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Introduction
In this contribution, we further provide our views on FR2 Pcmax based on paper [1] we submitted in previous meeting.  
Discussion
In [1], we proposed
· Pcmax is an EIRP-based quantity, and the Pcmax equation does not contain intermediate terms which seek to convert the parameter’s reference plane to a conducted or average radiated reference.
· Pcmax is a function of Ppower_class, which is a parameter derived from the peak EIRP agreements. In order to allow the power control procedures to occur in the center of the tolerance range for output power, from the UE’s perspective, the value of Ppower_class is based on the nominal output power rather than the minimum.
Another proposal in [2] used different approach
· the Pcmax should be defined in the same plane of reference as the calculated UE output power for proper PH calculation and mapping. This supports a specification of the Pcmax in a plane of reference in the TX path corresponding to that of the of the higher layer filtered RSRP in the RX path as proposed in [3]. Hence this Pcmax definition would be somewhat similar to a “conducted” metric before antenna combining and less dependend on whether or not the UE supports beam correspondence. 
For simplicity, let’s define Pcmax in [1] as Pcmax_ERIP since it was suggested as ERIP-based quantity which is after Tx antenna combining, and define Pcmax in [2] as Pcmax_TRP since it was suggested as a quantity before Tx antenna combining.
There is no agreement yet on Pcmax definition. 
Let’s revisit power control equation [3]

 [dBm]    (1)
and corresponding power headroom is defined by

[dB]    (2)
where 

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

is the bandwidth of the PUSCH resource assignment
= 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. 
The higher layer filtered RSRP reference plane for FR2 has been defined in 38.215 as follow:
· For frequency range 1, the reference point for the SS-RSRP shall be the antenna connector of the UE. For frequency range 2, SS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRP value shall not be lower than the corresponding SS-RSRP of any of the individual receiver branches.
Equation (1) and (2) are valid under the following assumptions 
· DL and UL path loss (antenna beamforming gains included) are the same 
· Pcmax is defined by Pcmax_TRP
In practice, UE may not be able to generate the same Tx and Rx beamforming gains. This is because
· A UE may have different Tx and Rx antenna elements. SS-RSRP is measured based on the combined signal from antenna elements. This is different with FR1 where SS-RSRP is measured at antenna connector. No combining is assumed 
· FR2 may have beamforming gain mismatch between Tx and Rx even the number of Tx antenna elements and the number of Rx antenna elements are the same. This is also different with FR1 where Tx and Rx antenna gains are assumed the same.

Based on above analysis, equation (1) and (2) should be modified by adding a term to reflect this gain mismatch where Pcmax can be replaced by Pcmax_TRP.


 [dBm]        (3)

[dB]   (4)



where  represents UE Rx and Tx beamforming gain mismatch.  is UE Tx beamforming gain and is UE Rx beamforming gain.

Pcmax_TRP reference plane is defined as the same plane as SS-RSRP in [2].  Although conceptually it can be defined in that plane, but there is an issue to specify the value of Pcmax_TRP in the specification. In RAN4 it was agreed to define Ppower_class as boresight EIRP value [4]. That means EIRP based power class will be specified. If different UEs implement different number of Tx antenna elements (It is up to UE implement), to be the same power class in EIRP domain, Pcmax_TRP will be different among UEs. So Pcmax_TRP is a UE specific value and up to UE implementation and cannot be standardized. 




When comparing Pcmax_EIRP with Pcmax_TRP, the difference between these two values is a UE specific value reflecting Tx antenna combining gain, we can chose Tx boresight beamforming gain value  (which is UE specific) to convert Pcmax_TRP to Pcmax_EIRP which has the same reference plane as Ppower_class and also add into . By doing so equation (3) and (4) become 


 [dBm]   (5)

[dB]     (6)



Please note,  in (5) and (6) contains original in (3) and (4) plus.




[bookmark: _GoBack]Without ambiguity, we can further write the equation (5) and (6) in a generic way (Common to FR1 and FR2) by using symbol  to replace  and  to represent the general correction term including UE Rx and Tx beamforming gain mismatch and Tx boresight beamforming gain value .


 [dBm]     (7)

[dB]      (8)

In equation (7) and (8), Pcmax_EIRP is used as Pcmax and its value can be defined in the specification. Once it is fixed, it is independent of number of Tx antenna elements. This results in the following proposal:

Proposal: Pcmax is defined as an EIRP quantity and will be specified in the specifications, and equation (7) and (8) are used as power control equations for PUSCH. The same approach shall be used for power control in other UL physical channels. 

Conclusion
In this contribution, we discuss the Pcmax and power control equations. It concludes that Pcmax should be an EIRP based quantity which is agnostic to the number of Tx antenna elements once its value is fixed.  We provide the following proposal:
Proposal: Pcmax is defined as an EIRP quantity and will be specified in the specifications, and equation (7) and (8) are used as power control equations for PUSCH. The same approach shall be used for power control in other UL physical channels. 
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