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S
mall cells are miniature cellular basestations with 
limited power and range. They complement larger 
macro basestations, which are the most common cell 
sites, to permit greater subscriber capacity and faster 

data speeds. Small cells are a growing trend that will have their 
greatest impact in 2014 and beyond.

BACKGROUND

A huge network of cell sites called macro basestations han-
dles cell-phone traffic. With their high power, tall towers with 
multiple antenna arrays, long range, and backup power sources, 
macro basestations cover most of the U.S. except for some very 
rural and geographically challenged areas. There are nearly 
300,000 such basestations in the U.S. Finding and securing suit-
able locations for basestations is getting increasingly difficult, 
though. The solution is the small cell.

In addition, the success of the smart phone and the growing 
subscriber demand for more and faster service are pushing 
cellular carriers to expand and upgrade their basestation 

deployments. The carriers responded by upgrading their 
systems with 4G Long Term Evolution (LTE), which offers 
significantly faster download speeds demanded by the major 
increase in video consumption. LTE is still being installed 
with full coverage not expected for several more years. One 
clear solution is the LTE small cell.

While the adoption of LTE will boost capacity and speed, 
limits are being reached. The orthogonal frequency-division 
multiplexing (OFDM) of LTE along with advanced modula-
tion methods and multiple-input multiple-output (MIMO) 
have pushed the spectral efficiency (bits/Hz/Hz) of the cellu-
lar system to the Shannon limit. LTE-Advanced will improve 
speeds by providing more bandwidth through carrier aggre-
gation. The ultimate limit is the spectrum available to the car-
rier. Again, small cells can provide an interim solution until 
more spectrum is freed up.

Another major issue for cell phones is indoor performance. 
More than 80% of all cell-phone calls occur in homes, offices, 
shopping malls, hotels, and other indoor venues. Indoor perfor-

mance is significantly poorer than outdoor 
performance since the radio signals are seri-
ously attenuated, distorted, and redirected 
by walls, ceilings, floors, furniture, and other 
obstacles. Indoor situations limit the range 
of the radio and greatly curtail data speeds. 
LTE is helpful in overcoming this problem, 
but the real solution is the small cell.

As it turns out, public and private Wi-
Fi hotspots and access points fit the basic 
definition of a small cell. They can connect 
to a user smart phone, tablet, or laptop and 
provide access to video and other infor-
mation and media demanded by the user. 
You don’t have to use the cellular network 
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GO TO ELECTRONICDESIGN.COM 49

to download video or access other big data applications if a 
Wi-Fi hotspot is nearby. Most cellular small cells will include 
a Wi-Fi access point.

Groups of physically small cells can be installed anywhere, 
indoors or out. They can sit on a desk or be mounted on a wall, 
roof, lamppost, or light pole. The small cells fill in the gaps in 
coverage and provide service where macrocell coverage is poor. 

There will be from five to 25 small cells per macro cell in most 
networks. Networks of small cells overlay, or as some say under-
lay, the macro network to provide an overall boost not only in 
data speeds but also subscriber capacity. The general customer 
performance is greatly improved with more reliable connec-
tions and significantly higher download speeds.

Distributed antenna systems (DASs) also are part of the 
small-cell trend. They use fiber-optic cable from a macro 
basestation to an array of antennas spread over a wide area 
to extend the reach and improve connection reliability. DASs 
are used in large buildings, airports, convention centers, and 
other large public venues. They could potentially be used to 
extend the range of small cells as well. Collections of macro 

basestations, small cells, Wi-Fi hotspots, 
and DASs are known as heterogeneous 
networks, or HetNets.

All small cells use the existing licensed 
spectrum assigned to the carrier’s net-
works. The limited spectrum is shared by 
frequency reuse and spatial diversity. Fre-
quency reuse refers to the use of the same 
band by multiple cell sites. Spatial diver-
sity means these sites are spaced from one 
another so coverage areas do not overlap. 
Power levels are controlled to eliminate or 
minimize interference with adjacent cells 
and with those on the same frequency. 

SMALL CELLS DEFINED

There are several different sizes and ver-
sions of small cells. They vary in the num-
ber of users they can handle, their power, 
and their range. In virtually all cases, they 
include the essential 3G technologies of 
the carrier, LTE and Wi-Fi. They also have 
a power source and a backhaul connection 
to the cellular network (see the table). 

The smallest is the femtocell, which is 
a single-box basestation used by the con-
sumer to improve local cellular service. 
Femtos have been around for years, and 
millions have been installed by most large 
carriers. Backhaul is by way of the custom-
er’s high-speed Internet connection via a 
cable TV or DSL telecom provider. There 

are also enterprise femtos that handle more users and provide a 
significant boost in indoor accessibility.

