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RCE (in dB) is similar to EVM (in %) in that it is an overall
measure of modulation quality. Depending upon the
modulation format and the error coding method used,
acceptable values of transmitter RCE range from -13 to -31 dB
(for fixed WiMAX). To understand better its effects on system-
level performance, RCE is often presented as a relative value
(average or maximum RCE) or versus subcarrier and versus
symbol. For example, displays of RCE as a function of time
are effective for troubleshooting, showing how EVM or RCE
varies throughout a DL or UL subframe. This capability of
showing RCE as a function of time is useful for evaluating
such problems as power-supply sagging, LO settling or drift,
signal clipping, or automatic-gain-control (AGC) malfunctions.
For WiMAX testing, Signature’s display screens can be color
coded to differentiate the various modulation formats that
make up a WiMAX burst signal. A display of RCE versus time
is also useful for identifying frequency drift and instances of
low-rate modulation.

With the help of Anritsu’s SignalLab application software,
Signature allows several different views of measured EVM
performance, including an EVM spectrum screen (Fig. 7) and
a view of EVM versus time (Fig. 8). In the EVM spectrum
screen, wireless OFDMA signal components are shown by
carrier number and color-coded by modulation type. As with
the spectral flatness display screen, information at the top of
the screen provides other insights into signal and modulation
quality, with measurements of frequency offset, clock jitter,
IQ offset, RSSI, and other important signal quality parameters.
EVM versus time data can also be shown as EVM versus symbol
index, providing a simple comparison of different symbols
making up the OFDMAmobile WiMAX transmission signals. 

The complementary cumulative distribution function (CCDF)
of the transmit output power is another important measurement
of WiMAX transmitter quality. Because OFDM signals tend to
exhibit high peak-to-average ratios, due to the AM of the
subcarriers, CCDF measurements can help analyze WiMAX
transmitter or power amplifier performance. 

While EVM is a direct measure of modulation accuracy and
transmitter performance, with all transmitter impairments
contained in a single number, CCDF measurements indirectly
show the probability of clipping. The peak EVM of a transmitter
may be extremely high, but only occur once in a frame. CCDF
measurements show the probability that the signal power is greater
than a given peak-to-average power ratio and provide valuable
insights into nonlinearities plaguing transmitter performance.

Signature and the SignalLab software were used to provide an
example of a CCDF measurement on OFDMAmobile WiMAX
signals. The display screen (Fig. 9) shows the trends for
different received signals plotted as dB above an average level,
allowing engineers to compare quickly the performance of a
DUT under different conditions. 

Figure 7. Error vector magnitude (EVM) is a powerful tool for evaluating the 
modulation quality of a WiMAX transmitter. Here is shown as an EVM spectrum.

Figure 8. For evaluating trends in EVM performance, this plot of EVM as a function
of time can help isolate events of interest. 

Figure 9. The CCDF plot is a versatile method of evaluating WiMAX transmitter and
power amplifier nonlinear behavior. 
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The plot of PSD is straightforward, displaying the power
spectrum of a received signal as a function of frequency
(Fig. 10), showing the amount of power per unit density of
frequency. In this case, Signature was used as a mobile
WiMAX receiver to capture and display the WiMAX burst
signal across a 5 MHz channel. The power can be examined
across the 5 MHz OFDMAmobile WiMAX channel for
unexpected variations in level at different points in the
operating channel, although the displayed signal shows well-
behaved characteristics meeting the level requirements of
IEEE 802.16e for mobile WiMAX transmitted signals. 

In contrast, a plot showing the received time of an OFDMA
mobile WiMAX signal (Fig. 11) allows engineers to examine
information like that found in the PSD plot, but in the time
domain. Using both the frequency-domain and time-domain
characteristics of signals from a WiMAX transmitter allows
investigators to isolate performance problems by comparing
information from the two domains. 

In addition to these individual plots of a mobile WiMAX
transmitter, it might be useful, for creating reports, for example,
to group performance plots together into a single view or for
better understanding the complex interactions among the
performance parameters (Fig. 12). By combining several
performance plots together, record keeping on the performance
of a design becomes greatly simplified, and allows for quick
comparison of key performance parameters over time (for
example, to compare an older design with new modifications). 

