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Introduction
In this contribution, Pcmax and power control equations are discussed. EIRP based Pcmax is defined.
Discussion
 Background
During the RAN4 #84bis meeting RAN4 had agreed the following LS on power control [1]
[bookmark: _Hlk495477214]Question 1: If the UE supports a set of beams for a desired directivity, RAN1 would like to kindly inquire RAN4 when a UE selects a beam with a desired directivity from a limited set of beam choices, whether the UE could have an estimate of the directivity of the employed beam, and the possible accuracy of the estimation.
[bookmark: _Hlk495477163]
To question 1, the mechanism of UE beam selection is implementation-specific, may optimize a variety of metrics, and may not be necessarily constrained to the problem of selection of desired directivity. The EIRP of a beamformed transmission by the UE depends on a number of parameters, such as beam forming table optimization, finite beam forming table limitations, and the physical presence of shadowing elements (such as the user’s hand or fingers). Therefore, it is not always feasible for the UE to track or report the antenna gain value in a particular beam direction or the difference between the gain value in a particular beam direction and the peak EIRP, and also it is not always feasible for the UE to maintain an estimate of the directivity of the employed beam. RAN4 does not intend to define capability based on UE ability to track antenna gain value.

Question 2: RAN1 would like to kindly inquire RAN4 whether the approach B (e.g., Pcmax based on TRP) can be supported, and if it would result in any critical issue from RAN4 perspective.
To question 2, Approach B is feasible. However, RAN4 has agreed EIRP based maximam output power and EIRP based Pcmax will be defined.

In the answer to the question 2, it clearly stated that EIRP based Pcmax will be defined.
Definition of Pcmax in FR2
In 38.213, the PUSCH power control equation is 

 [dBm]    (1)
where 

 is the target received power at the BS, configured by higher layer.

is the bandwidth of the PUSCH resource assignment
[image: ]= referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers and RSRP is defined in [7, TS 38.215] for the reference serving cell and the higher layer filter configuration is defined in [12, TS 38.331] for the reference serving cell. 


While defining  using approach in [2] with the same reference plane as RSRP measurement renders  to be a UE specific value in dBm. Since FR2 UEs can have different implementations in PA and antenna design, the output power of PA elements and number of PA elements can be different from UE to UE. This leads to the issues in defining a common value of Pcmax for all UEs. While in EIRP plane, the required power level for Ppower_class has been agreed for handheld UEs in [5]. It is straightforward to define Pcmax as an EIRP value as a function of Ppower_class so that it can be captured into specifications.
On the other hand, PEMAX and corresponding IE P-Max should be in EIRP values which can be defined common to all UEs to bound Pcmax. This is also aligned with LTE in PEMAX and IE P-Max definitions. 


The equation (1) has not yet reflected the agreed LS [6] to define the Pcmax at EIRP plane. In current form, the Tx power () takes reference plane as the same as RSRP plane because the path loss calculation uses higher layer filtered RSRP as the reference point. In order to follow the agreement in the LS, in the following equation we need to consider EIRP based Pcmax by adding a UE specific gain term  to bring Tx power to EIRP plane. In a straightforward way, Pcmax is a direct function of Ppower_class, shown in our submitted paper [3].

 [dBm]    (2)



[bookmark: _GoBack]Where  = Ppower_class – PT in dB, and PT is required PA transmit power before Tx antenna to meet Ppower_class requirements with 0dB MPR reference waveform. is a UE specific and known value and shall be applied to equation (2) by UE. For FR1, clearly = 0.
The same change should be also applied to PUCCH, SRS and PRACH in equation (3),(4) and (5) respectively.

 [dBm] (3)

 [dBm]    (4)

 [dBm]                                                                 (5) 






By adding into power control equations, all power terms,, and are based on EIRP plane. They are independent of UE implementations. Also PEMAX, IE P-Max and extended PHR with Pcmax reporting can have dBm units applicable to all UEs and can be defined in a straightforward way in other related specifications for both FR1 and FR2. 
Observation 1: By defining Pcmax at EIRP plane, PEMAX , IE P-Max and extended PHR with Pcmax reporting can have dBm units applicable to all UEs. This aligns FR2 with FR1 in all related specifications.
Proposal: Send a LS to RAN1 to request to re-evaluate the power control equations in 38.213 based on RAN4 LS R4-1711624.

Conclusion
In this contribution, based on agreement that EIRP based Pcmax will be defined, the Pcmax is defined and power control equations are modified. We have the following observation and proposal
Observation 1: By defining Pcmax at EIRP plane, PEMAX , IE P-Max and extended PHR with Pcmax reporting can have dBm units applicable to all UEs. This aligns FR2 with FR1 in all related specifications.
Proposal: Send a LS to RAN1 to request to re-evaluate the power control equations in 38.213 based on RAN4 LS R4-1711624.
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