Application Note

Conducting Gain Compression
Measurements Utilizing Peak
Power Sensors

Today’s communication air interface standards – for example 5G, CDMA, 802.11ax, 802.16, DOCSIS
3.x, DVB-T2, and ATSC 3 – incorporate complex communication signals such as high order QAM (512,
1024) and orthogonal frequency-division multiplexing (OFDM) to efficiently transmit information.
Even today’s satellite communication systems have gone from quadrature phase shift keying (QPSK)
signals to relatively complex multilevel (or higher-order) phase shift keying (8PSK) signals and their
variants. The signal complexity increases when systems employ multiple carriers in comparison to a
single carrier.
While complex communication signals can transmit information very efficiently, they exhibit large and
random amplitude and power variations. For instance, an OFDM signal consists of tens to hundreds of
carriers, with each having different phase and amplitude during any one symbol period depending on
the modulation scheme they support. Since each carrier transmits symbols in synchronous with other
carriers, instantaneous signal power from all the carriers can add constructively or destructively.
Hence, power of a complex signal (such as OFDM signal) vary greatly. The commonly used term for
describing the wide signal power variation of complex signals is peak to average power ratio (PAPR).
Another commonly used term to describe the signal power variation is crest factor.
These complex signals are also not very tolerant to nonlinear distortion that inevitably occurs while
they are processed by communication subsystems such as power amplifiers, frequency up/downconverters, etc. In order to minimize distortion, devices and subsystems have to be operated close to
the linear region. This implies that devices have to be operated at much lower average output power
levels to minimize nonlinear effects at peaks of complex signals. To minimize the impact on the design
and production of today’s communication systems, it is imperative that robust measurement methods
be used to help characterize and quantify the effect these nonlinearities will have on complex signals.
These methods would go a long way in identifying the highest possible average output power levels at
acceptable levels of distortion due to nonlinearity.

Power Envelope of Complex Signals
Instantaneous power variation of a complex modulation
signal (such as OFDM) is neither periodic nor
deterministic because of the randomness in symbols that
modulate the carriers. This becomes clear from a time
domain representation of an OFDM signal as shown in
Figure 1. Using this format, it is difficult to extract any
useful information that would help characterize the
signal being represented. All that can be said is that
signal power peaks are several dBs above the average
power, but nothing further with regards to frequency of
peak occurrences.
In order to extract more useful information from an
OFDM signal, a statistical description of it must be used.
A suitable statistical description would be something that
shows percentage of time signal spends at any given
power level. Such a description is called a complementary
cumulative distribution function (CCDF) curve and is
shown in the Figure 2. It is a plot of curve that shows the
probability that the signal would be at any given power
level in relation to its average power. The horizontal axis
is the level of the signal in dB above average power and
the vertical axis is percentage of time signal resides at
that signal level.
CCDF curves also provide information about peak-toaverage power ratio (PAPR) of the complex modulated
signals. In Figure 2, the CCDF curve for a 64 QAM signal
(blue) shows that it spends no time at a peak to average
ratio above 3.6 dB. Hence, the PAPR of the 64 QAM
signal shown is 3.6 dB. The CCDF curve for an OFDM
signal (red) shows that it spends less than 0.01% of time
at a peak to average ratio above 9.4 dB. Therefore, the
PAPR of the OFDM signal shown is 9.4 dB. In general, the
PAPR of OFDM is amongst the largest of all the complex
modulation signals employed in modern communication
systems, and it is of the order of 12 to 16 dB depending
on number of carriers and type of modulation on those
carriers.

Figure 1. Time domain representation of
an OFDM signal

Figure 2. Simulated CCDF curves for a
64 QAM and OFDM signal

Measuring Nonlinearity
Some of the most commonly used measurement methods to characterize nonlinearity of an RF device
or subsystem are:
1. 1 dB gain compression point (P1dB) using a single carrier
2. Second and Third order intermodulation point (IP2, IP3) using two closely spaced carriers
3. Noise power ratio (NPR) using a Gaussian noise source
The first two methods have severe limitations. For one, they do not directly quantify the impact of
nonlinear distortion on any modulated signal at a given output power level of a device or subsystem.
Second, they are not suited to characterize the effect of nonlinearity on complex multi-carrier signals
such as OFDM or higher order QAM modulated signals whose signal power is statistical in nature.
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The noise power ratio method overcomes these limitations by simulating a multicarrier with a bandlimited Gaussian noise signal. This method has been in existence for a long time and was
predominantly used to measure nonlinear distortions in frequency-division multiple access (FDMA)
systems. A notch is placed at the center of the band-limited Gaussian noise signal and the signal is
applied at the input of the device under measurement. The intermodulation products caused due to
nonlinearity in the device under measurement fill up the notch when measured at the output of the
device. The ratio of noise power outside the notch to that within is an indirect indication of the
nonlinearity impact on a multicarrier signal.
However, the NPR measurement is limited by two factors. First, the depth of the notch in the center of
the band-limited Gaussian signal itself becomes a hard measurement limit. Second is the possibility of
the notch being filled up by intermodulation products generated by the measuring device, such as a
spectrum analyzer. A spectrum analyzer’s mixer and IF amplifiers can generate intermodulation
products and add to the fill within the notch. An NPR measurement setup requires an expensive
spectrum analyzer. The placement of a high-quality notch at the center of the band-limited Gaussian
signal requires a vector signal generator, which is another very expensive piece of equipment.
An alternative method to characterizing the impact of device nonlinearity on complex signals is to
establish 1 dB compression point (P1dB) by measuring and comparing the CCDF curve of a bandlimited Gaussian noise signal power at the input and output of the device under test (DUT)
simultaneously. A band-limited Gaussian noise signal has very similar characteristics to a complex
multicarrier signal, such as OFDM or high-order QAM. The band-limited Gaussian signal can simply be
pulse modulated to facilitate measurement by a pulse or peak power sensor, such as the Anritsu
MA244xxA peak power sensor. Alternatively, it can use amplitude or I/Q modulation on a carrier at a
desired frequency of characterization. This method establishes the P1dB point using a signal with PAPR
similar to the ones used in today’s communication systems rather than a pure unmodulated
carrier signal.

