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5G operators are facing two significant optimization
challenges: bandwidth and propagation. If these
challenges are looked at separately, the preferences
for 5G frequencies can vary. Additionally, while 5G is
an evolution of the cellular tfechnology from 4G, 3.5
GHz is a new and additional frequency band upon
which the 5G systems can operate.

To gain a clearer picture of 5G Network coverage
and the importance of MIMO (Multiple-Input and Mul-
tiple-Output) and the 3.5 GHz frequency, we reached
out to a panel of experts. Our respondents provided
us with in-depth and insightful information on how
frequencies and frameworks will impact 5G propa-
gation and bandwidth, and what solutions and new
strategies are emerging.
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Our 5G Coverage panel includes
Chuck Powell, Product Director for Base
Station Antennas, North America at
Radio Frequency Systems (RFS), Amr
Elgazzar CEO at Consultix, Greg Dial,
Senior Vice President for Product and
Marketing Strategy at JMA Wireless, and
Roger Nichols, 5G Program Manager at
Keysight Technologies.
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How new 5G bands differ from
traditional bands in terms of
propagation?

It is well known that 5G and frequency bands are in-
dependent. That means that for 5G providers, the first
priority is providing enough dedicated bandwidth to
achieve optimal speeds for as many users as possible.
One solution is to use large blocks of milimeter wave
spectrum, which is ideal for supporting huge band-
widths and fast data-streams. Of course, choosing this
option comes at the expense of propagation becau-
se millimeter-wave networks will likely be set up with a
typical cell size of 200m.

As Chuck Powell, Product Director for Base Stations
Antennas North American at RFS explains, “In dense
urban environments it is feasible fo have enough
users in a 200m cell to justify the number of antennas
necessary to provide consistent coverage across the
city, but the usefulness of millimeter waves drops as
the population density falls.”

Another challenge involves rural areas, although they
don’t have as many users. As Powell points out, the
lower frequencies, like 600 MHz, have a cell radius

of 20 miles to but not enough bandwidth to support
many users at high data rates.

“600 MHz ideal for coverage in rural areas,” he says,
“but a middle option is still needed for capacity out-
side of highly populated cities.”

The solution? A mid-band frequency can balance
the two priorities by having sufficient bandwidth for
multfiple users while still having a reasonably large cell
size 1o keep deployments costs economically viable.
“The other advantage of the mid-band is that it is
greenfield-spectrum. New to cellular and thus does

not require operators to refarm existing 4G spectrum
to get a 5G system up and running,” adds Roger
Nichols.

Greg Dial, Senior Vice President Product Marketing

at JMA Wireless, adds that some of the newly avai-
lable bands available for 5G already offer unique
bandwidth sizes and propagation characteristics

not seen in the bands available during the 4G LTE
evolution over the past decade. Additionally, these
new bands provide better penetration in most FR1
frequencies and pass through objects such as foliage,
while FR2 frequencies tend to be more affected by
these materials which can make coverage prediction
more difficult.

"Bands are categorized into two segments, FR1 at
lower than 6 GHz and FR2, which covers today’s
mmWave frequencies,” he explains. “Low frequen-
cies at high power can coverage multiple miles and
penetrate structures very well. The higher those fre-
guencies go, the less that tfravel and the less they pe-
netrate. The flipside is of course that they carry much
more bandwidth in the process. We generally think
of mid band as less than one mile and mmWaves in
terms of 100s of feet.” Mid band options are ideal for
centralized areas that might be a litfle more spread
out but need significant capacity. They are also ideal
for supporting indoor capacity.

“Ultimately networks will entirely migrate from 4G to
5G in all available frequency bands and will use tools
like dynamic spectrum sharing, or DSS, as ways to
bridge the migration,” he concludes.

Discussion Panel Expert: JMA Wireless

age and high-speed mobile data.

JMA Wireless is a global leader in mobile wireless connectivity so-
lutions including outdoor and indoor distriouted antenna systems.
Wireless solutions from JMA Wireless ensure reliable infrastructure
that maximizes wireless performance and streamlines service
operations. With a broad portfolio of powerful and patented
innovations, JMA Wireless solutions are proven to lower operation ) E
cost and ensure unparalleled performance and quality for cover- . '
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Why is 3.5 GHz a core candidate
for 5G?

