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Abstract: Power consumption is a vital issue for communication systems, especially for those which powered by batteries. In

wireless communication system, the power consumption of PA (power amplifier) consumes a large portion of power compared

with another component. How to reduce the power consumption of PA is always one of the big topics in the R&D and application

of PA. Modern communication systems which have the high Peak to Average Power Ratio (PAPR). Envelope tracking tech-

nology can effectively reduce the power consumption of PA, especially for the high PAPR system. In the meantime, ET does not

affect the performance of PA and communication system. This paper introduces the principle of ET, and gives the test method of

ET performance. An ET test system has been built using R&S SMW 200A vector signal generator and FSW vector signal

analyzer. The measurement result shows 20% of power saving by the application of ET.
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1 Introduction

Power amplifiers (PAs) are vital components of
communication system. The function PA is to amplify
the amplitude of input RF signal and to improve the
performance of impedance matching. PA is the key
component of 5G, Wi-Fi, LTE and other wireless
communication systems. Fig.1 shows a scheme of a
typical wireless communication system. There are
several to dozens of PAs in one single communication
system. The performance of PA, such as operation
frequency, gain, power added efficiency (PAE), satu-
ration power, 1dB compression point and third-order
inter-modulation, directly affect the communication
performance of wireless communication system.

Power consumption is critical to communication
system, especially for those powered by battery. PAs
consume the most power of the communication system.
Therefore, PAE of PA directly affects the power effi-

ciency of the communication system. Bad PAE per-

formance of PA can reduce the standby time of system.
And generate more heat which may cause malfunction
of system, even burn down the system.

How to improve the PAE performance and reduce
the power consumption is one of the biggest issues for
the development and application of PA. Several tech-
niques have been utilized, such as envelope tracking
(ET), Digital Pre-distortion (DPD), etc. ET technology
can greatly reduce the power consumption of PA and
communication system without reducing the perfor-
mance of communication, especially for those which
has high Peak to Average Power Ratio (PAPR). This
paper introduces the principle of envelope tracking of
PA, and gives the test method of envelope tracking

performance.

2 Principle of ET

To improve the utilization of spectrum, complex
high-order modulation and multiplexing are widely

used in communication systems. However, that may
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Fig.1 Scheme of typical wireless communication system

introduce a relatively high PAPR to the output signal of
PA. In order to ensure the gain linearity of PA, it is
necessary to set the PA working in the fallback zone,
that can inevitably reduce the PAE of PA. PA with ET
capacity can adjust the power supply voltage according
to the amplitude of the input RF signal. Fig.2 shows the
principal of ET. The envelope tracking system, in-
cluding envelope detector, power modulator and power
amplifier. The envelope signal is generated as the RF
signal is detected. The envelope signal is amplified by
the power modulator and then input to the power am-
plifier as the power signal to PA. At the same time, the
envelope signal and the RF signal of the input power
amplifier must be fully synchronized and aligned. The
delay timer is adjustable according to the delay of
Envelop Detector, Power Modulator and Power Am-
plifier. Through this mechanism, the output voltage of
DC power supply is changed proportional to the am-
plitude of input RF signal simultaneously.
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Fig.2 Principal of ET

Fig.3 illustrates the comparison of PA output with
and without ET. The grey part in Fig.3 is the energy
consumed as heating, the dark part is the useful RF
signal transmitted finally. As shown in the left part of

Fig.3, which stands for PA without ET, a large portion
of energy is consumed for heating. While in the right
part which is stands for PA with ET, only a small part of
energy is consumed by heating. Obviously, the func-
tion of ET improves the energy efficiency of PAs
dramatically. With the function of ET, the higher ratio
of peak to average, the more energy can be saved for
PAs. ET is more and more popular for PA design and

application.
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Fig.3 Comparison of PA output with and without ET

