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From design and  
development…

Keysight is an active participant in 
the development of test processes 
and measurement methods by 
following wireless connectivity 
forums and organizations: IEEE, 
Wi-Fi Alliance, WiMAX Forum, 
WiGi Alliance, and more. We 
are determined never to let test 
equipment needs stand in your way 
of developing innovative products for 
evolving wireless standards. 

To integration and  
interoperability…

Keysight provides test equipment 
that can be used to help ensure 
your wireless products will conform 
to standards and interoperate with 
same-technology devices from  
multiple vendors. Keysight also  
provides tools and services to 
streamline the way you prepare for 
�F�H�U�W�L�o�F�D�W�L�R�Q�����K�H�O�S�L�Q�J���\�R�X���H�Y�D�O�X�D�W�H��
module performance, characterize 
interoperability, and make sure your 
integration effort results in  
�F�H�U�W�L�o�H�G���S�U�R�G�X�F�W�V��

To manufacturing…

As technologies move into  
manufacturing, Keysight extends its 
expertise to offer stand-alone prod-
ucts and system solutions to help get 
your designs to market faster and 
�P�R�U�H���H�I�o�F�L�H�Q�W�O�\�����$�Q�G�����Z�H���Z�L�O�O���F�R�Q�W�L�Q�X�H��
�U�H�o�Q�L�Q�J���R�X�U���R�I�I�H�U�L�Q�J���D�V���W�H�F�K�Q�R�O�R�J�L�H�V��
mature and cost-of-test issues drive 
�P�D�Q�X�I�D�F�W�X�U�L�Q�J���H�I�o�F�L�H�Q�F�\��

To installation and 
maintenance…

Field work continues to be demanding. 
Keysight’s tools allow you to do more 
�L�Q���W�K�H���o�H�O�G���L�Q���O�H�V�V���W�L�P�H���D�Q�G���L�Q�F�U�H�D�V�H��
your ability to detect and eliminate 
interferring signals.

Worldwide  
engineering expertise

Our worldwide test engineering exper-
tise and robust knowledge library of 
application notes, CDs, DVDs, videos 
and more are designed to help you 
interpret, clarify and test to continu-
ally evolving standards, giving you 
greater insight into your wireless con-
nectivity designs. You face increasing 
technical and operational complexity. 
Keysight measurement and applica-
tion expertise helps you anticipate 
these growing complexities so you can 
accelerate your ability to achieve both 
engineering and business goals. 

Accelerate next-generation wireless 

Evolving needs in 
Wireless Connectivity 

Driving the need for new wireless 
connectivity is the relentless demand 
for data capacity. More connected 
devices in homes and businesses, 
more data-intensive applications on 
smartphones and tablets, and mobile 
�Q�H�W�Z�R�U�N���R�S�H�U�D�W�R�U�V���R�I�p�R�D�G�L�Q�J���G�D�W�D��
connections to WiFi all contribute 
to the need for solutions such as the 
higher speed and capacity of the 
new 802.11ac and 802.11ad Wireless 
LAN variants. At the other end of the 
scale, the simple sensors such as 
smart meters and inventory man-
agement tools which are envisaged 
as components of the “Internet of 
Things” (IoT), are driving the need for 
�O�R�Z���U�D�W�H�����K�L�J�K�O�\���H�I�o�F�L�H�Q�W���F�R�P�P�X�Q�L-
cations solutions. These range from 
centimeter-range Near Field Com-
munication (NFC) through Bluetooth 
and Zigbee at up to 10 meters, to 
802.11ah and 802.11af Wireless LAN, 
which are optimized for a range of 
approximately 1 kilometer and oper-
ate in frequency ranges below 1GHz.

Keysight Technologies Inc.,  
the world’s premier  
measurement company,  
offers design and test  
solutions that span  
the range of wireless  
connectivity  
technologies—from  
RFID through to WLAN. 
Keysight products  
cover the lifecycle.
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WLAN- Multiple 
WLAN versions  
including 802.11ac  
and 802.11ad

Multiple versions of the standard; 
802.11a/b/g/h/j/p/n and the latest 
varieties 802.11ac and ad, add the 
challenges of backwards compatibil-
ity, embracing the latest standards, 
and cutting manufacturing costs with 
each new wave of standard develop-
ment.

www.keysight.com/find/wlan
www.keysight.com/find/802.11ac
www.keysight.com/find/802.11ad

WPAN- Bluetooth, 
UWB, RFID,  
NFC, ZigBee

Additional enhancements to each of 
these technologies present a new 
�O�H�D�U�Q�L�Q�J���F�X�U�Y�H���D�Q�G���D���Q�H�Z���F�H�U�W�L�o�F�D-
tion or compliance process. Improved 
functionality must not interfere with 
existing signals in close proximity. 
And package size demands tighter 
integration of the entire design in-
cluding PHY requirements which are 
a new area of expertise for  
digital engineers. 

WMAN-  
WiMAX Waves

Keeping abreast with a phased  
technology is never ending. WiMAX 
Wave 2 products include MIMO 
techniques; bringing a whole new 
complexity to antenna design and 
modulation schemes. In addition,  
your product must conform to 802.16 
standards in order to 
be allowed to operate 
�L�Q���G�H�o�Q�H�G���J�H�R�J�U�D�S�K�L�F��
regions. These engineering 
challenges coexist with 
�D���S�U�H�V�V�X�U�H���W�R���E�U�L�Q�J���F�H�U�W�L�o�H�G���K�L�J�K��
quality, high-yield products to market 
quickly.

www.keysight.com/find/wimax

www.keysight.com/find/bluetooth
www.keysight.com/find/uwb
www.keysight.com/find/rfid
www.keysight.com/find/zigbee

Wireless Connectivity presents engineering challenges

Up to 10 meters: Wireless Personal Area Network (WPAN) 

Up to 100 meters: Wireless Local Area Network (WLAN)

Up to 50 kilometers: Wireless Metropolitan Area Network (WMAN)

 – WLAN 802.11ac  – WLAN IEEE 802.11a/b/g/h/j/p/n

 – WiMedia
 – UWB

 – Bluetooth® 
 – ZigBee

 – NFC
 – RFID

 – 802.11 ad

 – 802.11ah sub-1GHz extended range WLAN
 – 802.11af “White-Fi” WLAN in TV White Space

 – Fixed and Mobile WiMAX™
 – �$�Q�G���P�R�U�H���D�U�H���E�H�L�Q�J���G�H�o�Q�H�G
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Baseband DSP and  
System Design

Keysight SystemVue is a focused 
electronic design automation (EDA) 
environment for electronic system-
level (ESL) design. It enables system 
architects and algorithm developers  
to innovate the physical layer (PHY)  
of wireless and aerospace/defense  
communications systems and 
provides unique value to RF, DSP, 
and FPGA/ASIC implementers. 
By integrating algorithms with 
standards-based reference libraries, 
RF and channel models, and 
stimulus-response test equipment, 
Keysight has created a new category 
of system-level design tools that 
move designs along much faster. 

