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1. Background
In [1], the trends for power amplifier semi-conductor technologies in terms of achievable peak saturated power and power added efficiency was presented. Due to complex dependency between output power, ACLR/unwanted emission and efficiency, it is important to properly document theses aspects including performance and feasibility during the SI to ensure that proper considerations when WI for standardizing specific frequency bands in 7-24 GHz range is taken.
The intention with this paper is to propose text to capture the power amplifier trends for different technologies.

2. Proposal
It is proposed that the attached text proposal is included in TR 38.820 [2].
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[bookmark: _Toc2329514]6.2	Selection of example frequencies
Editor’s note: Identify representative example frequencies for study
[bookmark: _Toc2329515]6.3	RF technology considerations in the 7-24 GHz range
[bookmark: _Toc2329516]Editor’s note: This section is intended to capture conclusions on the performance of key technologies in the BS and UE in the range, such as power amplifiers, filters, receivers, phase noise etc
6.3.1 PA trends
For 7-24 GHz frequency range, it is essential to perform in-depth analysis of power amplifiers based on different semi-conductor technologies. In addition, complex relation between output power, ACLR (linearity) and efficiency is an important aspect considering the performance and feasibility for example frequencies.
The PA technology and trends in this paper is based on professor Hua Wang at Georgia Tech [x] work where a large power amplifier survey consisting of more than 2000 data points were published in 2008. Wangs database covers published results from year 2000 and beyond, both from the open literature as well as commercial amplifiers from various vendors. 
Based on this material a more comprehensive analysis of achievable power amplifier performance has been investigated and presented in this chapter. The analysis covers the peak output power and power added efficiency. It should be noted that for all presented characteristics in this chapter, the results are based on peak power, non-linearized power amplifiers without considering the bandwidth impact to show the trends with respect to frequency for different technologies.
6.3.1.1 PA Saturated peak output power
In Figure 6.3.1.1-1, a scatter diagram of saturated output power as a function of operating frequency for Silicon technologies is shown. The technologies are grouped in three categories: LDMOS, CMOS and SiGe. The attainable output power at a given operating frequency is limited by the saturated electron velocity and the breakdown field strength in a given semiconductor material. This is captured in Johnsons’ figure of merit which states that the maximum output power will decrease with 20 dB/decade as the operating frequency is increased. The black line 1 conveys the limitation due to Johnsons’ figure of merit.
[image: ]
Figure 6.3.1.1-1	Saturated output power versus frequency for power amplifiers using Silicon transistors.
Figure 6.3.1.1-2 presents the maximum output power as function of operating frequency for two compound semiconductor technologies: GaAs and GaN. Higher output power can be achieved but would necessitate excessive power combining associated with decreased operating efficiency.
[image: ]
Figure 6.3.1.1-2	Saturated output power versus operating frequency for GaAs and GaN power amplifiers
For operating frequencies in the range of 7 GHz to 24 GHz we can observe given the constrains mentioned above:
· Silicon technologies are limited to maximum 2 W of peak power
· With GaN technology the peak output power can be increased to maximum 20 W peak power (at 24 GHz).
· 
It should be noted that the peak saturated power mentioned above does not consider many aspects in a practical implementation as the achievable average power (RMS) would be ~10 dB lower compared to saturated peak power to fulfill the needed modulation quality or necessary linearization range and bandwidth.
6.3.1.2 PA Efficiency
In the previous section the output power capability was analyzed using published power amplifier data. In this section the same dataset will be used to study the efficiency of available semiconductor technologies.
In Figure 6.3.1.2-1 (left), a scatter diagram of peak power added efficiency as function of operating frequency for power amplifiers made using Silicon transistors (LDMOS, CMOS and SiGe). In Figure 6.3.1.2-1 (right) the same parameters are plotted for compound semiconductor transistors (GaAs and GaN). As expected the efficiency is mainly dependent on the operating frequency and not the transistor technology. The wide spread of data is mainly due to different power levels and different amplifier architectures (e.g. class-A, class-AB, Doherty etc.).
[image: ] [image: ]
Figure 3	Peak power added efficiency versus frequency for power amplifiers using Silicon transistors (left) and compound semiconductor transistors GaAs and GaN (right).
Grouping power amplifiers in different power categories gives a better view on the efficiency performance of different semiconductor technologies. 
In the frequency range 7 GHz to 24 GHz, the maximum power amplifier efficiency will be strongly dependent on the operating frequency and the chosen semiconductor technology. In coming meetings, we will further elaborate on power efficiency for some specific power levels for different semi-conductor technologies.
The above analysis indicates that from a technological perspective the frequency range 7 GHz to 24 GHz in terms of low power amplifier efficiency is quite similar to FR2. The need for AAS type of products for this frequency range as well as the integration in limited space, makes the thermal design and considerations more challenging compared to FR1.

6.4	Key parameters over the 7-24 GHz range
Editor’s note: Conclusions on ranges for some key parameters from a technology capability perspective (Output power, ACLR, noise figure etc.)
[bookmark: _GoBack]
	1/2	
image2.png
O GaN

0O GaAs

(M) Jamod 3ndino dead

Frequency (GHz)




image3.png
Power added efficiency (%)

O LDMOS vV SiGe
O CMOS

Qo
o
]

~
o
1

(®)]
o
1

(92
o
]

N
o
1

w
o
1

N
o
]

=
o
1

o
1

Frequency (GHz)





image4.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  


image5.png
O GaN

O GaAs

(%) AduaIdIpe pappe Joamod

Frequency (GHz)




image6.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       


image1.png
Peak output power (W)

O LDMOs VvV SiGe
O CMOs

103 4

102 4

10! 4

100 4

20 dB/dec

10° 10t 102
Frequency (GHz)





