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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-bis-e, the following WF R4-2306629 was agreed
	<Topic 1> STxMP
1. UE architecture assumption
<Way forward>
-	It is useful to establish a common view of the UE hardware architectures for STxMP discussion
-	Detailed UE architecture assumption can be further discussed at the later stage when RAN4 discusses STxMP requirements with clearer work scope

2. Configured power per panel (per TCI state)
<Way forward>
-	Relaxation factor can be added based on the study outcome of the configured power and requirements for STxMP
-	RAN4 will further study how to improve the proposed per-TCI state configured power as proposed in RAN4#107, and if necessary while considering the following issues. Other solutions are not precluded
	>	Whether/how to improve the per panel configured power to make it clearer for the two-panel transmission
	>	Solution to differentiate the per-beam power for different TCI-state
-	It is expected that RAN4 waits for RAN1 updates regarding per-TCI power control before confirming the concept of the configured power for STxMP

3. UE RF requirements for STxMP
<Way forward>: Per-UE related
-	Max EIRP and Max TRP should be based on the legacy requirements
-	Clarification of EIRP for STxMP can be discussed if it is necessary to consider the sum of the EIRP of all respective beams in a certain direction based on the contribution to the next meeting

<Way forward>: Per-panel related
-	RAN4 focuses on the new configured power for STxMP power control while considering the relevant requirements, e.g., Min peak EIRP (PPowerclass) and MPR (MPRf,c,k), and its testability issues raised in RAN4#106bis-e
	>	Legacy requirements can be starting point
	>	Further discussions are required for how to address the testability issue, e.g., relaxation factor and TE enhancements
-	In addition to the requirement needed for the output power configuration, other requirements, e.g., spherical coverage and beam correspondence, can be discussed when the requirements of peak EIRP and MPR per panel are clear enough in RAN4

<Way forward>: MPE considerations
-	RAN4 needs further study of the MPE scenario for the CPE/FWA/vehicle/industrial devices (if applicable) with its use case of STxMP 

 



[bookmark: _Toc116995842]Discussion
The main content of the paper and analysis is a discussion of the UE RF requirements for STxMP.

UE RF requirements for STxMP
[bookmark: _Toc116981541][bookmark: _Toc116982824][bookmark: _Toc116982859][bookmark: _Toc116982882][bookmark: _Toc116994710][bookmark: _Toc116994823][bookmark: _Toc116994895][bookmark: _Toc116994909][bookmark: _Toc116995098][bookmark: _Toc116995141][bookmark: _Toc116995897][bookmark: _Toc116995923][bookmark: _Toc116995943][bookmark: _Toc116996063][bookmark: _Toc116996084][bookmark: _Toc116996089][bookmark: _Toc116996131][bookmark: _Toc116996431][bookmark: _Toc116996752][bookmark: _Toc116997065][bookmark: _Toc117780295]Depending on the UE physical antenna implementation, the spherical coverages of the different antenna modules may be pointing in the same or different directions with or without overlapping directions. This is shown as examples in Figure 1. If both antenna modules simultaneously operate at their maximum power level, the TRP (Total Radiated Power) limit may be violated.
UE antenna architectures may have both overlapping and non-overlapping spherical coverages of the antenna panels.
The combined power of two radiated signals from overlapping beams will depend on the transmitted signal, but in case the transmitted signals are uncorrelated due to e.g. separation in different MIMO layers and spatial separation of the antenna panels, then the total radiated power is equal to the sum of the power of each signal [3], i.e.: 
, where x[n] and y[n] are uncorrelated.
With the assumption that the transmitted signals to each TRP are uncorrelated, then the combined power can be considered to be the sum of the power of each transmitted signal. 
A similar observation can be made for the combined EIRP:
With the assumption that the transmitted signals to each TRP are uncorrelated, then the combined EIRP in a given direction can be considered to be the sum of the EIRP of each transmitted signal in the same direction. 
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).