RF component design  
and development

Keysight offers leading-edge RF EDA 
tools for transceiver designers, includ-
ing RFICs (GoldenGate), RF & micro-
wave (Advanced Design System) and 
personal RF board design (Genesys). 
Then using these tools, connect them 
to benchtop instrumentation and 
verify your simulated and real designs.

Connect the Keysight PNA-X or ENA 
network analyzers and match real-
world test results with simulation data 
for accelerated validation and pre-
compliance. 

Keysight Signal Studio and 
embedded software is a suite of 
�p�H�[�L�E�O�H�����H�D�V�\���W�R���X�V�H�����V�L�J�Q�D�O���F�U�H�D�W�L�R�Q��
software that will cut the time you 
spend on signal simulation. And, 
�Z�L�W�K���D���G�H�P�R�Q�V�W�U�D�W�H�G���o�U�V�W���W�R���P�D�U�N�H�W��
track record, Keysight’s signal 
creation software offers insight and 
�F�R�Q�o�G�H�Q�F�H���L�Q���\�R�X�U���G�H�V�L�J�Q��

The W1917 WLAN personality 
for SystemVue also links to the 
89600 VSA “Custom OFDM” 
measurement personality to  
provide early stimulus-response 
support for the emerging 
802.11ac standard.

Test STC and MIMO features, and new IEEE 
802.16Rev2 features such as CDD and FDD/H-FDD 
frames using N7615 Signal Studio for WiMAX.

Design and Development

Whether you are designing components, or user equipment, 
only Keysight delivers a complete, integrated R&D design and 
test environment with simulation, characterization, and evalu-
ation tools. Keysight’s broad product portfolio makes it the 
only test equipment supplier able to provide a single-vendor 
solution for the cross-domain test challenge of digital wireless 
designs such as DigRF.

Design, validate and test 
seamlessly with RF EDA tools.
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Prototype evaluation

From standalone one-box test 
sets for early manual testing, to 
multi-channel design validation, 
to automated conformance test 
systems, Keysight has the right 
tools to help you fully evaluate 
your prototype and pre-production 
devices throughout your development 
cycle. X-Series signal analyzers 
have a library of more than 25 
measurement applications including 
WLAN, WiMAX and Bluetooth.

Module design

Combine the Keysight MXG signal 
generator, pattern generation, and 
logic analysis with the Keysight MXA 
and the Keysight 89600 Vector Signal 
Analysis software, for complete 
characterization of digital wireless 
designs. Keysight’s innovations keep 
pace with technology development. 
Keysight 89600 VSA software 
supports newer technologies like 
802.11ac. And the PXA Signal 
Analyzer has 160 MHz bandwidth 
required by some advanced  
technologies like 802.11ac.

The N9077A application provides 
FFT-based spectrum analysis, 
time domain analysis, general 
purpose digital modulation 
analysis and advanced 802.11 
a/b/g/ac modulation analysis. 

The 89600 Series VSA paired with a 
DSO90000 Series oscilloscope captures 
an entire 500 MHz UWB signal.

Design and Development continued...
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�7�K�H���3�1�$���;���L�V���D�Q���L�G�H�D�O���W�R�R�O���I�R�U���P�H�D�V�X�U�L�Q�J���D�P�S�O�L�o�H�U���V�S�H�F�L�o�F�D�W�L�R�Q�V�����I�U�R�P���J�D�L�Q��
and return loss, to harmonics and IMD.

Manufacturing

Component test

Developing technical leading-edge 
components brings many unexpected 
problems from various factors. Use 
Keysight network analyzers with 
multi-port test sets and calibration 
tools to minimize reconnection and 
obtain optimum measurement integ-
rity. For complicated technical issues 
beyond linear component character-
izations, Keysight PNA-X Series is the 
right solution. Solve the complicated 
non-linear technical issues in a 
single instrument with a single 
set of connections. 

A single platform is rarely the right 
answer for every test scenario. That’s 
why the Keysight portfolio includes 
more than traditional instruments. 
PXI modular products deliver mea-
surements today and enable capabili-
ties for the future.

In the manufacturing  
environment you feel 
intense time-to-market 
pressures, especially for 
new technologies where 
�E�H�L�Q�J���o�U�V�W���L�V���N�H�\�����)�U�R�P��
complete networks and 
hubs to end-user equip-
ment with a lifetime of 
only a few months to  
make a return on invest-
ment, you need to get  
your product to market  
fast, while protecting 
your bottom line. Choose 
Keysight for a complete 
portfolio of test equipment 
solutions that are fast,  
�D�F�F�X�U�D�W�H�����p�H�[�L�E�O�H�����D�Q�G��
cost-effective. 

E6640A EXM wireless 
test set

The E6640A EXM wireless test set 
scales with your production needs and 
is in sync with the latest WLAN chip-
sets. It delivers the speed, accuracy, 
and port density you need to ramp 
up rapidly and optimize full-volume 
manufacturing.

E6640A EXM Wireless Test Set

X-Series measurement

The X-Series measurement applica-
tions help you easily achieve your 
manufacturing test goals for today’s 
multi-format devices. It quickly per-
forms standards-based measurements 
for compliance with IEEE 802.11 series 
standards and other wireless connec-
tivity technologies. 

�7�K�H���(�;�0���p�H�[�L�E�O�H���V�H�T�X�H�Q�F�H�U���X�V�H�V���V�L�Q�J�O�H��
acquisition multiple measurement 
(SAMM) techniques to provide high-
�V�S�H�H�G���F�D�O�L�E�U�D�W�L�R�Q���D�Q�G���Y�H�U�L�o�F�D�W�L�R�Q���R�I��
your devices and modules for maximum 
manufacturing throughput. Should 
issues arise, multiple color-coded 
result views help you quickly identify 
them for quick resolution. Using the 
X-series measurement applications 
with the EXM wireless test set makes 
it easy to rapidly ramp up and optimize 
full-volume

X-Series Measurement Application
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As operating frequencies 
have soared from sub-GHz 
levels up to 5.8 GHz, you 
have had to build more 
hubs or upgrade existing 
sites to maintain the same 
size coverage area. As a 
result, you need to deploy 
and maintain more sites 
and more complex and  
co-located networks than 
you previously did in the 
same amount of time. You 
need the right installation 
and maintenance tools 
that make you more  
productive.