There are progressively larger small cells such as the picocell, 
microcell, and metrocell, each with increasing capacity, power, 
and range. Virtually all handle legacy 3G, LTE, and Wi-Fi. Many 
future small cells will also feature LTE-Advanced.

INSIDE THE SMALL CELL

A small cell is still a cellular basestation but boiled down to 
only a few key chips and circuits. Thanks to super-fast multicore 
processors, a single IC easily can handle most 3G and LTE base-
band operations. This baseband IC is then connected to the RF 
circuitry, making up the radio transceiver (Fig. 1). 

The RF transceiver called the analog front end consists of 
the receiver (RX) and transmitter (TX). The receiver gets its 
signal from the antenna and amplifies it in a low-noise amplifier 
(LNA) and sends the signal to I/Q mixers forming a demodula-
tor that recovers the signal. The signals are passed to analog-
to-digital converters (ADCs) that create the input to the digital 
front-end processor.
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Between the RF front end and the baseband processor is 
additional circuitry that performs decimation, digital upcon-
version (DUC), and digital downconversion (DDC). Other 
digital processing includes crest factor reduction (CFR), 
digital predistortion (DPD), and envelope tracking (ET). 
DPD and ET are used for linearization of the RF power ampli-
fiers to improve efficiency (see “Envelope Tracking Improves 
Mobile Handset Performance” at electronicdesign.com). All 

this circuitry may be in a separate ASIC 
or FPGA, or it may be included in the 
baseband chip or front-end RF circuitry.

The baseband processor creates the 
digital I/Q signals for the transmitter. 
These signals go to digital-to-analog con-
verters (DACs) in the analog front end 
that produce the equivalent analog sig-
nals. These signals then are sent to I/Q 
mixers that form a modulator. The mod-
ulator output is sent to one or more pow-
er amplifiers and then to the antenna.

The baseband processor has multiple-
standard CPUs and DSPs. It also handles 
all the modulation, demodulation, and 
other processes involved with the vari-
ous cellular standards. The I/O to the 
backhaul is typically by Ethernet. Pow-
er comes from a Power over Ethernet 
(PoE) connection if available or by some 
other source.

Maxim Integrated’s MAX2580 single-
chip analog front end includes the I/Q 
modulator and demodulator as well as 
their fractional-N frequency synthesiz-

ers for channel selection (Fig. 2). The multiple circuits support 
2x2 MIMO. The synthesizers cover all LTE bands 1 to 41 and 
provide for bandwidth selection from 1.4 MHz to 20 MHz. The 
ADCs and DACs are included on chip. The digital interfaces to 
the baseband processor are JESD207. 

The receiver section includes the LNAs, though additional 
external LNAs could be added if necessary. The transmitter out-
put amplifiers provide 0 dBm. If more power is needed, external 
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including a Gigabit Ethernet switch.
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power amplifiers can be added. Maxim makes a wide range of 
other RF circuits including the MAX2550-MAX2553 3G fem-
tocell transceivers for CDMA systems.

Texas Instruments’ similar AFE7500 RF front-end chip 
has two separate transmit and receive streams to support 2x2 
MIMO. It also includes all of the ADCs and DACs. A separate 
single-path receiver accommodates the feedback from the 
antenna needed by the DPD linearization circuits. The interface 
to the baseband processor is the JESD204B.

TI also has a full line of multciore processors to support the 
basestation needs. The KeyStone line includes a mix of ARM 
A15 RISC processors as well as TI’s well-known C66x DSPs. 
The TCI6630K2L features two ARM cores and four C66x DSPs 
(Fig. 3). It also has multiple accelerators to speed up operations, 
minimize the number of cores, and reduce power consump-
tion. Further, it includes the digital front-end circuits like DUC/
DDC/DPD/CFR. Multiple interfaces include JESD240B, PCI 
Express, SPI, USB, and a Gigabit Ethernet switch.

Freescale makes a full line of wireless infrastructure proces-
sors, including the QorIQ Qonverge BSC9131 for home and 
small business femto cells for up to 16 users, the BSC9132 for 
enterprise femtocells or picocells with up to 100 users, the B4420 
for larger metrocell and microcells, and the B4860 for mac-
rocells. All support LTE-FDD, TD-LTE, and LTE-Advanced 

as well as WCDMA and HSPA 3G standards. The BSC9132 
comprises two Power Architecture e500 RISC cores and two 
StarCore SC3850 DSPs plus the MAPLE B2P baseband accel-
erators (Fig. 4). Multiple I/Os permit connection to a variety of 
RF chips including the MAX2580.