While 5G is an evolution of the cellular technology
standard that offers some critical additional features
over 4G, 3.5 GHz is newly added for 5G and is com-
mon across many countries. Additionally, frequencies
can vary from country to country, depending on
regional restrictions. As stated above, within this chal-
lenging landscape, 5G network providers are looking
for a balance between capacity and coverage. For
Powell, 3.5 GHz is one frequency that can be descri-
bed as a Goldilocks solution because it has “just right,
the balance between capacity and coverage.”

For Amr Elgazzar CEO at Consultix, another reason 3.5
GHz is a core-can-didate is reasonable propagation.
“The reasonable propagation characteristics of 3.5
GHz implies relia-ble coverage,” he says. “This
capability is important to provide connectivity for loT
devices and critical communications (that require
99.999% reliability) and applications such as remote
conftrol, automotive or smart manufacturing.”

Other benefits of 3.5 GHz, according to Elgazzar, are
higher band capacity and excellent penetration
characteristics.

“The band capacity can be considerably higher
than those of low GHz bands as it allows using
massive MIMO antennas at a practical size,” he says.
*Whi-le the fairly good penetration characteristics of
this band in buildings make it excellent for
broadband communication for both worlds, 4G and
5G."

“"Network deployment can be considerably fast due
to its propagation characteristics which open the
door to reuse the installed base of macro sites that
serve sub-3 GHz bands,” he concludes.

Discussion Panel Expert:

“Frequencies will ultimately be selected for various
5G applications based on availability, bandwidth
size, and propagation characteristics,” says Dial. *
The 3.5 GHz spectrum’s relatively wide continuous
bandwidth, mid-range propagation distance, and
reasonable building penetration make it a good can-
didate for 5G urban and sub-urban small cell type
applications that require high speed, high throug-
hput, high density, and low latency.”

"3.5 GHz is the frequency closest to the majority of
recent "mid-band” allocations for mobile wireless
around the world,” adds Roger Nichols,5G Program
Manager, Keysight Technologies. “This band has
enough harmonization in major countries around
the world to allow for the economy of scale for radio
technology investment.”

“While this is not the only new band set aside for 5G,
it is one of the most pervasive worldwide—being
common to many large modern nations,” he says.
"The addition of NR (New Radio) services to existing
LTE bands comes with many challenges that impact
spectral efficiency and thus the capacity for the
mobile network operators. Given the value of these
bands and their LTE-based revenues, transitions are
challenging, and opening new 5G services in a spec-
frum that is unencumbered with legacy technology
means an opportunity for a more graceful fransition.”

Keysight Technologies is a leading provider of RF test and

measurement equipment. From parametric test of semicon-
ductor wafers to functional and production test of PCBs to
the final test of computer systems, Keysight products help

KEYSIGHT

TECHNOLOGIES

engineers achieve the best performance possible. Keysight
can also help designers of high-speed digital devices achieve
cutting-edge performance while verifying compliance and

intferoperability with industry standards.
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How is Massive MIMO different
than current 2x2 or 4x4 MIMO,
and why will it aid in 5G cover-
age?

Massive MIMO uses constructive and destructive
interference in the channel and many more anten-
nas at the base station to isolate user-specific radio
signals to the physical location of the user. According
to Nichols, because of propagation and physical
antenna-design and transmitter-design constraints,
the uplink performance (mobile-to-base station) at
3.5GHz is far worse than the downlink performance.
This is a problem because many new use-models for
5G mean higher demand for data rates in uplink than
in the downlink. As a result, massive MIMO was initially
conceived as a way to improve capacity by allowing
for spatial multiplexing—even to the extent of using
the same time/frequency resource blocks for different
users in the same cell.

*Massive MIMO is seen as being essential not just for
better spectral efficiency, but also to making 3.5 GHz
systems work in practical production networks,” says
Nichols.

Dial agrees, saying, ““"Massive MIMO improves spec-
tral efficiency and provides a significant capacity be-
nefit over 2X2 or 4X4 MIMO, not a coverage benefit.”

*While massive MIMO is technically possible at all
frequencies, the antenna array size required at lower
frequency bands makes deployment of this fechno-
logy impractical in the lower spectrum of a portion
of FR1,” he contfinues. “Generally, as we increase to
higher-order MIMO, we get many fimes more throug-
hput than a 2X2 or 4X4 MIMO system.”