Evaluating WiMAX Receivers
For WiMAX receiver testing, a methodology similar to transmitter
testing is used, but a high-performance signal generator such
as the MG3700A is used in place of a WiMAX system’s
normal transmitter. In addition, a solution such as the MS2690A
or MS2691A Signal Analyzer with the MS2690A/MS2691A-
020 Vector Signal Generator option has the capability of
recording actual mobile WiMAX UL and DL signals and
regenerating those signals for receiver testing. 

For test purposes, the signal generator must cover a frequency
range that encompasses all the WiMAX bands of interest, along
with an output-power range that enables testing a WiMAX
device’s low-level sensitivity. Typical WiMAX receiver
measurements including testing for sensitivity, maximum input
level, adjacent-channel and alternate-channel rejection, reference
timing accuracy, and SS uplink transmit time tracking accuracy,
which is similar to reference timing accuracy in that the SS is
instructed to change timing. 

For WiMAX receiver sensitivity testing, for example, the
receiver is required to maintain a bit-error rate (BER) of 10–6
at a given sensitivity level, which ranges from –110 to –50 dBm,
depending upon bandwidth, coding, receiver quality, and
modulation format. The test is generally performed with a
calibrated RF/microwave signal generator and a BER tester
(BERT). The signal parameters are set according to the requirements of the WiMAX standard, the signal is applied to the
device under test (DUT), and the BER is measured. For convenience, the Anritsu MG3700A Vector Signal Generator has a
built-in BERT that enables WiMAX receiver testing with a single instrument, since the generator is capable of producing
WiMAX-compliant test signals. The MS2690A or MS2691A Signal Analyzer with the MS2690A/MS2691A-020 Vector
Signal Generator option also supports BER testing for standard and user-defined measurement patterns to 10 Mb/s. 

Figure 10. The power spectral density (PSD) plot shows the power spectrum of a
received WiMAX signal as a function of frequency.

Figure 11. This received time signal shows the signal power in a received mobile
WiMAX OFDMA burst, but as a function of time. 

Figure 12. Composite screens such as this can be created with the SignalLab meas-
urement application to simplify documentation and comparison of different WiMAX
performance parameters. 
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To evaluate adjacent-channel and alternate-channel (or non-adjacent-channel) rejection, often referred to as receiver
“blocking” measurements, the test signal source is again programmed for WiMAX compliant signals in terms of modulation
and other parameters, and the amplitude of the test signal is adjusted to 3 dB above the sensitivity level of the DUT according
to the WiMAX standards for the frequency band of interest. An interferer signal with OFDMA is tuned as the adjacent or non-
adjacent channel, although it is not synchronized to the first test signal. The BER specification of 10–6 must be met by the
receiver for interference levels from 4 to 30 dB above the level of the test signal. The signal classes defined for this test
include signals with 16-QAM with 3/4 coding and signals with 64-QAM with 2/3 coding, although the other signal classes
(BPSK and QPSK) are not defined in the WiMAX standards. 

For determining the maximum input level of a mobile WiMAX receiver, the test generator is again set for the proper WiMAX
signal parameters in terms of modulation, frequency, and level. The receiver of the DUT must work properly with input levels
as high as –30 dBm (at a BER specification of 10–6), and must withstand a signal level as high as 0 dBm without damage. 

For WiMAX reference timing measurements, the IEEE 802.16e-2005 standard documentation states that “The start of the
preamble symbol shall be time aligned with the 1-pps timing pulse” (Section 8.4.12.4). In a WiMAX system, the timing pulse
is used for network synchronization and is optional. The standard suggests the use of a 1-pps signal from a Global Positioning
System (GPS) receiver, although this is also not required for a WiMAX system or test. Tolerances or test methods are not
included in the standard for WiMAX reference timing measurements, although the measurements can be performed with a
high-performance signal analyzer such as Signature or with a microwave spectrum analyzer, if a 1-pps signal is available for
use as a trigger and the analyzer is set up for a zero-span display. A mobile unit for test such as a WiMAX SS must be
synchronized as well with a trigger output from a high-performance signal generator such as the Anritsu MG3700A or some
other 1-pps source. 