Finally, most small cells will include Wi-Fi and possibly GPS. 
Power will come from PoE plus a mix of dc-dc converters and 
regulators. The RF power amplifiers and the baseband proces-
sor system-on-chip (SoC) consume most of the power.

TIMING AND SYNCHRONIZATION

A key requirement of all LTE basestations, macro or small-
cell, is timing and synchronization of all the radios in the net-
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MORE ON SMALL CELLS

As consumers demand more video and other data on their 

mobile devices, carriers will rely on small cells to support the 

huge volumes of traffic. For more about these solutions, go to 

electronicdesign.com and see: 

• �Understanding Small-Cell Unification’s Vital Role In LTE And 4G

• Interview: Freescale’s Tareq Bustami

• An Introduction To LTE-Advanced: The Real 4G
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work. Timing and synchronization are 
essential to meet the specifications of the 
Third Generation Partnership Project 
(3GPP), the organization establishing the 
LTE standards. Timing and synchroniza-
tion are implemented by delivering a for-
matted clock signal to the radio circuits 
of the basestation. These signals are then 
used to create the phase and frequency 
components of the LTE modulation. 
Timing and synchronization are also 
essential for proper handoff and back-
haul coordination.

Several timing and synchronization 
methods have been developed includ-
ing synchronous Ethernet (SyncE) or 
G.8262 by the ITU and the IEEE’s Preci-
sion Time Protocol (PTP) 1588-2008. 
Both are used, but PTP 1588-2008 seems 
to be preferred. PTP can be delivered 
with a grandmaster clock in the form of 
a timestamp over the packet network. 
An alternative, Network Time Protocol 
(NTP), is designed to synchronize clock 
to some time reference over a variable 
latency data network.

The timing requirements for imple-
menting LTE in the network are severe. 
The typical clock precision required is 
16 parts per billion (ppb) in the trans-
port network and 50 ppb in the air 

interface. For TDD and Advanced ver-
sions of LTE, the phase requirements are 
also critical. In addition, the method of 
backhaul will vary with different types 
of small cells. Many will use microwave. 
Others will use fiber. In residential 
femtos, DSL or cable TV provide the 
backhaul. Different timing schemes are 
needed to optimize the performance. 

The LTE-Advanced small cells to come 
will have strict timing and synchroniza-
tion requirements to implement the key 
features of enhanced inter-cell interfer-
ence coordination (eICIC) and coordi-
nated multipoint transmission/reception 
(CoMP). These interference manage-
ment technologies are required for self-
organizing networks (SON).

WI-FI OFFLOAD

The concept of Wi-Fi offload is simple. 
It is the formal use of available hotspots 
and access points to carry the high-speed 
data, relieving the cellular network of that 
burden. Since all smart phones have Wi-
Fi, it is possible to create a system that 
automatically selects Wi-Fi for a fast 
download if a hotspot is nearby. While 
subscribers could voluntarily access the 
data with Wi-Fi, they may not be aware of 
a useable hotspot. 
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5. The Ceragon FibeAir IP-20C is typical of the small-cell backhaul units available. It is available 

in standard licensed band frequencies from 6 to 42 GHz. Typical data rate is 1 Gbit/s in a single 

channel. It uses 2048 quadrature amplitude modulation (QAM) and can implement 4x4 MIMO in 

line-of-sight situations.
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By offloading the cellular system, that 
network can handle more users with 
high-speed data needs that cannot be 
addressed with Wi-Fi. Today, users can 
automatically offload the network them-
selves by actively seeking an available 
hotspot to avoid the cost of using the 
cellular network. Otherwise, an auto-
matic carrier-driven approach can be 
implemented to make the offload work 
seamlessly when users access high-vol-
ume downloads.

While the ultimate solution to vol-
ume is to roll out a small-cell under-
lay to increase capacity and coverage, 
Wi-Fi offers an immediate solution to 
the demand for faster downloads. Since 
high-speed traffic like video is growing 
faster than the carriers can implement 
a full small-cell system, Wi-Fi offers a 
fast and inexpensive way to deal with 
the problem. To make this work, several 
things must happen. 

First, cellular operators will have to 
partner with existing Wi-Fi providers in 
their coverage areas. Alternately, the cel-
lular operators will need to build out their 
own Wi-Fi networks. Many have already 
constructed their own Wi-Fi networks to 
ensure the desired coverage. Wi-Fi net-
works are significantly less expensive to 
install than cellular basestations, includ-
ing small cells. And, they are usually 
faster than most 4G networks. These cel-
lular operator Wi-Fi networks are called 
carrier-grade networks.