“Experimental results showed more than 10 dB diffe-
rence in overall losses between 3.5 GHz and 1.8
GHz,” says Elgazzar. “This difference is almost equally
caused by penetration loss & propagation losses,
which is even worse in buildings equipped with a
thermally-ef-ficient glass window.

"Due to high propagation losses, mmwave bands are
candidates for LOS scenarios & confined hotspots
while 3.5 GHz is prime for dense urban coverage,” he
concludes.



Nichols delves deeper into the practicalities of 2X2
and 4X4 multi-User MIMO systems, noting the oppor-
funities provided by “taking advantage of multiple
radio paths between transmit and receive (the simp-
lest examples being two paths: a direct path and a
reflected path).”

"MIMO systems determine that the channel has two
(or more) uncorrelated signal paths through channel-
state determination (deterministic signals transmitted,
and channel-impact analyzed at the other end),” he
says. "They then precode the data fransmissions to
multiple independent antennas such that they arrive
at independent antennas at the receiver in two inde-
pendent data-streams—thus increasing the effective
number of channels for communication.”

According to Powell, Self-Optimizing Networks have
been used where the system responds to various KPI’s
on a more regular basis to change the ftilt, but the filt
would be the same for every frequency. Neverthe-
less, as Powell explains, 2x2 or 4x4 MIMO scenarios
were limited to typical base station antennas that
could not steer their beams in the azimuth plane.
"Normally, the azimuth beamwidth was 65°, with
some sites having a narrower 32 or 45° beamwidth, ”
he says. "The elevation pattern was capable of some
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optimization using Remote Electrical Tilt, but that op-
fimization often only happened during the initial site
installation.”

“"Massive MIMO takes advantage of the multiple
radio-to-antenna connections to allow dynamic be-
amforming in both the azimuth and elevation plane
for each user. That means whether the user is close to
the tower or at the cell edge, to the left or to the right,
the anfenna will be able to direct a narrow 12° beam
right at the user. Combined with the ability to steer a
null at any interferers, this creates a C/I ratio capable
of supporting 5G speeds for many users simulfaneous-

ly.”

“This has the potential of decreasing the amount

of total RF transmission power for a given number

of users,” says Nichols. "By getting higher spectral
efficiency by using the same time/frequency resource
blocks for different users in the same cell—this latter is
possible because a resource block effectively beco-
mes time-frequency-space.”
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Why do we hear 5G will require
more transmitter sites?

When talking about transmitter sites, it is essential to
first understand that “transmitter sites” include base
stations, receivers, and transceivers. As Powell ex-
plains, the number of transmitter sites used is primarily
applicable to dense urban areas where millimeter-
wave antennas are used.

Nichols also adds that generally speaking, new FR1
bands are higher than the traditional cellular applica-
tions typically below 2.6 GHz and that Radio propao-
gation loss is higher at these frequencies. Therefore,
“ensuring appropriate link-budgets with these bands
means smaller cells (shorter distance over which the
signal travels), far more acute in the FR2 space, for
FR2, where even for fixed wireless systems, we cannot
expect cells to be larger than perhaps a 300-meter
radius. Hence, more cells will be needed,” he conclu-
des.

“The propagation losses will require smaller cells and
thus many more cell-sites. And the capacity advan-
tage by adding these sites will benefit the areas with
higher population density.” he says. “Regardless of
whether the area is supported by 600 MHz or up to 3.5
GHz, the number of cell sites is likely to increase.”

Dial adds that new hardware needs to be deployed
anytime new frequency bands are used. "The newer
bands that become available tend to be higher in
frequency than those currently deployed, he says,
“and as a result, they don’t propagate as far. There-
fore, more sites need to be constructed to cover a
given geography than were needed to deploy the
current network at lower frequencies.”

“Spectral efficiency is critical in mobile communi-
cations,” says Nichols, who explains that spectral
efficiency is measured in bits/second/Hz/square-me-
ter, where “Hz" is the bandwidth available. So far,
spectral efficiency improvements have been signifi-
cant, based on tfechnology investments in new radio
waveforms, modulation, and encoding tfechniques in
addition to new MIMO technologies.

“But improvements in spectral efficiency driven by
making the cell-size smaller are thousands if not tens
of thousands of times larger than improvements
made using any other technique,” declares Nichols.
“This has been the case ever since radio communico-
fion was invented.”

“Decreasing the cell-size allows for more frequency
reuse, but also means more base stations,” he adds.

“To realize the vision of 5G, more cell-sites, in most
cases, much smaller and lower-power is necessary.”