Installation and Maintenance

Keysight’s FieldFox RF analyzers are 
designed to withstand your tough-
est working conditions. To accelerate 
maintenance and troubleshooting, 
each operating mode has a task-
driven user interface that saves time 
�L�Q���W�K�H���o�H�O�G��

Covering frequencies from 9 kHz to 20 GHz, 
the Keysight HSAs have the features you need 
�I�R�U���R�S�H�U�D�W�L�Q�J���L�Q���W�R�X�J�K���o�H�O�G���H�Q�Y�L�U�R�Q�P�H�Q�W�V���D�Q�G��
their measurement performance gives you con-
�o�G�H�Q�F�H���W�K�H���M�R�E�j�V���E�H�H�Q���G�R�Q�H���U�L�J�K�W�����7�K�H���.�H�\�V�L�J�K�W��
HSAs let you automate routine tasks to save 
time and ensure consistent results.
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As more and more wireless 
connectivity technologies 
aim for higher data rates 
with better spectrum 
�H�I�o�F�L�H�Q�F�\�����0�X�O�W�L���,�Q�S�X�W��
Multi-Output (MIMO) is 
a key technique used 
in wireless connectivity 
applications. Keysight 
provides a broad and 
powerful set of MIMO test 
solutions. 

www.keysight.com/find/mimo

Validating MIMO designs

The M9381A PXIe Vector 
Signal Generator and M9391A 
PXIe Vector Signal Analyzer 
provide up to 8x8 MIMO tests 
with precise channel-to-
channel synchronization and 
up to 160 MHz generation 
and analysis bandwidth for 
the more complicated spatial 
multiplexing MIMO and 
beamforming analysis.

The modular products combined 
with the industry proven 89600 
VSA software provide the ability 
to demodulate and analyze up 
to 8 phase coherent channels 
simultaneously, providing insight 
into your latest wireless designs.

For baseband analysis the M9703A AXIe  
multichannel AXIe digitizer provides 
8-synchronized channels with 12-bit 
resolution and optional, real-time, digital 
down-conversion (DDC) for tunning into the 
signal of interest. This solution is capable of 
capturing 802.11ac baseband IQ signals and 
provides up to 800 MHz analysis bandwidth 
at full sampling rate to address emerging 
wireless standards. 

Keysight software is downloadable 
expertise. From first simulation 
through first customer shipment,  
we deliver the tools your team  
needs to accelerate from data to 
information to actionable insight.

Learn more at

www.keysight.com/find/software

Start with a 30-day free trial. 

www.keysight.com/find/free_trials

Download your  
next insight
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Greater insight - web sites rich with resources

Get a jump start on  
learning new technolo-
gies by investigating  
Keysight’s wireless  
connectivity web sites. 
�+�H�U�H���\�R�X���Z�L�O�O���o�Q�G���Z�K�L�W�H��
papers, application 
notes, eSeminars, DVDs, 
videos and other valuable 
resources to help you 
research, identify and 
implement the best test 
solutions to meet your 
�V�S�H�F�L�o�F���S�U�R�M�H�F�W���Q�H�H�G�V��

w w w . a g i l e n t . c o m / f i n d / w i r e l e s s c o n n e c t i v i t y

Cellular Communication Two-Way Trunked Radio Wireless Connectivity GNSS (Global Navigation Satellite System)

Technology 5G GSM/GPRS/EDGE/EDGE Evolution W-CDMA HSPA(HSDPA and 
HSUPA)/HSPA+

TD-SCDMA/TD-HSPA/TD-
HSPA+ LTE LTE-Advanced cdmaOne (TIA/EIA-95A/B/C)/CDMA2000 1x/

1xEV-DO Rel. 0/Rev. A/B
TETRA/TEDS 

(TETRA release 2) APCO 25 RFID NFC IEEE 802.15.4 (ZigBee) and
IEEE 802.15.4g (Wi-SUN)

IEEE 802.15.1 
Bluetooth 2.1 +EDR, 

3.0+HP, 4.0 Low Energy
(IEEE 802.15.1)

WLAN IEEE 802.11
a/b/g/h/j/n/ac/af/ah

WirelessHD/WiGig 
IEEE 802.11ad/aj

IEEE 802.16-2004/
16e/16m (WiMAXtm) GPS GLONASS Galileo BeiDou

Description 5G denotes the next major phase of 
mobile telecommunications standards 
beyond 4G/IMT-Advanced standards. 
���*���G�R�H�V���Q�R�W���G�H�V�F�U�L�E�H���D�Q�\���R�I�o���F�D�O���V�S�H�F�L�o����
cation published by a telecommunication 
standardization body at this time.

Global system for mobile communications
General packet radio service
Enhanced data rates for GSM evolution
Evolved EDGE or EDGE evolution

Wideband code division
multiple access

High speed (downlink/uplink) packet 
access/Evolved high speed packet 
access

Time division-synchronous code divi-
sion multiple access/Time division-
high speed (downlink/uplink) packet 
access/Time division-evolved high 
speed packet access

3GPP Long Term Evolution Evolution of 3GPP LTE from Release 10 
onwards; includes 3GPP Releases 10, 
11, 12, 13

Code division multiple access   
CDMA2000 1x: A.k.a. 1x, 1xRTT, IS-2000
1xEV-DO: 1xEvolution-Data Optimized

Terrestrial trunked radio
TETRA enhanced data

Association of public-safety 
�F�R�P�P�X�Q�L�F�D�W�L�R�Q�V���R�I�o���F�L�D�O�V����
Project 25

�5�D�G�L�R���I�U�H�T�X�H�Q�F�\���L�G�H�Q�W�L�o���F�D�W�L�R�Q �1�H�D�U���o���H�O�G���F�R�P�P�X�Q�L�F�D�W�L�R�QLow-rate personal area network 
(LR-WPAN/ZigBee) and Wi-SUN

Medium-speed wireless PAN
EDR: enhanced data rate,
Bluetooth 3.0 for High Speed 
and 4.0 for low energy

Wireless local area network 
(LAN)

�:�L�U�H�O�H�V�V���+�L�J�K���'�H�o���Q�L�W�L�R�Q��
Wireless Gigabit
Short-range (< 10m) high capacity link

Wireless metropolitan
area network (MAN)

Global Posiiton System 
operated by United States

Global Navigation Satellite 
System operated by Russia

Galileo is a GNSS system built 
by the European Union and 
European Space Agency

Beidou Navigation System (BDS) 
is a Chinese satellite navigation 
system

Commercial 
Deployment*
 

Industry is estimating 2020 GSM: 1992/GPRS: 2001/EDGE: 2002
540+ networks in 190+ countries except Japan and Korea