Second, some mechanism is needed 
to initiate an automatic selection of Wi-
Fi versus cellular networks when a sub-
scriber attempts to access some source 
of video or other big data. A subscriber’s 
smart phone or tablet will seek out the 
available networks and then select the 
best option, mostly favoring Wi-Fi if it is 
available. Up to 50% of cellular data traf-
fic will eventually be offloaded to Wi-
Fi, giving carriers time to roll out more 
small cells, expand their LTE networks, 
or add new spectrum while minimizing 
capital expenditures.

The mechanism for this selection is 
now available in the form of the Wi-

Fi Alliance’s Hotspot 2.0 and the IEEE 
802.11u standard. First, 802.11u is a 
relatively recent enhancement to the 
802.11 wireless local-area network 
(WLAN) standards. It enables Wi-Fi 
to work with other networks including 
cellular networks. The enhancement 
essentially automates the connection 
between a smart phone, tablet, or laptop 
to different Wi-Fi networks. It replaces 
the process of discovering nearby hot-
spots, entering passwords, authenticat-
ing, and connecting. 

Next, Hotspot 2.0 is an addition to the 
basic standard that uses 802.11u to auto-
mate access point discovery, registration, 
provisioning, and connection. This not 
only enables roaming between hotspots, 
it also provides a mechanism to link to 
cellular networks to perform automated 
handoff between the cellular network 
and available Wi-Fi hotspots. 

Virtually all 3G/4G small cells will also 
include carrier-grade Wi-Fi either in the 
same enclosure or in an adjacent box. 
Furthermore, the newer cell-phone mod-
els will incorporate Hotspot 2.0/802.11u 
to make the offload option function. Cel-
lular operators see the offload strategy 
as a way to buy time until more wireless 
spectrum is available or as funds are 
available to acquire it.

BACKHAUL

Backhaul is the name of the connec-
tion of a cell site to the core network. 
Most macro basestations in the U.S. 
use fiber-optic cable. Some carriers in 
hard-to-reach areas use a microwave 
link. Fiber is preferred, of course, as it is 
fast and reliable. But it is costly to install 
since it requires access to property, dig-
ging in the ground, or permission to use 
power poles. 

Microwave is simply line-of-sight 
(LOS) point-and-shoot wireless. It is not 
as fast, but that limitation is gradually 
going away with the new systems. With 
most microwave links, data capacity up 
to 1 Gbit/s is usually available.

Small-cell backhaul will most likely 
be a mix of fiber and wireless. If fiber is 
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available and affordable, it will be used. 
Otherwise, a wireless link will be the 
backhaul of choice. Small-cell backhaul 
also will be tricky sometimes. 

With small cells on lampposts, sides 
of buildings, and other odd locations, 
fiber or even ac power may be hard to 
come by. A wireless link may be the only 
choice, and even that could be a challenge 
in large cities with tall buildings and oth-
er structures blocking most paths back 
to the core network. Multiple-hop links 
may be used in some instances.

The most popular wireless backhaul 
frequencies are 6, 11, 18, and 23 GHz. 
These frequencies require a license to use, 
and equipment is generally expensive. 
However, other potential bands are the 
60-GHz band and 70/80-GHz E-band. 
The 80-GHz band requires a license, but 
the 60-GHz band does not. The 60-GHz 
band (57-64 GHz) is an industrial-scien-
tific-medical (ISM) band that is open to 
any service. 

The millimeter-wave bands above 
30 GHz offer lots of bandwidth to sup-
port higher data rates, but their range 
is severely limited by the physics of 
their short wavelength. With high-gain 
directional antennas and higher power, 
though, ranges can extend to several kilo-
meters. Just recently the Federal Com-
munications Commission modified the 
Part 15 rules and regulations to permit 
higher power and antenna gains in the 
60-GHz band to make it more useful for 
small-cell backhaul (Fig. 5).

SELF-ORGANIZING NETWORKS

Self-organizing networks (SONs) 
are a software solution to managing a 
HetNet. While the interaction between 
macrocells is usually managed manu-
ally, with multiple small cells, such 
a manual task is overwhelming. With 
SON, the HetNet will essentially manage 
itself. SON can automate configuration 
and dynamically optimize the network 
based on the traffic loads.

SONs can be categorized by their 
three basic functions: self-configura-
tion, self-optimization, and self-healing. 
Self-configuration adjusts the small-
cell frequency, power level, and inter-
faces automatically as the device joins 
the system. It works with the automatic 
neighbor relations (ANR) software that 
builds and maintains a list of all cells in 
the network and the location and physi-
cal characteristics of each (see “Test ANR 
Functionality On Your LTE Devices” at 
electronicdesign.com). If any new cell is 
added, the configuration is automatic 
and the list is updated. The same occurs 
if a cell is removed.