Will | be able to use a booster/re-
peater to increase 5G coverage in
my home or office?

According to Powell, in areas supported by milime-
ter-wave 5G radios, a booster will be needed since,
“the frequencies are too high for sufficient in-building
penetration.”

“This makes in-building solutions more important than
ever before,” he says. “A 5G transmitter will send a
very clean signal to the booster’s external antenna,
which is then passed through the building’s wall via
cable, before being amplified and re-transmitted
inside.

Elgazzar adds that repeaters will be used in some use
cases at 5G “only for very small office/shop.”

“Repeaters can counteract the problems associated
with in-building penetration specifically in FR2, he
says, “but this is an outdoor to indoor view of the mar-
ket. For 5G and densification, an in-building / high-
density strategy is required to support both ultrawide-
band throughput and low latency use cases.”

Nichols agrees about the importance of taking in-
door-to-outdoor performance in cellular systems into
account. “This has been a technological challenge
eversince 1G,” he explains. “Many different approa-
ches have been implemented including boosters,
distributed antenna systems, 3-dimensional MIMO
schemes, and even small-cells mounted indoors (or in
multi-story car parks, or stadiums, etc.).”

“The trend for this will continue since the same physics
apply in getting signals to and from where they need
to be,” Nichols concludes. “The FR2 situation is more
acute with propagation through walls and windows
and around corners being far less reliable than the
fraditional cellular and WiFi bands.”

“To maximize the performance of FR2 systems, we
can expect to see FR2 relays and boosters on the
market. Some early versions of these are already
getting lots of attention on the technical speaking
circuits in 6G.”
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Discussion Panel Expert: Consultix

Consultix has the most comprehensive portfolio in the industry for
IBS / DAS testing and design tools. Consultix unique solutions cover
the entire IBS/DAS project life cycle end to end; From design and
verification, installation testing & commissioning all the way to
long-term maintenance, optimization and monitoring solutfions.

Consultix is the market and fechnology leader in the fast-growing
IBS/DAS Testing field.



https://www.gapwireless.com/manufacturers/consultix/
https://www.gapwireless.com/manufacturers/saf-tehnika/
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What type of venue will most
benefit from 5G coverage?

Dial predicts “in-building venues will need extremely
high throughput, low latency networks to support
applications like virtual reality and machine learning.
But there will be other applications that haven’t been

thought of yet, enabled by the new feature-set of 5G.

While for Chuck Powell, the ideal 5G venue would be
“a line-sight-environment with an extremely high level
of user density.”

How are coverage patterns
changing for 5G vs. previous
technologies?

Previously, the "middle ground for the middle fre-
quency” involved 8T8R technology widely deployed
in the 2.5 GHz band in North America and other parts
of Asia. As Powell explains, the 8T8R beamformers
allowed for azimuth steering for each user, but the
elevation tilt was controlled by a mechanical phase
shifing mechanism that requires all frequencies to tilt
to the same angle.

“This type of antenna may be better for the modera-
tely dense areas that need for capacity than a typi-
cal x4 MIMO system,” he says, “but it does not have
enough users in the cell radius to justify a massive
MIMO system.”

Discussion Panel Expert: RFS

"This would allow the high-capacity millimeter-wave
antennas to be used without any of the normal limit-
ations caused by their smaller propagation range, ”
says, pointing to football stadiums and parking lots as
some good examples.

“These are the types of venues that already benefit
from highly specialized multi-beam anfennas such
as Luneburg Lenses,” he explains. “The 5G Massive
MIMO arrays will replace the Luneburg Lens with the
capability o steer more beams in many more diffe-
rent directions.”

Because 600 MHz 5G will continue to rely on 4x4
MIMO. That's because, according to Powell, the
wavelengths needed for a massive MIMO version
are “far tfoo large to put on a tower. Their coverage
pattern will not be very different from previous tech-
nologies.”

“In dense urban areas, where millimeter waves are
used, many people refer to the “tower” being taken
out of the network,” he continues. “They are correct,
the 200m cell size does not necessitate a large tow-
er” he says. “The antennas themselves are relatively
small and will be closer to the ground to reduce
propagation losses.

“The 3.5 GHz band will be an interesting mix between
the two extremes,” he says. “Some 3.5 GHz arrays will
simply be embedded within traditional macro anten-
nas to provide 4xMIMO, others will be massive MIMO,
while yet others may choose a technology that lies
between x4 MIMO and Massive MIMO.”