Japan: 2002/Europe: 2004 
400+ networks in 160+ 
countries

HSDPA: 2005/ HSUPA: 2007/HSPA+ 
with DL MIMO: 2009/DC-HSDPA: 2010
HSPA: 547 networks in 205 countries
HSPA+: 363 networks
DC-HSDPA: 159 networks in 83 
countries

TD-SCDMA/TD-HSDPA: 2009 China 300+ networks in service in 
107 countries; 350 commercial 
networks expected by end of 
2014

9 networks in 7 countries; 40 networks 
expected worldwide by end of 2014

cdmaOne: 1995/cdma2000: 2001/1xEV-DO
Rel. 0: 2004/Rev. A: 2006/Rev. B:2010
Worldwide. Focused more on Asian
countries. 300+ networks in 118+ countries
(110+ EV-DO Rel. 0, 175+ EV-DO Rev. A, 10+
EV-DO Rev. B networks)

TETRA: 1997/TEDS: 2005
All ETSI countries

�3�U�R�M�H�F�W���������F�H�U�W�L�o���F�D�W�L�R�Q������������
U.S., Australia, New Zealand
and expanding global 
coverage

ISO 18000-6 Type-C: 2005/ Type-A/B: 2006-2007
ISO 18000-4 Mode-1: 2006-2007
ISO 18092: 2007-2008
Worldwide

2010
Worldwide

Worldwide �%�O�X�H�W�R�R�W�K���&�R�U�H���6�S�H�F�L�o���F�D�W�L�R�Q�V��
2007/ V2.1+EDR
2009/V3.0+High Speed
2010/V4.0 Low Energy

b: 1999/a/g: 2002-2003/h: 
2003-2004/j: 2004/n: 2007/ac: 
2013; af: 2013; ah: around 2015

802.11ad: 2009 Worldwide
802.11aj (China):  2016

Fixed access: 2006/
Mobile access: 2007
Worldwide

Fully operationl since 1994 
with typically 31 satellites in 
operation

Fully operational in Oct. 2011; 
Initial open service planned by 
2015 and completion of full 
system by 2020

Currently only 4 in-orbit 
validation satellites launched. 
Initial open service planed 
by 2015 and fully operation 
for 2020

Currently 14 satellites in-orbit 
�D�Q�G���E�H�J�D�Q���V�H�U�Y�L�F�H���I�R�U���$�V�L�D���S�D�F�L�o���F��
region since Dec. 2012 and plan 
the completion of full system by 
2020

Frequency Range
 Uplink/Reverse:
   (UL/RL) 
Downlink/Forward:
   (DL/FL) 
Base Station:
   (BS)
Mobile Station: 
  (MS) 

There is no frequency band designated 
for 5G but these are some of the following 
under consideration:
 < 6 GHz 
 28 GHz
 38 to 40 GHz
 57 to 64 GHz
 70 to 75 GHz
 81 to 89 GHz
 More

Europe: 900 MHz and 1800 MHz
North America: 850 MHz and 1900 MHz
 T-GSM-380: 380.2 to 389.8 (UL) 390.2 to 399.8 (DL)
 T-GSM-410: 410.2 to 419.8 (UL) 420.2 to 429.8 (DL)
 GSM-450: 450.4 to 457.6 (UL) 460.4 to 467.6 (DL)
 GSM-480: 479.0 to 486.0 (UL) 489.0 to 496.0 (DL)
 GSM-710: 698.0 to 716.0 (UL) 728.0 to 746.0 (DL)
 GSM-750: 747.0 to 762.0 (UL) 777.0 to 792.0 (DL) 
 T-GSM-810: 806.0 to 821.0 (UL) 851.0 to 866.0 (DL)
 GSM-850: 824.0 to 849.0 (UL) 869.0 to 894.0 (DL)
 P-GSM-900: 890.2 to 914.8 (UL) 935.2 to 959.8 (DL)
 E-GSM-900: 880.0 to 914.8 (UL) 925.2 to 959.8 (DL)
 R-GSM-900: 876.0 to 914.8 (UL) 921.0 to 959.8 (DL)
 T-GSM-900: 870.4 to 876.0 (UL) 915.4 to 921.0 (DL)
 DCS-1800: 1710.2 to 1784.8 (UL) 1805.2 to 1879.8 (DL)
 PCS-1900: 1850.0 to 1910.0 (UL) 1930.0 to 1990.0 (DL)

FDD for Bands 1 to 14, 19-22, 25-26 
Band 1: 1920 to 1980 MHz (UL) 2110 to 2170 MHz (DL)
Band 2: 1850 to 1910 MHz (UL) 1930 to 1990 MHz (DL)
Band 3: 1710 to 1785 MHz (UL) 1805 to 1880 MHz (DL)
Band 4: 1710 to 1755 MHz (UL) 2110 to 2155 MHz (DL)
Band 5: 824 to 849 MHz (UL) 869 to 894 MHz (DL)
Band 6: 830 to 840 MHz (UL) 875 to 885 MHz (DL)
Band 7: 2500 to 2570 MHz (UL) 2620 to 2690 MHz (DL)
Band 8: 880 to 915 MHz (UL) 925 to 960 MHz (DL)
Band 9: 1749.9 to 1784.9 MHz (UL) 1844.9 to1879.9 MHz (DL)
Band 10: 1710 to 1770 MHz (UL) 2110 to 2170 MHz (DL)
Band 11: 1427.9 to 1452.9 MHz (UL) 1475.9 to 1500.9 MHz (DL)
Band 12: 698 to 716 MHz (UL) 728 to 746 MHz (DL)
Band 13: 777 to 787 MHz (UL) 746 to 756 MHz (DL) 
Band 14: 788 to 798 MHz (UL) 758 to 768 MHz (DL)
Band 19: 830 to 845 MHz (UL) 875 to 890 MHz (DL)
Band 20: 832 to 862 MHz (UL) 791 to 821 MHz (DL)
Band 21: 1447.9 to 1462.9 MHz (UL) 1495.9 to 1510.9 MHz (DL) 
Band 22: 3410 to 3490 MHz (UL) 3510 to 3590 MHz (DL)
Band 25: 1850 to 1915 MHz (UL) 1930 to 1995 MHz (DL)
Band 26: 814 to 849 MHz (UL) 859 to 894 MHz (DL)

