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THE TOP 6
CHALLENGES

for Signal Generators

Handling LTE,
Wi-H, and 5G

FOR SIGNAL GENERATORS, the latest wireless standards and
technologies are once again demanding performance that is
beyond the capability of standard instruments. For research and
development (R&D), design verification testing (DVT), and
manufacturing automation, for example, the latest standards
features are requiring test-and-measurement instrument design-
ers to dramatically increase modularity and bandwidth. Here are
discussions of the six top challenges of wireless signal generation
and how the latest signal generators are stepping up.

1. We need more bandwidth. In the mid-2000s, the band-
width expectation was pushing the boundary with UMTS at
5 MHz. Only a decade later, the demands for LTE and IEEE
802.11ac leapt forward with requirements to 100 and 160 MHz,
respectively (Figs. I and 2). As bandwidth climbed as a function
of data demand on mobile devices, test-and-measurement com-
panies began providing pre-release instruments until standard
signal generators capable of those bandwidths were available—
which was sometimes over a year. With 5G knocking on the
door, there is again a significant demand for
signal generators to exceed the bandwidths

for current and later wireless standards. 20 MHz AV VAV TV VT VTV VT
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With the onrushing bandwidth, frequency,
and configurability demands, the next
generation of signal generators is pushing
the boundaries to cope with the data-
driven LTE,Wi-Fi, and 5G standards.

highest-end signal generators will need to reach higher frequen-
cies into the millimeter-wave bands, have multi-channel capa-
bilities for MIMO/beamforming applications, and advanced
channel emulation for determining receiver performance in
repeatable ‘real-world’ conditions”

A challenge with cranking up the bandwidth of signal genera-
tors is maintaining a flat frequency and phase response across
the bandwidth. Maintaining solid frequency and phase perfor-
mance goes hand in hand with providing the ability to modulate
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1. Thanks to carrier aggregation from the LTE-A standard, up to five

20-MHz carriers can be combined to generate an effective 100 MHz of
bandwidth.
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the latest wireless standards. Often, those
standards have extremely narrow channel
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spacing and are susceptible to frequency and [
phase variations. For receiver testing, a sig-

nal generator also must maintain a very low %ﬂtﬁ:r
noise floor and good voltage standing wave

ratio (VSWR) in order to ensure accurate

power of the applied signal. Thus, additional

dimensions impact whether an instrument

performs adequately over such a wide—and
growing—bandwidth requirement.

2. Digital pre-distortion and envelope Macro
tracking require even more bandwidth. (5,2 5GH2
Another consideration is the need for signal Kilometers
generators to implement power-amplifier
(PA) efficiency-enhancing techniques. To
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reduce spurious emissions and reach greater 3. For short-range telecommunications, the latest 5G standard may operate deep into micro-

linear PA response, methods like digital pre- wave frequencies with bandwidths ranging from hundreds of megahertz to 1 GHz.

distortion (DPD) are used. They correct for

signal distortion at the output of the PA. Envelope-tracking (ET)
techniques are often used in conjunction with DPD, raising the
PAs overall efficiency at the expense of increased complexity.
Applying these techniques requires waveforms to be generated
beyond the wireless standards’ bandwidth in order to use the full
bandwidth of the standard.

“Having 100 to 160 MHz of bandwidth from the signal gen-
erator to test a mobile device has become fairly standard, though
testing PAs is actually still a challenge,” said David Hall, market-
ing manager for National Instruments. “For example, many
Wi-Fi PAs are now designed for use with DPD algorithms. Asa
result, in the IEEE 802.11ac case, the signal generator is required
to supply a signal bandwidth that is higher than the 160-MHz
channel bandwidth. In many cases, it is desirable for the signal
generator to supply 2x to 3x the bandwidth of the channel—
which is nearly 500 MHz in this case”

The large amount of bandwidth required to generate these
signals is derived from the DPD and ET signals’ need to include
control of the modulated signal—control that will be achieved
based upon distortion characteristics and the RF magnitude
of the output signal. For ET and DPD, a lookup table (LUT) of
finite correction factors is used. This approach induces clipping
at the lower boundaries that are acceptable in the LUT.

With significantly enlarged bandwidths, however, very pre-
cise time resolution is required to successfully implement these
techniques. Often, designers must reduce the practical band-
width of their tests to accommodate the limits of modern signal
generators. This limitation may prevent these techniques from
being viable for the highest bandwidths of IEEE 802.11ac and
5G until the signal generators performance can catch up.

