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Introduction
The draft skeleton of technical report of NR studies on RF and coexistence aspects has been approved in RAN4#79 in [1]. 
In this contribution, we propose texts related to PA considerations for TR 38.803.
Text proposal
The following text proposal is related to Section 6.1. 
<<<<< START of TEXT PROPSOAL >>>>>
[bookmark: _Toc452032728][bookmark: _Toc452032723]6.1	Common issues for UE and BS
Editor’s note: Common RF issues for both UE and BS RF requirement feasibility are captured
6.1.X	PA efficiency in relation to unwanted emission for mm-wave technologies
Radio Frequency (RF) building block performance generally degrades with increasing frequency. The power capability of power amplifiers for a given integrated circuit technology roughly degrades by 20 dB per decade, as shown in Figure 6.1.X-1. There is a fundamental cause for this degradation; increased power capability and increased frequency capability are conflicting requirements as observed from the so-called Johnson limit. In short, higher operational frequencies require smaller geometries, which subsequently result in lower operational power in order to prevent dielectric breakdown from the increased field strengths. Moore’s Law does not favor power capability performance.
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[bookmark: _Ref449015269]Figure 6.1.X-1 Power amplifier output power versus frequency for various semiconductor technologies. The dashed line illustrates the observed reduction in power capability versus frequency (-20 dB per decade). 
A remedy is however found in the choice of integrated circuit material. Mm-wave integrated circuits have traditionally been manufactured using so called III-V materials, i.e. a combination of elements from groups III and V of the periodic table, such as Gallium Arsenide (GaAs) and more recently Gallium Nitride (GaN). Integrated circuit technologies based on III-V materials are substantially more expensive than conventional silicon-based technologies and they cannot handle the integration complexity of e.g. digital circuits or radio modems for cellular handsets. Nevertheless, GaN-based technologies are now maturing rapidly and deliver power levels an order of magnitude higher compared to conventional technologies. 
There are mainly three semiconductor material parameters that affect the efficiency of an amplifier: the maximum operating voltage, maximum operating current density and knee-voltage. Due to the knee-voltage, the maximum attainable efficiency is reduced by a factor proportional to:

Where k is the knee-voltage to the maximum operating voltage ratio. For most transistor technologies the ratio k is in the range of 0.05 to 0.01, resulting in an efficiency degradation of 10% to 20%.
The maximum operating voltage and current density limits the maximum output power from a single transistor cell. To further increase the output power, the output from multiple transistor cells must be combined. The most common combination techniques are stacking (voltage combining), paralleling (current combining), and corporate combiners (power combining). Either choice of combination technique will be associated with a combiner-efficiency. A lower power density requires more combination stages and will incur a lower overall combiner-efficiency. At mm-wave frequencies the voltage- and current-combining methods are limited due to the wave-length. The overall size of the transistor cell must be kept less than about 10th of wavelength. Hence, paralleling and/or stacking are used to some extent and then corporate combining is used to get the wanted output power. The maximum power density of CMOS is about 100 mW/mm compared to 4000 mW/mm for GaN. Thus GaN technology will require less aggressive combining strategies and hence higher efficiency.
Figure 6.1.X-2 shows the saturated power added efficiency (PAE) as function of frequency. The maximum reported PAE is about 40% and 25% at 30 GHz and 77 GHz, respectively. 
PAE is expressed as PAE = 100*{[POUT]RF – [PIN]RF} / [PDC]TOTAL . 
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[bookmark: _Ref449620899]Figure 6.1.X-2 Saturated power added efficiency versus frequency for various semiconductor technologies. The data points are taken from an internal Ericsson survey of published microwave and mm-wave power amplifier circuits.
At mm-wave frequencies the available output power is fundamentally limited by semiconductor technologies. Furthermore, the efficiency is also degraded with frequency.
Considering the PAE characteristics in Figure 6.1.X-2 , and the non-linear behavior of the AM-AM/AM-PM characteristics of the power amplifier, significant power back-off would be necessary to reach certain linearity requirement such as ACLR. Considering the heat dissipation aspects and significantly reduced area/volume for mm-wave products, the complex interrelation between linearity, PAE and output power in the light of heat dissipation should be considered. 

<<<<< END of TEXT PROPSOAL >>>>>

Conclusion
We propose to adopt the above mentioned text proposal for TR 38.803.
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