TDD for Bands 33 to 41
Band 33: 1900 to 1915 MHz (UL & DL)
Band 34: 2010 to 2025 MHz (UL & DL)
Band 35: 1850 to 1910 MHz (UL & DL)
Band 36: 1930 to 1990 MHz (UL & DL)
Band 37: 1910 to 1930 MHz (UL & DL)
Band 38: 2570 to 2620 MHz (UL & DL)
Band 39: 1880 to 1920 MHz (UL & DL)
Band 40: 2300 to 2400 MHz (UL & DL)
Band 41: 2496 to 2690 MHz (UL & DL)

Band 1: 1920 to 1980 MHz (UL), 2110 to 2170 MHz (DL), FDD
Band 2: 1850 to 1910 MHz (UL), 1930 to 1990 MHz (DL), FDD
Band 3: 1710 to 1785 MHz (UL), 1805 to 1880 MHz (DL), FDD
Band 4: 1710 to 1755 MHz (UL), 2110 to 2155 MHz (DL), FDD
Band 5: 824 to 849 MHz (UL), 869 to 894MHz (DL), FDD
Band 6: 830 to 840 MHz(UL), 875 to 885 MHz (DL), FDD
Band 7: 2500 to 2570 MHz (UL), 2620 to 2690 MHz(DL), FDD
Band 8: 880 to 915 MHz (UL), 925 to 960 MHz (DL), FDD
Band 9: 1749.9 to 1784.9 MHz (UL), 1844.9 to 1879.9 MHz (DL), FDD
Band 10: 1710 MHz to 1770 MHz (UL), 2110 to 2170 MHz (DL), FDD
Band 11: 1427.9 to 1447.9 MHz (UL), 1475.9 to 1495.9 MHz (DL), FDD
Band 12: 699 to 716 MHz (UL), 729 to 746 MHz (DL), FDD
Band 13: 777 to 787 MHz (UL), 746 to 756 MHz (DL), FDD
Band 14: 788 to 798 MHz (UL), 758 to 768 MHz (DL), FDD
Band 15: Reserved (UL), Reserved (DL), FDD
Band 16: Reserved (UL), Reserved (DL), FDD
Band 17: 704 to 716 MHz (UL), 734 to 746 MHz (DL), FDD
Band 18: 815 to 830 MHz (UL), 860 to 875 MHz (DL), FDD
Band 19: 830 to 845 MHz (UL), 875 to 890 MHz (DL), FDD
Band 20: 832 to 862 MHz (UL), 791 to 821 MHz (DL), FDD
Band 21: 1447.9 to 1462.9 MHz (UL), 1495.9 to 1510.9 MHz (DL), FDD
Band 22: 3410 to 3490 MHz (UL), 3510 to 3590 MHz (DL), FDD
Band 23: 2000 to 2020 MHz (UL), 2180 to 2200 MHz (DL), FDD
Band 24: 1626.5 to 1660.5 MHz (UL), 1525 to 1559 MHz (DL), FDD
Band 25: 1850 to 1915 MHz (UL), 1930 MHz to 1995 MHz (DL), FDD
Band 26: 814 to 849 MHz (UL), 859 to 894 MHz (DL), FDD
Band 27: 807 to 824 MHz (UL), 852 to 869 MHz (DL), FDD
Band 28: 703 to 748 MHz (UL), 758 to 803 MHz (DL), FDD
Band 29: N/A (UL), 717 to 728 MHz (DL), FDD2
Band 30: 2305 to 2315 MHz (UL), 2350 to 2360 MHz (DL), FDD
Band 31: 452.5 to 457.5 MHz (UL), 462.5 to 467.5 MHz (DL), FDD
Band 32: N/A (UL), 1452 to 1496 MHz (DL), FDD2
Band 33: 1900 to 1920 MHz (UL), 1900 to 1920 MHz (DL), TDD
Band 34: 2010 to 2025 MHz (UL), 2010 to 2025 MHz (DL), TDD
Band 35: 1850 to 1910 MHz (UL), 1850 to 1910 MHz (DL), TDD
Band 36: 1930 to 1990 MHz (UL), 1930 to 1990 MHz (DL), TDD
Band 37: 1910 to 1930 MHz (UL), 1910 to 1930 MHz (DL), TDD
Band 38: 2570 to 2620 MHz (UL), 2570 to 2620 MHz (DL), TDD
Band 39: 1880 to 1920 MHz (UL), 1880 to 1920 MHz (DL), TDD
Band 40: 2300 to 2400 MHz (UL), 2300 o 2400 MHz (DL), TDD
Band 41: 2496 to 2690 MHz (UL), 2496 to 2690 MHz (DL), TDD
Band 42: 3400 to 3600 MHz (UL), 3400 to 3600 MHz (DL), TDD
Band 43: 3600 to 3800 MHz (UL), 3600 to 3800 MHz (DL), TDD
Band 44: 703 to 803 MHz (UL), 703 to 803 MHz (DL), TDD

CdmaOne
US, Korea: 824 to 849 MHz (MS Tx), 869 to 894 MHz (BS Tx)
Japan: 887 to 925 MHz (MS Tx), 832 to 870 MHz (BS Tx)
US: 1850 to 1910 MHz (MS Tx), 1930 to 1990 MHz (BS Tx)
Korean: 1750 to 1780 MHz (MS Tx), 1840 to 1870 MHz (BS Tx)
  CDMA2000
Band Class 0: 815 to 849 MHz (MS Tx), 860 to 894 MHz (BS Tx)
Band Class 1: 1850 to 1910 MHz (MS Tx), 1930 to 1990 MHz (BS Tx)
Band Class 2: 872 to 915 MHz (MS Tx), 917 to 960 MHz (BS Tx)
Band Class 3: 887 to 925 MHz (MS Tx), 832 to 870 MHz (BS Tx)
Band Class 4: 1750 to 1780 MHz (MS Tx), 1840 to 1870 MHz (BS Tx)
Band Class 5: 410 to 484 MHz (MS Tx), 420 to 494 MHz (BS Tx)
Band Class 6: 1920 to 1980 MHz (MS Tx), 2100 to 2170 MHz (BS Tx) 
Band Class 7:  776 to 788 MHz (MS Tx), 746 to 758 MHz (BS Tx)
Band Class 8: 1710 to 1785 MHz (MS Tx), 1805 to 1880 MHz (BS Tx)
Band Class 9: 880 to 915 MHz (MS Tx), 925 to 960 MHz (BS Tx)
Band Class 10: 806 to 901 MHz (MS Tx), 851 to 940 MHz (BS Tx) 
Band Class 11: 410 to 484 MHz (MS Tx), 420 to 494 MHz (BS Tx)
Band Class 12: 870 to 876 MHz (MS Tx), 915 to 921 MHz (BS Tx)
Band Class 13: 2500 to 2570 MHz (MS Tx), 2620 to 2690 MHz (BS Tx)
Band Class 14: 1850 to 1915 MHz (MS Tx), 1930 to 1995 MHz (BS Tx)
Band Class 15: 1710 to 1755 MHz (MS Tx), 2110 to 2155 MHz (BS Tx)
Band Class 16: 2502 to 2568 MHz (MS Tx), 2624 to 2690 MHz (BS Tx)
Band Class 18: 787 to 799 MHz (MS Tx), 757 to 769 MHz (BS Tx)
Band Class 19: 698 to 716 MHz (MS Tx), 728 to 746 MHz (BS Tx)
Band Class 20: 1626 to 1661 MHz (MS Tx), 1525 to 1559 MHz (BS Tx)
Band Class 21: 2000 to 2020 MHz (MS Tx), 2180 to 2200 MHz (BS Tx)