Sizing Up The Results
Even the best measurement capability is meaningless without the ability to interpret the test results. Because of the
complexity of IEEE 802.16e-2005 OFDMA signals, and the need for accurate digital demodulation in order to perform many
of the mobile WiMAX transmitter measurements, it is easy to miss a problem or misinterpret test results. Incorrectly defined
data bursts, for example, can cause demodulation during the test process to fail. As a result, attention to detail and sound
measurement practices should always be exercised for maximum accuracy in WiMAX measurements. 

Some WiMAX measurements, including tests of power and coarse frequency, can be performed with a conventional spectrum
analyzer with the proper frequency span and resolution-bandwidth filters. More accurate measurements, however, generally
require the ability to time-gate a measurement by means of a trigger, as in an oscilloscope. Modern wideband signal
analyzers, such as the Anritsu Signature, provide the capability of triggering on burst waveforms and displaying results in
statistical form or useful graphical formats, such as spectrograms and CCDF displays. 

Measuring time-gated signals demands proper coordination of time-domain and frequency-domain measurements. For
example, by verifying time-domain parameters through time-domain measurements, the information can be then used to
create accurate triggers and gating windows for frequency-domain measurements of time-sequenced signals. 

To analyze signal frames or bursts, specific portions of a signal must be measured using triggers and positive or negative
trigger delays, much in the manner of setting a digital storage oscilloscope. Either an external frame trigger can be used for
these measurements, or a trigger can be formed by sampling the input signal under test. Because WiMAX OFDMA signals
are characterized by wide amplitude variations, those changes in signal level can cause false triggers when trying to measure a
WiMAX burst signal. For this reason, trigger holdoff is a parameter that must be understood and properly applied to avoid
false triggering on both fixed and mobile WiMAX signals. In addition, for signals comprised of different bursts, such as UL
and DL bursts, a combination of trigger holdoff and IF triggering helps to select a practical trigger point for an RF burst
signal. The latest software version for the Signature High Performance Signal Analyzer supports dual-level triggering, which
can greatly assist in the analysis of both fixed and mobile WiMAX signals.



13

Both fixed WiMAX (IEEE 802.16-2004) and mobile WiMAX
(IEEE 802.16e-2005) are sophisticated communications
formats. Both use advanced modulation and timing techniques
to minimize the effects of multipath in large metropolitan
areas, breaking transmissions into signal bursts that must be
evaluated to ascertain the “health” of a WiMAX system and its
components. The Anritsu Signatures unique dual-level
triggering eases capturing bursted signals with modulation, as
found in WiMAX” (See figure 13).

Fortunately, high-performance measurement tools such as the
Signature High Performance Signal Analyzer, the
MS2690A/MS2691A Signal Analyzers, and the MG3700A
Vector Signal Generator from Anritsu Company provide the
performance levels and built-in measurement capabilities to
complete the complex measurements needed to evaluate
mobile and fixed WiMAX transmitters and receivers
worldwide. 

Figure 13. The Anritsu Signatures unique dual-level triggering eases capturing burst-
ed signals with modulation, as found in WiMAX

Glossary of Terms
AAS Adaptive Antenna System
BS Base Station
CCDF Cumulative Complementary Distribution Function
DL Downlink (from the BS to the SS)
FCH Frame Control Header (the header within a WiMAX frame)
FFT Fast Fourier Transform (for conversion between time and frequency domains)
FUSC Full Usage of Subchannels
ICI Inter-Carrier Interference
ISI Inter-Symbol Interference
MAC Media Access Control layer of a wireless communications system
MAN Metropolitan Area Network
MIMO Multiple Input Multiple Output (system approach for improved performance using multiple transmit and

receive antennas)
MS Mobile Station
OFDM Orthogonal Frequency Division Multiplexing
OFDMA Orthogonal Frequency Division Multiple Access
PHY Physical layer of a wireless communications system
PUSC Partial Usage of Subchannels
RCE Relative Constellation Error
RCT Radio Conformance Test
RTG Receive Transmission Gap (gap between UL and subsequent DL burst)
SC Single Carrier
Slot Minimum possible data allocation unit for OFDMA PHY
SS Subscriber Station (often a portable unit in a mobile WiMAX system)
TTG Transmit Transition Gap (gap between the DL and subsequent UL burst)
WiMAX Worldwide Interoperability for Microwave Access
3GPP Third-General Partnership Program
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SIDEBARS FOR WiMAX APPLICATION NOTE