3. Carrier aggregation, MIMO, and 5G require diver-

the maximum bandwidth of an LTE channel. Using antenna
diversity to increase data rate (such as with MIMO technology)
requires modulated signals to be sent with a sophisticated layer
of digital signal processing (DSP) over multiple antennas. Both
of these techniques require multiple wide-bandwidth signal
generators to transmit synchronized modulated signals. Under-
standably, the complexity and cost of synchronizing enough
signal generators to realize a compound CA and MIMO system
would scale with the number of carriers and antennas.
“Channel-to-channel synchronization and pure cost are some
of the biggest challenges regarding MIMO testing,” noted Hall.
“In order to test receiver performance under true MIMO condi-
tions, engineers must be able to provide a multichannel stimulus
to the DUT. Typically, this stimulus comes from multiple signal
generators and requires clock signals like the local-oscillator
(LO) and reference clocks to be shared.” Traditionally, this type
of testing would require large numbers of costly rack-mount

Shared 10-MHz reference clock
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4. Any synchronization mismatch in the reference between a signal

both multi-standard radios and a variety 2. It's possible to implement 5-GHz WiFi with as much as 160-MHz effective bandwidth, which is sity and synchronization. Carrier aggregation (CA) requires  generator and a signal analyzer could induce significant errors in the

of interference signals” He added, “The either contiguous or noncontiguous. (Courtesy of National Instruments) that modulated signals be provided at various frequencies at  test results for AM-AM/PM and memory effects.
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equipment, which would not be feasible for higher-order and ~ LOs and clock signals would be significant. However, signal

massive MIMO technologies as they scale.

generators designed on extremely integrated and modular plat-

Modular instruments packed with many multichannel sig-  forms may be the only recourse, considering that 5G could reside

nal generators can effectively tackle some of the latest wireless  in the upper microwave bands and use advanced beamforming

standard challenges. However, introducing 5G and other future  techniques with active electronically steered arrays (AESAs) of

applications—such as massive MIMO—may require hundreds  antennas (Fig. 3).
of channels. The coherency challenges of synchronizing so many
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4. Wireless test requires generator and analyzer synchroni-

zation. In the testing of wireless devices,
many instruments are used to measure
the behavior of a passive or active com-
ponent. Signal generators come into play
when those components need to be test-
ed using “real-world” signals. In contrast,
signal/spectrum analyzers are used to
measure component response (Fig. 4).
Naturally, these instruments require syn-
chronization. For the latest modulation
techniques, they also may need to coor-
dinate their operation. For automated
manufacturing test, this process needs to
be performed rapidly.

“With a signal generator and signal/
spectrum analyzer integrated into the
same instrument, functionality opens up
to test both the receiver and transmitter
at the same time,” said Becker. “Such an
instrument enables new tests like ping-
ponging and pipelining as well as sys-
tem calibration—including the effects of
the test fixture” With built-in automatic
feedback, an integrated signal-genera-
tor-signal/spectrum analyzer is able to
rapidly complete test routines and sys-
tem calibrations while providing higher
performance, thanks to the enhanced
synchronization.

5. Theoretical and proprietary research
requires flexibility. With wireless stan-
dards constantly evolving, a signal gen-
erator may quickly become obsolete
as wireless standards incorporate new
techniques and modes. In many research
environments, multiple wireless stan-
dards may be of interest as well. Still, the
cost of purchasing several instruments
just to provide experimental justifica-
tion for a wireless standard may not be
in the budget. The customization of
software-based signal-generator plat-
forms may enable users to program
their own waveform techniques. Yet self-
creating and maintaining in-house
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software for the latest standards can be time-consuming and
resource-intensive. Many of the latest test instruments mitigate
some of this challenge by building in the latest wireless stan-
dards, which can then be accessed using a simple soft-key.

“For signal generators not to be a limiting factor in wireless
testing, they will need to become more flexible, as new and
unforeseen needs will come along with future standards,” noted

Becker. “Field upgradability is also important alongside software
with standards-compliant applications and the ability to custom-
generate proprietary formats in the research phase”

While the performance specifications of modern signal gen-
erators remain critical, wireless testing has become so complex
that raw performance is on par with the instrument’s software
features and configurability. To tackle the need for on-demand
upgrades with the latest wireless stan-
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dards, many test-and-measurement
companies are including the ability to
upgrade an instrument to the latest stan-
dards installments with a simple down-
loadable program or remote connection.

6. CPUs go out of style. Hardware
obsolescence is one of the greatest chal-
lenges faced by equipment users in any
technology field. Obviously, obsoles-
cence makes maintaining precision test
equipment difficult. It also means engi-
neers must settle for using less optimal
instruments for longer periods of time.
In R&D and automated manufacturing
test, this factor can increase costs and
time for both developing and produc-
ing devices. With signal generators
for wireless test in particular, the latest
modulation techniques and waveforms
could require more significant compu-
tation and DSP performance, which is
often well beyond what present central
processing units (CPUs) and field-
programmable gate arrays (FPGAs) can
handle. Modular and software-based
instruments offer a partial solution to
preventing an accumulation of costs
and outdated equipment. Compared to
traditional benchtop instruments, they
often have components that can be more
cheaply and rapidly replaced.

A significant drawback of many prior
big-box instruments was that custom
designs incorporated the CPU. This pre-
vented upgrades and relegated an instru-
ment to being obsolete in a few years.
According to Hall, “Many engineers
using PXI instruments in an automated
wireless-test application can improve test
time simply by upgrading the PXI con-
troller. Because CPUs generally improve
by 20% to 25% on an annual basis, main-
taining the latest CPU is a great way to

optimize measurement speed.” i
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