380 to 390 MHz (MS)
390 to 400 MHz (BS)
410 to 420 MHz (MS)
420 to 430 MHz (BS)
450 to 460 MHz (MS)
460 to 470 MHz (BS)
870 to 915 MHz (MS)
915 to 950 MHz (BS)

700/800 MHz public safety band:
764 to 869 MHz
Future releases will operate on:
380 to 470 MHz (UHF range 1)
450 to 520 MHz (UHF range 2)
136 to 154 MHz (VHF sub range)
150 to 174 MHz (VHF sub range)

EPC Class 1 Generation 2 UHF, 
 860 to 960 MHz
ISO 18000-6 Type-A/B: 860-960 MHz
ISO 18000-4 Mode-1: 2.4 to 2.4835 GHz   
(ISM)
Default operating frequency: 2.45 GHz
ISO 18092: 13.56 MHz

EMVCo, NFC Forum, ISO 
14443, ISO 18092, ISO 15693, 
ISO 18000-3: 13.56 MHz

IEEE 802.15.4:
868 MHz (Europe)
915 MHz (United states)
2.4 GHz (ISM-World-wide)
IEEE 802.15.4g:
Frequency bands from 450 MHz 
to 2.4 GHz

2.4 to 2.4835 GHz (ISM) b/g: 
 2.4 to 2.4835 GHz (ISM)
802.11a/h/j: 
 4.9 to 5 GHz (Japan)
 5.03 to 5.091 GHz (Japan)
 5.15 to 5.35 GHz (UNII)
 5.49 to 5.725 GHz (UNII)
 5.735 to 5.835 GHz (ISM, UNII)
802.11n: 
 2.4 to 2.4835 GHz (ISM)
 5.15 to 5.35 GHz (UNII)
 5.49 to 5.725 GHz (UNII)
 5.735 to 5.825 GHz (ISM, UNII)
802.11ac:
 5.15 to 5.35 GHz (UNII)
 5.49 to 5.725 GHz (UNII)
 5.735 to 5.825 GHz (ISM, UNII)
802.11af:
 470-698 MHz (UHF)
 40-230 MHz (VHF)
802.11ah: (Draft): <1GHz

802.11ad:
57.05 to 64 GHz (US and Canada),
57 to 64 GHz (European Union),
57 to 64 GHz (South Korea),
59 to 66 GHz (Japan),
59.04 to 62.9 GHz (Australia),
59 to 64 GHz (China)
802.11aj: (China) 43.5 to 47 GHz
59 to 64 GHz

Licensed/unlicensed bands,
2 to 11 GHz 
(Typical: 2.3, 2.5, 3.5 GHz)          

L1: 1575.42 MHz
L2: 1227.60 MHz
L3: 1381.05 MHz
L4: 1379.913 MHz
L5: 1176.45 MHz

L1: 1602.00 MHz
L2: 1246.00 MHz
L3: 1202.25 MHz

E1: 1575.42 MHz
E5: 1191.795 MHz
E5a: 1176.450 MHz
E5b: 1207.140 MHz
E6: 1278.75 MHz

B1I: 1561.098 MHz
B1II: 1589.742 MHz 
B2: 1207.140 MHz
B3: 1268.520 MHz

Radio TechnologyMany new technologies are being 
investigated including beamforming, 
beam steering, massive MIMO and 
non-orthogonal signaling.

Time domain mutiple access (TDMA) and 
Frequency domain multiple access (FDMA) with 
Frequency division duplex (FDD)

Code domain multiple access 
(CDMA) with FDD

CDMA with FDD TDMA and CDMA with TDD OFDMA and SC-FDMA OFDMA, SC-FDMA and 
Clustered SC-FDMA

cdmaOne and cdma2000: CDMA
1xEV-DO: TDMA/CDMA

TDMA FDMA  (Phase 1)
TDMA  (Phase 2)

TDMA/FDMA Electromagnetic coupling CSMA-CA
(carrier sense multiple access-
collision avoidance)

TDMA CSMA-CA TDD Fixed access: FDD, TDD
Mobile access: FDD/HFDD, 
TDD, OFDMA

CDMA FDMA or CDMA CDMA CDMA

Modulation and 
Filter Type

Under investigation �*�6�0���*�3�5�6�����*�0�6�.���Z�L�W�K���*�D�X�V�V�L�D�Q���o���O�W�H�U�����%�7����������
EDGE/EGPRS: 3�S/8 shift 8PSK with Linearized 
�*�D�X�V�V�L�D�Q���o���O�W�H�U�����%�7����������
EDGE Evolution/EGPRS2: �S/4-shift 16QAM, -�S/4-shifted 
32QAM, 3�S/8-shifted QPSK with narrow or wide pulse 
�V�K�D�S�L�Q�J���o���O�W�H�U������

�+�3�6�.���Z�L�W�K���5�5�&���o���O�W�H�U�����D = 0.22),
1 bit/symbol (UL)
�4�3�6�.���Z�L�W�K���5�5�&���o���O�W�H�U�����D = 0.22),
2 bits/symbol (DL)

3GPP Rel-6 
DL: QPSK, 16QAM  
UL: HPSK
3GPP Rel-7, 8  
DL: QPSK, 16QAM, 64QAM
UL: HPSK, 16QAM

�5�5�&���o���O�W�H�U�����D = 0.22)
UL: QPSK, 16QAM (TD-HSUPA), 
DL: QPSK, 16QAM (TD-HSDPA), 
64QAM (TD-HSPA+)     

