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Introduction
During last RAN4#91 meeting (Reno), TP to TR 38.820 on PA trends was approved in [1]. Information in this TP was sourced from the PA survey in [3].  
Recently (i.e. as of 2019/07/01), an updated release of this PA database has been released by its authors (with the PA data points increased to 2700, from the previous 2000 data points). With the updates, additional PA designs published between 10/2018 and 07/2019 have been incorporated. Authors of this survey include peer-reviewed and publicly accessible scientific publications that are typical forums for PAs, as well as public product datasheets on PAs/transmitters.
In this contribution TP to TR 38.820 is provided for approval for the PA trends section, based on the updated and extended PA database, which is already referred in the TR.
Conclusion	
Based on the discussion in [1], it is proposed to agree on the attached TP to TR 38.820 on updates for the PA trends section. 
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In this section we provide Draft TP to TR 38.820.
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[bookmark: _Toc9865788]3.1	Definitions
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
BS type 1-C:	NR base station operating at FR1 with requirements set consisting only of conducted requirements defined at individual antenna connectors
BS type 1-H:	NR base station operating at FR1 with a requirement set consisting of conducted requirements defined at individual TAB connectors and OTA requirements defined at RIB
BS type 1-O:	NR base station operating at FR1 with a requirement set consisting only of OTA requirements defined at the RIB
BS type 2-O:	NR base station operating at FR2 with a requirement set consisting only of OTA requirements defined at the RIB 
FR1: frequency range defined between 410 MHz to 7125 MHz
FR2: frequency range defined between 24250 MHz to 52600 MHz
[bookmark: _Toc9865789]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>
Psat	Saturated output power

[bookmark: _Toc9865790]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
AAS BS	Active Antenna System Base Station
CMOS	Complementary Metal Oxide Semiconductor
FR	Frequency Range
GaAs	Gallium Arsenide
GaN	Gallium Nitride
InP	Indium Phosphide
OTA	Over The Air
LDMOS 	Laterally-Diffused Metal-Oxide Semiconductor
PAE	Power Added Efficiency
RIB	Radiated Interface Boundary
SiGe	Silicon Germanium
TAB	Transceiver Array Boundary
NR		New Radio
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[bookmark: _Toc5697985][bookmark: _Toc9865798]5.4.1		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 are based on professor Hua Wang [310] work where a large power amplifier survey consisting of more than 27000 power amplifier data points has been collected were published in 2008. Wang’s database covers published results from year 2000 and beyond, both from the open literature, as well as commercial amplifiers from various vendors.
PA database information was summarized for all the considered RF technologies in figure 5.4.1-1. It can be observed that based on the available information, there is no data for the LDMOS technology for the 7 – 24 GHz range, while the InP technology data is available from 20 GHz upwards. Based on the information from [10], 
[image: ]
Figure 5.4.1.1-1: Saturated output power versus frequency (red box depicts 7 – 24 GHz range) [10]
In order to derive more accurate PA trends, all the figures below were plotted with PA the operating frequencies much wider then just 7 – 24 GHz range. More detailed technology-specific plots (e.g. PAE vs. Psat, or Psat vs. frequency) can be found in [10]. 
Based on the analysis of the achievable Psat trends over the 7 – 24 GHz range, the saturated output power trend values were derived in table 5.4.1-1.
Table 5.4.1-1: Trend values of the saturated output power for 7-24 GHz range, based on PA database [10]
	RF technology
	Estimated trend value of the saturated output power @7.125 GHz (dBm)
	Estimated trend value of the saturated output power @24.25GHz  (dBm)

	CMOS
	30
	26

	SiGe
	-
	29

	GaN
	58
	46

	GaAs
	45
	28

	LDMOS
	=
	=

	InP
	=
	34


 
Based on this material a more comprehensive analysis of achievable power amplifier performance has been investigated. The following analysis covers the saturated peak output power and power added efficiency (PAE). It should be noted that for all presented characteristics, 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.
[bookmark: _Toc5698004][bookmark: _Toc9865799]5.4.1.1	Saturated peak output power
 Based on material in [9] a more comprehensive analysis of achievable power amplifier performance has been investigated. In figure 5.4.1.1-1, 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 conveys the limitation due to Johnsons’ figure of merit.

[image: ]
Figure 5.4.1.1-1: Saturated output power versus frequency for LDMOS, CMOS and SiGe (red box depicts 7 – 24 GHz range) 
Figure 5.4.1.1-2 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 5.4.1.1-2: Saturated output power versus frequency for GaAs and GaN (red box depicts 7 – 24 GHz range)
[bookmark: _Toc9865800]5.4.1.2	Power added eEfficiency
In the previous section the output power capability was analyzed using published power amplifier data. In this subclause the same dataset will be used to study the efficiency of available semiconductor technologies.
Based on material in [9] a more comprehensive analysis of achievable power amplifier performance has been investigated for PAE. In figure 5.4.1.2-1 (left), a scatter diagram of peak power added efficiency as function of operating frequency for power amplifiers made using silicon transistors (i.e. LDMOS, CMOS and SiGe). In figure 5.4.1.2-1 (right) the same parameters are plotted for compound semiconductor transistors (i.e. 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: ]Figure 5.4.1.2-1: Peak power added efficiency versus frequency for LDMOS, CMOS and SiGe (red box depicts 7 – 24 GHz range)
In figure 5.4.1.2-2 the same parameters are plotted for compound semiconductor transistors (i.e. GaAs and GaN). As expected PAE 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: ]

Figure 5.4.1.2-21: Peak power added efficiency versus frequency for GaAs and GaN (red box depicts 7 – 24 GHz range)
------------------------------ End of modified section ------------------------------
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