Gain Compression Test Setup
A setup to measure and establish P1dB point of a DUT based on CCDF curves is suggested in Figure 3.
A pulse-modulated, band-limited Gaussian noise source is a good representation of a signal with
complex modulation, such as OFDM. Alternatively, a microwave signal generator, such as the Anritsu
MG369xC signal generator, that can AM modulate a carrier with band-limited Gaussian noise source
can be another good choice. The Anritsu MG369xC features a built-in Gaussian noise source with 1MHz
bandwidth that makes it very convenient to make this measurement. CCDF curves are measured and
compared with a pulse/peak power sensors, such as the MA244xxA. The MA244xxA USB pulse/peak
power sensor has a complementary GUI that runs on a PC/laptop to specifically make measurements
of CCDF curves a breeze. The entire setup avoids use of very expensive test equipment such as a
vector signal generator or a high-quality spectrum analyzer as is needed for a NPR measurement.

Figure 3. Test setup
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The measurement consists of two steps:
1. First, an input power level of the band-limited Gaussian noise signal is established that is
somewhere in the linear region of the DUT. This can be easily accomplished by measuring and
comparing CCDF curves of Gaussian noise signal using MA244xxA USB peak/pulse power
sensors at the input and output of DUT. The CCDF curve at the output of DUT should be
essentially identical to the one at the input. If not, the input power level of the Gaussian noise
signal should be reduced by several dBs until both become identical. A commonly used
reference point to compare the two CCDF curves is power level with a 0.01% probability.
Figure 4 shows CCDF curves as measured by MA244xxA pulse power sensors at the input and
output of a DUT. The measurement uses a pulsed, band-limited Gaussian noise source. Initial
average input power level in the linear region is at -13.2 dBm while the output average power
level is -1.591 dBm, indicating a gain of 11.6 dB. The statistical measurement made by two
MA244xxA power sensors shows almost the same peak power level above average at input and
output of the DUT at 0.01% probability. The two CCDF curves almost overlap each other and the
crest factors are almost the same.

Figure 4. Input and output CCDF in linear region
2. The input level is then increased in small increments of 0.5 dB or 1 dB until the power level
at 0.01% probability in the CCDF curves at input and output differ by 1 dB. This is the P1 dB gain
compression point.
Figure 5 shows the CCDF curves measured by the MA244xxA pulse power sensors at a higher
input power level beyond P1 dB gain compression point. The average input power level in to the
DUT has been increased to -5.62 dBm while the output average power level is 5.36 dBm,
indicating a gain of 11 dB. Hence the average power level measurements indicate a gain
compression of 0.6 dB. However, the CCDF curves at the input and output now differ
significantly. The statistical measurement of the power level above average, made by two
MA244xxAs at input and output of DUT with 0.01% probability, now differ by 2.1 dB (7.4 dB –
5.3 dB) The DUT is already compressing the peaks much more than the average power levels.

Figure 5. Input and output CCDF in nonlinear region
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Conclusion
The CCDF curves approach to measuring a P1 dB compression point has significant advantages when
compared to more traditional methods:
1. The CCDF measurement method uses signals with similar characteristics to the ones used in
today’s communication systems. In contrast, traditional methods use single- and two-tone
signals, which are not good representations of signals with complex modulation such as OFDM.
2. The CCDF approach utilizes low-cost noise sources and wideband USB peak power sensors.
Measurement setups for other traditional approaches require expensive test equipment, such
as spectrum analyzers or vector signal generators, which can be many multiples of the price of a
USB sensor.
3. USB power sensors are much more accurate in making power measurement than spectrum
analyzer.
In summary, the CCDF approach provides a more accurate measurement using signals that are similar
to those used in today’s communication systems, all at a lower cost.
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