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1.	Introduction
In RAN4#94-Bis-e a WF [1] was agreed for p-max on fr2. The WF encouraged companies to clarify the need and implementation possibilities for p-max.  This paper explains why EIRP based p-max is not favourable but TRP based is possible.  
2. 	Discussion
2.1	Discussion on P-max applied to EIRP 
The purpose of the beam forming in the UE is to increase the antenna gain to compensate for poor conducted power and sensitivity in a commercial implementation at mm wave frequencies. Beam forming also provides some directional isolation to interference. The physical implementation of the beam forming has some imperfections and one of those is the appearance of sidelobes. Sidelobes can be understood mathematically so that if phase shifting is applied so that the beam is tilted to an angle, there is another angle where a summation occurs. In practical design, also back lobe can reflect from phone cover and cause different kind peaks in the antenna patterns. Different antennas have different kind of sidelobe properties. The 2x2 or 1x4 antenna arrays tend to be more prone to sidelobes than for example paraboloids, for example. The antenna pattern example is shown in Figure 1. More interesting animation can be found from [2] which gives better understand about the problem the design has in terms of limiting the p-max in EIRP domain. 

Figure 1. Illustration of antenna radiation patterns
Observation 1: Antenna radiation pattern consists of multiple lobes and nulls where antenna gain varies.
Observing the animation [2] we notice that also the gain of the sidelobes change depending on the beam forming setting and can also be atleast the same level as the main lobe.   
These sidelobes are also a function of a user grip so in conclusion they can not be fully predicted. Interesting note is that UE does not know if it found that the best beam was because the main lobe or the sidelobe pointed to the gNB because it can only observe RSRP or SNR received. 
Observation 2: UE does not have knowledge of the current antenna radiation pattern in field operation
If a conducted power is injected to the antenna array, the EIRP in to different directions from the UE is defined by the antenna radiation pattern. UE does not know what was the exact EIPR it produced to the gNB direction. Furthermore, UE does not know what was the maximum EIRP it produced since the sidelobe gain is unknown. 
Observation 3: UE can not know what is the maximum EIRP at a given transmission occasion. 
Proposal 1: P-max is not applied to EIRP in UE
2.2	Discussion on P-max applied to TRP
To implement some form of max power limitation, a conducted domain limitation can be considered. TRP can be used as the observed conducted power here but it should be noted that conducted power ≠ TRP sine the different observation plane and antennas + feedlines+ cover losses never result to 0 dBi in total. In addition, the beam forming may impact the TRP since for some beams, the cover loss and reflections may impact the overall radiation efficiency. This means that expected accuracy of the p-max implementation maybe low. The implementation is the specification for TRP could be simply as below:
PTMAX,f,c ≤ MIN(TRPmax, P-Max)
In this it is up to UE implementation to ensure the TRP is below the desired P-Max value. 
In addition, since lowering TRP or conducted power will lower also EIRP, the lower limit for the maximum power needs to be reduced by the amount of TRP reduction as follows:
MIN{P-Max, PPowerclass – MAX(MAX(MPRf,c, A- MPRf,c,) + ΔMBP,n, P-MPRf,c) }– MAX{T(MAX(MPRf,c, A- MPRf,c,)), T(P-MPRf,c), T(P-Max)} ≤ PUMAX,f,c ≤ EIRPmax

Proposal 2: If p-max is added to the rel-16 UE requirements, the p-max limitation is applied to the TRP and lower limit of the PUMAX.
2.3 	Discussion on the need of the P-max
Adding P-max to the UE requirements causes more work for the UE validation and engineering since the implementation of operation in power control and radiated validation of operation is needed for every UE and also likely for many power levels, bands and RB allocations etc. Motivation to add such burden that eventually increases cost of the UE, directly and indirectly, should be clear. This request has been justified by Japanese regulation and hospital use in some areas but to our knowledge, those rules include maximum antenna gain limitation so TRP based limitation alone would not be sufficient to satisfy the needed compliance. In theory, EIRP based limitation would not be sufficient either since UE is allowed to implement high gains antennas.
Proposal 3: Motivation for p-max limitation shall be clarified before agreements on UE implementation

Conclusion
We discussed p-max implementation challenges and made the following observations:
Observation 1: Antenna radiation pattern consists of multiple lobes and nulls where antenna gain varies.

Observation 2: UE does not have knowledge of the current antenna radiation pattern in field operation
Observation 3: UE cannot know what is the maximum EIRP at a given transmission occasion. 
And made the following proposals:
Proposal 1: P-max is not applied to EIRP in UE
Proposal 2: If p-max is added to the rel-16 UE requirements, the p-max limitation is applied to the TRP and lower limit of the PUMAX.
Proposal 3: Motivation for p-max limitation shall be clarified before agreements on UE implementation
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