�4�3�6�.���������4�$�0���������4�$�0�����Q�R���o���O�W�H�U���G�H�o���Q�H�G���E�\���V�W�D�Q�G�D�U�G�����D�S�S�O�L�H�V���W�R���/�7�(���D�Q�G��
LTE-Advanced)

cdmaOne: Chebychev low pass (FIR)
OQPSK, 1 bit/symbol (RL) QPSK, 1 bit/symbol (FL)
cdma2000: Chebychev low pass (FIR)
QPSK/HPSK, 2 bits/symbol (RL) 
QPSK, 2 bits/symbol (FL)
1xEV-DO: Chebychev low pass (FIR) 
QPSK/HPSK, 8PSK, 3 bits/symbol (RL) 
QPSK, 8PSK,16QAM, 64QAM (FL)

�5�5�&���o���O�W�H�U�����D = 0.35)
TETRA:  �S/4 DQPSK
(differential QPSK)
TEDS: M-4QAM, M-16QAM, 
M-64QAM

CQPSK, C4FM (Phase 1)
H-CPM, H-DQPSK (Phase 2)

EPC Class 1 Generation 2 UHF:
DSB-ASK, SSB-ASK, PR-ASK (R�o T)
ASK or PSK (backscatter) (T�o R)
ISO 18000-4 Mode-1:
ASK (index = 99%) (R�o T)
ASK (backscatter) (T�o R)
ISO 18000-6 Type-A:
ASK (index = 30%) (R�o T)
ASK (backscatter) (T�o R)
ISO 18000-6 Type-B:
ASK (index = 11% or 99%) (R�o T)
ASK (backscatter) (T�o R)
ISO 18092: passive
ASK (index = various), OOK (R�o T)
ASK (backscatter) (T�o R)
ISO 18092: active
ASK (index = various), OOK

Passive communication mode:
10% ASK
Active communication mode:
10% or 100% ASK (data 
transfer rate dependent)

IEEE 802.15.4:
868/915 MHz: BPSK/
ASK(optional)/O-QPSK(optional) 
�Z�L�W�K���5�5�&���o���O�W�H�U
2450 MHz: O-QPSK with half-
�V�L�Q�H���S�X�O�V�H���V�K�D�S�L�Q�J���o���O�W�H�U
IEEE 802.15.4g:
MR-FSK
MR-OFDM
MR-OQPSK

Bluetooth 1.2: GFSK with 
bandwidth time (BT) product 
= 0.5
Bluetooth EDR: �S/4 DQPSK
and 8DPSK (differential PSK); 
Bluetooth low energy: GFSK

�E�����*�D�X�V�V�L�D�Q���R�U���Y�H�Q�G�R�U���V�S�H�F�L�o���F
a/g/h/j/n: Rectangular or  
�� �Y�H�Q�G�R�U���V�S�H�F�L�o���F
b: Differential BPSK/QPSK
 (DBPSK/DQPSK) for 1 and  
 2 Mbps data rates; CCK with  
 DQPSK modulation for 5.5 and  
 11 Mbps data rates
a/g/h/j: up to 64QAM on
 52 OFDM subcarriers
n: up to 64QAM on 56 or 114  
 OFDM subcarriers
ac: up to 256QAM on 56, 114,  
 242, or 484 OFDM subcarriers
af: up to 256QAM based on 
 802.11ac PHY
ah: up to 256QAM based on  
802.11ac/n PHY

WirelessHD with 3 PHY modes: High rate   
 PHY: RS and CC FEC, 512 OFDM with 
 336 QPSK, 16QAM or 64QAM data carriers,   
16 travelling BPSK pilots 
Medium rate PHY: RS and CC FEC, 256 OFDM   
with 168 QPSK, 16QAM data carriers, 
 8 travelling BPSK pilots
Low-rate PHY: RS and CC FEC, 128 OFDM, 
�� �������%�3�6�.���G�D�W�D���F�D�U�U�L�H�U�V���������o���[�H�G���%�3�6�.���S�L�O�R�W�V
WiGig/802.11ad with 4 PHY modes:   
 Control PHY: LDPC FEC, 32x spreading, 
 �S/2-DBPSK  
Single-carrier PHY: LDPC, optional 2x repetition, 
�S/2-BPSK, �S/2-QPSK, or �S/2-16QAM
OFDM PHY: LDPC FEC, 512-OFDM with   
 336 SQPSK, QPSK, 16QAM or 64QAM data   
�F�D�U�U�L�H�U�V�����������o���[�H�G���%�3�6�.���S�L�O�R�W�V
Low power single carrier PHY: RS (224,208) plus   
BC FEC,  �S/2-BPSK or �S/2-BPSK

Fixed access: OFDM with 
BPSK, QPSK, 16QAM, 64QAM
Mobile access: OFDMA with 
BPSK, QPSK, 16QAM, 64QAM

BPSK, QPSK or BOC BPSK CBOC, AltBOC BPSK

Channel Spacing/
Bandwidth

Under investigation including from .5 to 
3 GHz

200 kHz 5 MHz 5 MHz 1.6 MHz 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 
15 MHz, 20 MHz

Up to 100 MHz with carrier 
aggregation

1.23 MHz (U.S. cellular band)
1.25 MHz (other bands)

25 kHz 12.5 kHz and 6.25 kHz EPC Class 1 Generation 2 UHF,
ISO 18000-6 Type-A/B: local regulations
ISO 18000-4 Mode-1: 500 kHz (US)
ISO 18092: n/a

ISO18092: n/a IEEE 802.15.4:
868/915 MHz: 2 MHz
2.4 GHz: 5 MHz
IEEE 802.15.4g:
Varied from 12.5 kHz to 5 MHz, 
depending on frequency band 
and modulation type

Legacy Bluetooth: 1 MHz 
frequency hopping
Low Energy Bluetooth: 2 MHz 
frequency hopping

b: 25/10 MHz North America,  
 30/10 MHz Europe (non- 
 overlapping/overlapping) 
g: 25 MHz, a/h: 20 MHz
j: 20/10 (optional) MHz 
n: 20/40 (regional) MHz
ac: 20, 40, 80, 160 MHz 
af: 6,7,8 MHz
ah: 1,2,4,8,16 MHz

Up to 4 channels, each 2.16 GHz wide
Modulation bandwidth 1.76 GHz for single carrier 
modes, 1.825 GHz for OFDM modes 
802.11 aj (China):
2.16 GHz channel can be divided to 1.08, 0.54 
and 0.27 GHz

1.25 to 20 MHz;
40 MHz optional for 802.16m
(Typical: 5, 7, 8.75, 10 MHz)

Mainlope 2.046 MHz and 
with a total protected 
bandwidth of 24 MHz for L1

0.5625 MHz for each channel 
and total occupy 7.875 MHz

Mainlope is occupied in 4.092 
MHz and a total protected 
bandwidth for 32 MHz for E1

