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1. Introduction
mmWave power class and power control were discussed for several meeting without clear understanding and agreement. This contribution provides our understanding for discussion. 
2. Discussion
The power control procedure should be discussed and decided in RAN1, but it’s also related to the RAN4 power class definition and the power control test. We firstly discuss the idea of mmWave power control as the background, then the power class definition is discussed to align with the power control procedure. mmWave test is a big challenge, we also provided our preliminary consideration of how to do the power control test.
2.1 Power control
The power class definition was agreed to be based on EIRP because the measurement should be OTA measurement. That agreement caused some confusion and argument on the power control, i.e. if power control should also be based on EIRP. However, EIRP performance is very different for the whole sphere even the TRP is the same because of the different antenna element gain and the beamforming gain. That will lead to very complicated calibration problem for UE implementation. When the issue is rethinking deeply, it was found that power headroom (PHR) is the parameter needs to be reported to BS. When beam is locked, PHR is only related to TRP because beam is not changed thus no antenna and beamforming aspects’ impact to the later power control. The antenna and beamforming gain can be included in the coupling loss. Considering LTE UE antenna performance provided in [5], the actual sub-6 GHz UE antenna is also not perfectly omnidirectional, the TRP based power control works well for LTE.
The potential problem for the TRP base power control for mmWave can be different beams may have different PHR according to the various beam patterns. The solution can be power control is done per beam pair link. That is also not conflict with the TRP based power control when beam is locked. 
Based on the above consideration, TRP based power control when beam is locked is feasible both from physical layer procedure and the RF point of view. The most benefit for the solution is that it avoids UE maintenance of the antenna gain for different directions, although that can be done it brings much trouble to the calibration and test efforts.
The transmitted TRP can always be known by UE and RAN1 can take TRPmax = Ppower​_class – associated antenna gain, then antenna gain can be transparent to power control and PHR operations. That brings flexibility to RAN4 power class definition. How to define EIRP based Power class can be the task of RAN4 only.
2.2 Power class definition
When considering how to define the power class, we may need to be aware why we need to define power class and how to use it. Besides the power control relationship we discussed in the above section, where we concluded EIRP based is ok, power class can also be used for network planning. Based on that reason, we proposed 50%-tile CDF performance to be the power class in [6]. However, we also realized that there’s regulation for example FCC has the peak EIRP limitation. And the peak EIRP can be easier to be understood by other groups such as RAN1. For the network planning, we can define another percentile requirement to show the whole performance picture for reference.
For the exact peak EIRP, there’s potential problem that the peak performance can be not very fixed or not easy to be estimated/measured. Looking at the following two antenna gain measurement examples, the measurements were done for sufficient measurement points then the exact peaks were found. But the real test may miss the peak value according to mapping and the limited test points. Even the sufficient points are guaranteed, the peak value only exist at very small points. That performance doesn’t make much sense. 
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Figure 1: One antenna gain measurement example
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Figure 2: another antenna gain measurement example

Considering the above reasons, we propose 90%-tile CDF value to be defined as the power class. For other group understanding, we think the 90%-tile performance can also be understood as the peak EIRP performance. 

Proposal 1: mmWave power class is defined as the following:

	Power class
	90% EIRP requirement (dBm)
	Tolerance (dB)
	Upper limit TRP (dBm)

	A
	Nominal value (TBD)
	+X/-Y
	23


How to choose the nominal EIRP value and the tolerance can be discussed further.

For the PCMAX definition, we can still use the similar idea with LTE. The difference is that Pcmax and Pemax need to be clarified by EIRP accordingly.
PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c with


PCMAX_L,c = MIN {PEMAX,c – TC,c,  PPowerClass – MAX(MPRc + A-MPRc + TC,c , P-MPRc)}


PCMAX_H,c = MIN {PEMAX,c,  PPowerClass}

where

-
PEMAX,c is the value given by IE P-Max for serving cell c, for the peak EIRP;

-
PPowerClass is the maximum UE power specified in the Table of proposal 1 as 90% EIRP without taking into account the tolerance.
2.3 How to test power control

If TRP based power control can agreed in RAN1, the power control test would not be a tough task for RAN4. Beam locked test [4] and the 90% point can be chosen for the absolute and relative power control. The detail procedure and the requirement can be discussed further when power class and EIRP requirement are approved in the group.
3. Conclusion
This contribution provides the proposal for power class definition and also the power control idea as the background. We propose,
Proposal 1: mmWave power class is defined as the following:

	Power class
	90% EIRP requirement (dBm)
	Tolerance (dB)
	Upper limit TRP (dBm)

	A
	Nominal value (TBD)
	+X/-Y
	23


How to choose the nominal EIRP value and the tolerance can be discussed further.

For power control test, we think beam locked test and the 90% point can be chosen for the absolute and relative power control. Detail can be discussed after power class and EIRP requirement are agreed in the group.
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