Making the Most of MIMO
Multiple Input Multiple Output (MIMO) and antenna diversity techniques are options to the IEEE 802.16e-2005 mobile
WiMAX standard meant to help combat the effects of multipath distortion in wireless metropolitan area network (MAN)
environments. MIMO was established in IEEE 802.11n, 802.16-2004 and 802.16e as well as in 3GPP to minimize the effects
of signal fading and multipath distortion on wireless system performance.  The MMO function can also be used to increase
capacity without increasing bandwidth.

MIMO systems create multiple signal links on the same frequency. The concept of diversity is simple: if one signal path is
corrupted, another can be used to “deliver the data.” One of the challenges in a MIMO system, especially one based on small,
portable wireless devices, is the proper separation and equalization of the signal paths. In a MIMO system, the number of
antennas can be increased to boost capacity, increase system robustness, or a combination of the two. Antennas can be added
at either the transmit side or the receive side, or both. For example, a 2 x 1 MIMO system has two input antennas (receiver
side) and one output antenna (transmit side). 

Transmission of multiple data streams over more than one antenna is called spatial multiplexing. Spatial multiplexing
provides a near-linear gain in capacity in relation to the number of transmit/receive antennas. Spatial multiplexing can provide
higher capacity, but no better signal quality. Instead of improving signal quality, spatial multiplexing decreases it. Spatial
diversity can improve signal quality and achieve a higher SNR at the receiver. The larger the network environment, the higher
the signal strength must be. 

Spatial diversity depends upon structured redundancy. The redundancy can be transmitted at any time, from any antenna, at any
frequency. The two kinds of spatial diversity are transmit diversity and receive diversity. The former uses multiple transmit antennas
to send signals to a single receive antenna; the latter uses a single transmit antenna to send signals to multiple receive antennas. 

For effective MIMO implementation, antenna arrays are often used with beam forming techniques to create and control the
composite radiation pattern. Smart antennas fall into two groups: phased-array and adaptive-array systems. The first can only
switch from a finite number of patterns while the second can create an infinite number of patterns that can be selected
according to the dynamic needs of the network. An adaptive array is particularly useful for the dynamic adjustments needed
with a mobile WiMAX subscriber moving in reference to the base station. 

Teamed with OFDM and OFDMAmodulation formats, MIMO can provide tremendous resistance to multipath and
propagation fading effects. MIMO is used in fixed WiMAX 802.16-2004 (with OFDM/OFDMA) and mobile WiMAX
802.16e-2005 (with OFDMA) as well as in IEEE 802.11n WLAN systems and 3GPP Release 7 and 3GPP Release 8 (LTE)
cellular networks. Of course, MIMO adds yet another dynamic parameter to mobile WiMAX systems, adding to the
challenges of developing effective test procedures for those systems and their components.  

IQproducer Directs Waveform Generation
The IQproducer software is provided as a standard feature with the MG3700A. It is a powerful application software package
designed to run on Windows 2000 and XP operating systems on a personal computer (PC). The software can be used to create
advanced waveform files that can then be transferred to the Anritsu MG3700A Vector Signal Generator or the MS2690A/91A
analyzers with vector signal generator option for testing. It requires a Pentium III or higher microprocessor running at 1 GHz
or faster and at least 10 GB of hard disk memory. 