3 Measuring the ET of PAs

Envelope tracking test system includes vector
signal generator, vector signal analyzer, DC power
supply and DC tropper. Depends on the structure of PA
under test, the DC tropper may be a built-in part of PA,
or it may be an independent device as part of the test
system. Fig.4 shows a typical test setup of ET. In the
test system, the vector signal analyzer and vector signal
generator shall be able to support ET testing function.
During ET testing, the signal generator transmits the
RF signal to be amplified to the input of the PA under

test, and simultaneously sends the amplitude of mod-

ulation signal (/I? +Q? ) to the DC troper. DC troper

modulates DC power to PA according to the amplitude
of modulation signal. The function of signal analyzer is
to measure the quality of modulation signal (such as
EVM, ACLR, etc.) and calculate the PEA of PA under
test. The LAN between the signal generator and signal
analyzer is to transmit the modulation signal to ensure
that the signal generator and signal analyzer process

the same modulated signal and amplitude. If the quality
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of modulated signal is not acceptable, the parameters
of ET test needs to be modified. There are three ways to
adjust DC power supply by the amplitude of modulated

signal: linear, polynomial and look-up table mode.
DC Power
Supply
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Signal Generator

Signal Aanlyzer

3
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Fig.4 ET test setup

4 Measurement Results

A power amplifier is tested by the method illu-
strated in part 3. R&S SMW 200A vector signal gene-
rator with option k-540 and FSW vector signal analyzer
with option B71 can be used. The ET test setup with
SMW200A and FSW is illustrated in Fig.5.

The vector signal generator SMW200A can pro-
vide the RF signal and envelope signal (I and Q) for PA
under test. The vector signal analyzer FSW can meas-
ure the RF signal output from PA, and the voltage and
current of the output by the DC modulator. The test
procedure and control of DC power supply manipu-
lated by SMW200A. The alignment of power envelope
signal and RF input signal of power amplifier is very
important for the ET measurement. In order to achieve
synchronization, RF signal and envelope signal must

have the common clock reference, and the vector signal

Signal Generator
R&S®SMW200A

Envelope

DC modulator

generator must have delay time calibrated. The com-
munication between the SMW200A and FSW is via
LAN. The DC modulator is controlled by SMW200A
through the interface called eTrak which standardized
by the MIPI Alliance.

There are three steps to set up the ET measure-
ment by the software run on SMW200A. The First step
is to set the voltage of envelope and DC modulator,
such as Viyax, Vum, Bias and Offset, etc. (Shown as
Fig.6); The second step is set the parameters of
envelope shaping and delay (Shown as Fig.7); The last
step is to set the shaping mode (Shown as Fig.8). The
shaping mode can be linear, look up table, polynomial
or detroughing.

In the process of ET measurement, the signal
analyzer measures the output power from the PA under
test and the input DC power to the PA. The PAE of PA
can be calculated by Formula 1.

M = Pout =P (1)
Poc

Where 7,44 is the PEA of PA, P, is the output
power of PA, Py, is the input power to PA, Ppc is the
input DC power to PA. By comparing the PEA of PA
under test with and without the ET, the performance of
ET can be evaluated.

According to the above method, the ET perfor-
mance of an amplifier has been measured. Fig.9 shows
the measurement results. The results show that the PAE
of the tested PA with ET is improved by nearly 20%
compared with that without ET. In the meantime, the
signal quality of PA is not be deteriorated, such as
EVM, AM/AM and AM/PM.
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Fig.5
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ET measurement with SMW200A and FSW
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Fig.6 Voltage Setting for ET measurement

Envelope to RF Delay

230,00 ns Calculate Envelope from Predistorted Signal D

Shaping

A
- emoonet °

Min =-1 000 ns
Max=1 000 ns

7 @

Fig.7 Setup for Envelope Delay

o e

Shaping

Linear (Voltage)'

Graphic Configuration

Scale

-l 0 01 02 03 04 05 06 07 08 09 [ 11
Voltage Vin/ VinMax

Fig.8 Setup for Shaping



70 XING Rongxin et al: Envelop Tracking and Measurement

Time Domain

B
377 1

Channel 1 {1 Input)
24 6

&

[

Power Added Efficiency (PaE)
1

g 05

4T 45 43

normolired

2T/ ATAEAAN1 A T 5 3 -
ot Level [dBm]
# RF Moded Poiy Ideal Amp

Fig.9 ET measurement results

5 Conclusion

ET technology is very effective to improve the PAE
of PA, especially for those working in the high PAPR
conditions. In this paper, the principle of ET technology
is given, and the ET measurement system is designed
based on R&S SMW200A vector signal generator and
SMW vector signal analyzer. The measurement results
show that the PAE of the PA with ET is improved by
nearly 20% compared with that without ET.
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