[bookmark: _Ref134689495]Figure 1: UE architecture yielding an area where there is an overlap and the summed EIRP may exceed the limit.
When transmitting at maximum power on a single panel, a PC1 or PC2 UE is at the maximum allowed to have 20dB antenna gain in order to stay below the maximum peak EIRP requirement. When the transmitted maximum power is equally distributed across two panels, the power on each panel will be 3dB below the maximum total TRP. If the antenna gain per panel is the same during single panel operation and STxMP operation, then the peak EIRP per panel will be 3dB lower than the peak EIRP for a single panel (due to the 3dB reduction in total TRP). However, the combined EIRP may still equal the single panel EIRP if the beams are overlapping. This is illustrated for a PC1 UE in Figure 2. 


[bookmark: _Ref134624931]Figure 2: Example for PC1. With equal antenna gain, the combined peak EIRP during STxMP at maximum power will equal the peak EIRP at maximum power for single panel TX.
As illustrated, during STxMP the combined peak EIRP depends on if the beams overlaps or not. The UE could therefore use different antenna gains in these two use cases as long as the requirements to total EIRP are complied. 
Table 1: Examples on maximum TRP and maximum EIRP per panel for PC1 and PC2 UE's with equal power distribution across panels.
	UE type 
	Maximum TRP [dBm]
	Max total EIRP [dBm]
	Two UL beams on different panels

	
	
	
	Maximum TRP per panel [dBm]
	Max allowed EIRP per panel when beams does not overlap [dBm]
	Max allowed EIRP per panel when beams overlap [dBm]

	PC1
	35
	55
	32
	55
	52

	PC2
	23
	43
	20
	43
	40



When distributing the maximum TRP across multiple panels, the reduction in power per panel will result in a reduced peak EIRP per panel if the antenna gain is unchanged. 

If a UE does not exceed the maximum EIRP when transmitting at maximum power on a single panel, then the maximum EIRP will also not be exceeded when splitting the power across multiple panels unless the antenna gain per panel is increased.
There are still use cases where the maximum combined peak EIRP may exceed the max EIRP limit. As an example, even if the UE is splitting its maximum TX power across two antenna panels (e.g. 32 dBm per panel for PC1) then the UE may attempt to mitigate the lower TX power by increasing its antenna gain. In this case, the combined peak EIRP may exceed the max EIRP limit even if the peak EIRP from each panel is below the maximum EIRP limit. 
The UE RF requirements for STxMP operation shall be specified such that the combined peak EIRP of a UE is not violating the maximum EIRP regulatory limits.
In case the UE needs to perform P-MPR to comply with the maximum TRP or peak EIRP during STxMP, then P-MPR may be applied unevenly on each panel, and it is suggested to investigate how the P-MPR shall be divided in this case and consider if the ratio needs to be updated dynamically.
RAN4 to investigate how potential P-MPR shall be divided across panels and if a dynamic update of the ratio is needed.
P-MPR is also used to mitigate cases where the MPE would exceed the regulatory limits. However, MPE is mainly needed for handheld devices where a user is touching the UE or in very close proximity to the UE. It is therefore our understanding that P-MPR due to MPE is not a likely use case for STxMP (not PC3 devices), but we would like a clarification of this.
Discuss if P-MPR due to MPE is relevant for the considered use cases (Power class 3 devices/handheld are not in scope).

[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
1. UE antenna architectures may have both overlapping and non-overlapping spherical coverages of the antenna panels.
With the assumption that the transmitted signals to each TRP are uncorrelated, then the combined EIRP in a given direction can be considered to be the sum of the EIRP of each transmitted signal in the same direction. 

When distributing the maximum TRP across multiple panels, the reduction in power per panel will result in a reduced peak EIRP per panel if the antenna gain is unchanged. 

If a UE does not exceed the maximum EIRP when transmitting at maximum power on a single panel, then the maximum EIRP will also not be exceeded when splitting the power across multiple panels unless the antenna gain per panel is increased.
1. The UE RF requirements for STxMP operation shall be specified such that the combined peak EIRP of a UE is not violating the maximum EIRP regulatory limits.
RAN4 to investigate how potential P-MPR shall be divided across panels and if dynamic update of the ratio is needed.
Discuss if P-MPR due to MPE is relevant for the considered use cases (Power class 3 devices/handheld are not in scope).
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