Self-optimization refers to the abil-
ity of the network to adapt itself to sur-
rounding conditions and optimize its 
performance based on coverage, capacity, 
handover between cells, and interference. 
Two key functions are load balancing and 
interference mitigation. Load balancing 
is dividing the traffic between the cells 
so no one cell becomes too overloaded if 
adjacent cells are within range and have 
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LICENSED SMALL CELLS

Femto Pico Micro/metro Macro

Indoor/outdoor Indoor Indoor or outdoor Outdoor Outdoor

Number of users 4 to 16 32 to 100 200 200 to 1000+

Maximum output power 20 to 100 mW 250 mW 2 to 10 W 40 to 100 W

Maximum cell radius 10 to 50 m 200 m 2 km 10 to 40 km

Bandwidth 10 MHz 20 MHz 20, 40 MHz 60 to 75 MHz

Technology 3G/4G/Wi-Fi 3G/4G/Wi-Fi 3G/4G/Wi-Fi 3G/4G

MIMO 2x2 2x2 4x4 4x4

Backhaul DSL, cable, fiber Microwave, mm Fiber, microwave Fiber, microwave
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available capacity. Load balancing occurs 
automatically. This ability also helps bal-
ance the backhaul traffic load.

Interference management is essential 
in a HetNet since the small cells are gen-
erally closely spaced and could poten-
tially interfere with one another. SON 
software uses the cells to measure the 
characteristics of nearby cells to deter-
mine if interference is a possibility. It 
then makes adjustments dynamically to 
change frequency or power level as nec-
essary to minimize interference. 

Self-healing refers to a SON’s ability 
to adjust to changing conditions such as 
cell failure. SON technology is a key part 
of HetNets, and the LTE standard sup-
ports it. Tests have shown that SON can 
monitor and update a network within 
milliseconds in some cases and dynami-
cally adapt. Overall throughput can be 
improved by 10% to 45% in many cases.

DISTRIBUTED ANTENNA SYSTEMS

DASs also are a key part of the HetNet 
movement. A DAS isn’t exactly a small 
cell, but it similarly improves coverage 
and performance in a given region. A 
DAS expands the coverage on a given 
basestation by distributing the signal over 
a wider area using a network of anten-
nas. It is useful for improving coverage 
in multi-floor office buildings, stadiums, 
hotels, malls, airports, and subways, 
as well as tunnels and roadways. It can 
be used indoors or outdoors, although 
indoor coverage is more common.

A DAS connects to an existing macro 
basestation either directly or by a wireless 
link. It then distributes this service over 
fiber-optic cable or coax cable or some 
combination. Typically the unit connect-
ed to the basestation involves a repeater 
that amplifies the signal and sends it to 
various regions in the coverage area by 
way of a fiber-optic cable. In some cases 
no amplification is used. The RF signals 
are simply transported over the fiber. 

The fiber connects to distribution 
boxes that convert the signals for coax 
cable distribution to an array of antennas. 
These antennas must be separated from 

one another by several wavelengths to be 
effective. The array divides the transmit-
ted power among the antennas. While the 
signal at each antenna is smaller, it typi-
cally is a better signal than what might 
be an even smaller signal directly from 
the basestation. A DAS eliminates dead 
zones caused by the huge attenuation 
with distance and through walls, ceil-
ings, and other obstructions. It provides 
a more direct line-of-sight connection to 
the cell phone or other user device.

A DAS may be passive or active. Pas-
sive systems are simplest and use a mix of 
filters, splitters, and couplers to distribute 
the signals. Active systems use amplifi-
ers and repeaters to boost signal levels. 
The facility owner usually owns the DAS 
instead of the cellular carrier, like other 
small cells. A distribution agreement 
with the carrier is necessary. DAS may 
be carrier-specific or generic to handle 
any 2G/3G/4G signals. Some DASs work 
with Wi-Fi as well.

SUMMARY

Only a few small-cell networks are 
around now, but many are expected in 
the future. The major carriers will under-
go many trials and tests as they attempt 
to solve the many challenges of placing 
and provisioning small cells. The larger 
rollout of small cells will begin in 2014 
and continue thereafter. 

Small cells not only will improve 
smart-phone and tablet operations but 
also will accelerate mobile cloud applica-
tions and machine-to-machine (M2M) 
services. Then 5G systems will emerge, 
including a small-cell solution. 
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