RFS Indoor positions itself as the telecommunications partner of
the transportation industry featuring field-proven innovations
spanning in-tunnel, in-building, and outdoor wireless coverage
solutions for the transportation market, including turnkey solutions

for optimized communications.

Radio Frequency Systems provides the most advanced active,
passive and hybrid RF distribution systems for in-tunnel coverage,
railway station coverage, and outdoor track-side rail coverage.
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What about 5G Coverage in
tunnels?

As Tom Kuklo, Global Product Manager In-Building
Solutions at RFS, explains, *“When we look at delivering
5G in tunnel environments, operators face even greo-
ter signal penetration and signal density challenges if
they are to achieve the download speeds needed.”

“Tunnels will require a MIMO distributed antenna to
form the backbone of the infrastructure to deliver

5G signal,” he continues. “There are several ways to
approach this, but we have found that using vertical-
ly polarized and horizontally polarized cables offers
the optimum way to deliver 5G in such a challenging
environment.”

“Because tunnel environments make for particularly
fricky installations, those making product decisions
need to think about how the equipment they invest in
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today will serve future coverage needs to avoid the
need to rip and replace further down the line,” he
concludes.

“"When selecting the radiating cable that will help
create that backbone for 5G delivery, procurement
officers should look to future-proof by selecting equip-
ment with no stop bands. This gives maximum flexibi-
lity and allows today’s infrastructure to meet tomor-
row’s requirements.”

10
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The potential of 5G to expand the uses and capabilities
of mobile technology is enormous, which is why it is so
crucial that 5G spectrum plans consider bandwidth and
propagation. Because 5G needs to operate across three
spectrums - low, medium, and high - to deliver adequate
coverage and support for all use cases, the mobile bands
chosen need 1o take these demands into account. In ge-
neral, the 3.5GHz spectrum is the true “Goldilocks” option
because of it can suite both high-density urban environ-
ments and satisfy the macrocells needed for coverage

in wider areas, including fixed wireless access. Because

of its versatility and adaptability, many network providers
believe 3.5GHz is the best option for most 5G networks.



https://ww.Gapwireless.com

RFS, JMA Wireless, Keysight Technologies, and Consultix all have several 5G
solutions available at Gap Wireless.

RFS C-Band 5G Small Cell Antennas

Broadband panel and omnidirectional
antennas that support spectrum from 694
MHz to 5.9 GHz including the soon to be
available C-Band.

Broadband spectrum support. Simplifies
antenna siting in neutral-host environments
and reduces costs by enabling use by
multiple operators.

CBRS and LAA spectrum capabilities. Enables smooth evolution to new
technologies as they are deployed in network densification plans.

JMA Private Wireless

JMA provides the only 100% U.S. designed,
developed, and manufactured 4G and
5G solutions on the market today. JMA’s
Private Wireless platform offers industrial
grade capacity, including 150 MHz of CBRS
in a single radio, as well as best in class sof-
tware based flexibility, allowing customers
to maximize utility on deployed private
networks.

JMA’s private wireless solution is powered by XRAN™, a 100% software-defined
radio access network platform and CellHub radio system. All JMA systems are

fully soffware upgradable and future ready without the limitations of hardware
based systems.

Keysight FieldFox
SUPER 5G NR Next Generation Micro-

wave Analyzers

Over-the-air (OTA) 5G NR measuremen-
ts (Option 378) - Supported on N991xB/
N993xB models only.

Support for 5G NR FR1 and FR2 over-

the-air measurements. The FieldFox

B-Series N991xB/N993xB with 100 MHz

of bandwidth are perfectly suited to

capture and demodulate over-the-air

tfransmissions of 5G NR FR1 and FR2 control channels. Provides key performance
indicators including physical cell ID, received power levels and beam index
information. Conducted EVM measurement is also included with Option 37

Consultix 5G CW Transmitter

Consultix 5G CW Transmitter

Consultix 5G test transmitter is a portab-
le RF signal generator that brings simpli-
city and affordability to mmWave test
scenarios pertinent to 5G applications.

The fast growing 28 GHz band has
generated a prominent demand for a handheld mmWave test fransmitter to
characterize its channels and calibrate its propagation models.

The ultra-compact size and RF performance of this 28 GHz CW transmitter
makes it ideal for such field applications as well as several laboratory use cases.
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