IQproducer provides functions for setting parameters in custom-programmed waveforms, simulating the function and
appearance of a created waveform, generating files, and transferring data. The software can work with ASCII format files to
create waveform patterns for the MG3700AVector Signal Generator or the MS2690A/91A analyzers with vector signal
generator option. It can also combine waveforms, such as the desired signal and a noise signal, into a composite signal-with-
noise signal for evaluating receivers in WiMAX equipment. 

The IQproducer software supports a wide range of communications standards, with waveform parameters included in the
program. This software performs a parameter setup of waveform data and can generate an arbitrary waveform pattern file that
is downloaded to MG3700A using a local-area-network (LAN) connection or a Compact Flash (CF) memory card.

The model MX370105AMobile WiMAX IQproducer application software for the MG3700A has been developed to generate
the waveform patterns recommended by the IEEE 802.16e-2005 WiMAX standard. Using this software, even complex
OFDMA waveforms can be generated quickly and accurately. The software supports Mobile Certification Wave2 and MIMO
waveform patterns for evaluating the receiver performance of mobile WiMAX equipment. 
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Testing WiMAX Power Amplifiers
Power amplifiers for WiMAX systems must face rigorous testing similar to that of WiMAX transmitters, with additional
parameters such as peak-to-average power (crest factor) included in the mix. Power amplifier measurements include testing of
output burst power, EVM/RCE, ACPR, spectral flatness, and adjacent-channel spectral flatness. Amplifier testing requires a
high-quality signal source, such as the MG3700A Vector Signal Generator, and a wideband signal analyzer, such as the
Anritsu Signature High Performance Signal Analyzer. 

Because WiMAX signals are characterized by fast-changing amplitude behavior, they are not ideal signals for any amplifier.
With high peak-to-average power ratios (crest factors) these WiMAX signals can easily test the linearity performance of a
power amplifier. Designing an amplifier for WiMAX is very much a tradeoff between providing the highest possible linearity
but also minimizing power consumption (and optimizing efficiency). Like many engineering tradeoffs, the two parameters are
in conflict. In order to save power, some degree of amplifier compression must be tolerated. The key to design is finding an
optimum operating point that meets WiMAX transmitter requirements with relatively high efficiency. 

Evaluating WiMAX power amplifier performance requires most of the same tests used for WiMAX transmitter testing.
Because of the time-domain nature of WiMAX signals, and the dynamic amplitude behavior of the burst signals, conventional
power meters lack the response time to measure amplifier power levels accurately when operated with WiMAX signals. In
addition, measurements must be properly gated in order to measure actual power levels and not gaps between bursts. 

Comparing output burst power versus input burst power is a check of an amplifier’s linearity, especially under WiMAX signal
conditions. Under linear operation, output signals increase linearly with applied input signals. Once the input signal level
exceeds the area of linear operation, output signals begin to compress and the relationship of input increase to output increase
is no longer on a dB/dB basis. 

As noted for transmitter modulation-quality measurements, EVM is a key test for determining both transmitter and amplifier
performance. It can be used to ensure that a WiMAX receiver’s SNR does not degrade due to the transmitter’s or amplifier’s
SNR. An amplifier driven into nonlinear operation will distort an input signal, and EVM or RCE measurements can reveal
this distortion. EVM measurements make it possible to check amplifier quality with reference to the EVM results when
different modulation schemes are used. ACPR, which is the ratio of the amount of power measured in the adjacent channel to
the amount of power in the main channel, is useful for characterizing whether an amplifier’s distortion results in interference
with neighboring WiMAX channels. 

Another test that is useful for evaluating amplifier nonlinearities is CCDF. Some compression is acceptable in a WiMAX
transmit amplifier. Too much compression can degrade transmit modulation quality. Analyzing amplifier compression requires
more than a simple power measurement. A measurement of CCDF output power can show the degree of compression in an
amplifier. It can also be correlated with measured EVM results to gauge the effects of that compression on modulation quality.
When an amplifier exhibits nonlinear (compressed) behavior, pulsed or burst signals are clipped, with a reduction in the peak-
to-average power ratio performance. On a CCDF plot, the curve will shift to the left due to the effects of the compression,
providing amplifier designers with a “flag” for nonlinear amplifier behavior. 
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