both antenna modules simultaneously operate at its maximum power level, the TRP (Total Radiated Power) limit may be violated in case of overlapping directions.
UE antenna architectures may have both overlapping and non-overlapping spherical coverages of the antenna panels.
The maximum power limit per UE panel for a single active panel and for UL MIMO with multiple active panels are the same. That is to say that each UE panel (operating individually) must be below the TRP value of 35 dBm while the UE with simultaneously transmitting panels must also be below the TRP value of 35 dBm, e.g. each panel transmitting with 29 dBm for 4-layer UL MIMO (i.e. 35 dBm available power divided by 2 panels, divided by 2 polarizations).


Figure 1: UE architecture yielding an area where there is an overlap and the summed radiated power may exceed a limit.


Figure 2: UE architecture yielding no overlap of angles where radiated power exceeds a limit.
If the AoD from UE is separated below a threshold e.g. 30 degrees, then there is likely an overlap in radiated power from the UE at a certain point in space. In this scenario, UE cannot transmit maximum power e.g. 35 dBm from each of the UE panels/beams because it would add constructively and result in a radiated power of e.g. 38 dBm in a certain point of the sphere. 
In such a use case, the UE must reduce the output power of each panel/beam to 32 dBm such that it is compliant with regulatory limits.
In the case of overlapping spherical coverages of UE antenna panels, the total power transmitted in the overlapping spherical coverage needs to be controlled.
RAN4 to specify UE RF requirement for STxMP operating UEs not violating the maximum radiated power regulatory limits.

[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
Observation 1: UE antenna architectures may have both overlapping and non-overlapping spherical coverages of the antenna panels.
Observation 2: In the case of overlapping spherical coverages of UE antenna panels, the total power transmitted in the overlapping spherical coverage needs to be controlled.
Proposal 1: RAN4 to specify UE RF requirement for STxMP operating UEs not violating the maximum radiated power regulatory limits.
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