Bandwidth (1 dB): 4.092 MHz 
Bandwidth (3 dB): 16 MHz

Symbol Rate/Chip 
Rate

Under investigation 270.833 ksps
EDGE Evolution: 325 ksps

3.84 Mcps 3.84 Mcps 1.28 Mcps 12 kHz/14 kHz per 15 kHz carrier
(6 or 7 symbols per 0.5 ms slot)

1.2288 Mcps TETRA: 18 ksps
TEDS: 64 ksps

4.8 ksym/s (Phase 1)
12 ksym/s (Phase 2)

IEEE 802.15.4:
868/915 MHz: 20, 40 ksps
2.4 GHz: 62.5 ksps /2 Mcps
IEEE 802.15.4g:
Varied from 4.8  kbps to 1 Mbps, 
depending on frequency band 
and modulation types

Basic Rate and Low Energy: 
1 Msps
EDR: 2 to 3 Mbps

b: 11 Mcps
a/g/h: 250 ksps
j: 125 ksps
n/ac: 250 ksps

WirelessHD: 4.40625 Msym/s.
WiGig/802.11ad 1.76 Gsym/s for single 
carrier modes, 4.125 Msym/s for OFDM modes

Fixed access: 5.5-87 ksps
Mobile access: 7.0-14 ksps

1.023 Mcps, 0.5115 Mcps or 
10.23 Mcps

0.5115 kcps 1.023 Mcps or 10.23 Mcps 2.046 Mchips/s  or 10.23 
Mchips/s

Peak Single User 
Data Rate

100 Gbps GSM: 14.4 kbps
GPRS: 171.2 kbps (DL, 21.4 kbps with 8 slots) 
 128.4 kbps (UL, 6 slots)
EDGE: 473.6 kbps (DL, 59.2 kbps with 8 slots) 
 355.2 kbps (UL, 59.2 kbps with 6 slots) 
EDGE Evolution: 1.89 Mbps (DL) 1.42 Mbps (UL)

384 kbps DL and UL HSDPA (DL): 14.4 Mbps (16QAM, 
  15 HS-PDSCHs)
HSUPA (UL): 5.76 Mbps (2 ms TTI)
HSPA+ (DL): 336 Mbps (64QAM,
  eight cells and MIMO)
HSPA+ (UL): 23 Mbps (16QAM, 
  two cells)

TD-SCDMA: 384 kbps
TD-HSDPA (DL): 2.8 Mbps
TD-HSUPA (UL): 2.2 Mbps
TD-HSPA+: 8.4 Mbps (DL) (2x2 MIMO, 
64QAM)

DL: 300 Mbps (20 MHz, 64QAM, 
4x4 MIMO)
UL: 75 Mbps (20 MHz, 64QAM)  

DL: 1 Gbps (4x4 MIMO,  
> 70 MHz transmission BW 
as one of many possible 
�F�R�Q�o���J�X�U�D�W�L�R�Q�V��
UL: 500 Mbps

95A: 14.4 kbps
95B: 56 kbps
cdma2000
 Up to 307.2 kbps (FL/RL)
1xEV-DO
Rel. 0: Up to 2.45 Mbps (FL)
 Up to 153.6 kbps (RL)
Rev. A: Up to 3.1 Mbps (FL)
 Up to 1.8 Mbps (RL)
Rev. B: Up to 14.7 Mbps (1xEV-DO) or up to 73.5 Mbps 
 (15xEV- DO in 20 MHz) (FL) 
  Up to 5.4 Mbps (1xEV-DO) or up to 27.6 Mbps 
  (15xEV-DO in 20 MHz) (RL)

TETRA: 28.8 kbps with no
protection
TEDS: 384 kbps

9.6 kbps (Phase 1)
12 kbps (Phase 2)

EPC Class 1 Gen 2 UHF: 
 26.7 kbps to 128 kbps (pulse interval encoding)  
 (R�oT)
 40 kbps to 640 kbps (FM0 encoding)
 5 kbps to 320 kbps (Miller-mod SC)
ISO 18000-4 Mode-1: 
 30 to 40 kbps (Manchester encoding) (R�oT)
 30 to 40 kbps (FM0 encoding) (T�oR)
ISO 18000-6 Type-A: 
 33 kbps (pulse interval encoding) (R�oT)
 40 kbps (FM0 encoding) (T�oR)
ISO 18000-6 Type-B: 
 10 kbps or 40 kbps (Manchester encoding) (R�oT)
 40 kbps (FM0 encoding) (T�oR)
ISO 18092: 
 Passive: 106 kbps to 424 kbps
 Active: 106 kbps to 6670 kbps

Current data rates: 106 kbps, 
212 kbps, 424 kbps, 848 kbps 
New very high rates planned up 
to 6.8Mbps.

20 to 250 kbps, depending on
frequency band

Bluetooth basic rate: 1 Mbps
Bluetooth EDR: 2 to 3 Mbps; 
Bluetooth LE: 1 Mbps

b: 11 Mbps
a/g/h/j: 54 Mbps
n: 72.2 Mbps for 20 MHz with 
 1 Tx, up to 600 Mbps for 
 40 MHz with 4 Tx
ac: 86.7 Mbps for 20 MHz with  
 1 Tx, up to 6.9 Gbps for 
 160 MHz with 8 Tx
af: 26.7 Mbps for 6 MHz, up  
 to 569 Mbps for 8MHz with 
 4 channel bonding
ah: 4 Mbps for 1 MHz with 1 Tx,  
 up to 156 Mbps with 16 MHz  
 and 2 Tx

WirelessHD: 7138 Mbps (64QAM OFDM with one 
Tx in one 2.16 GHz channel.  
�$�O�V�R���V�S�H�F�L�o���H�V�������[�������0�,�0�2���P�R�G�H���I�R�U���X�S���W�R����������������
Gbps (theoretical).  
WiGig/802.11ad: 6756.75 Mbps (64QAM OFDM 
with one Tx in one 2.16 GHz channel)

16e: Up to 63 Mbps 
(10 MHz, 2x2 MIMO)
16m: Up to 300 Mbps 
(20 MHz, 4x4 MIMO)

50 bits/s 50 bits/s 250 bits/s 50 bits/s for D1 navigation 
message
500 bits/s for D2 navigation 
message

Primary Service Networked society: everything, 
everywhere and always connected 

High-mobility cellular
GSM: Voice, SMS and circuit switched data
GPRS and EDGE: Packet switched data
EDGE Evolution: High speed packet data

High-mobility cellular
voice, SMS, circuit and packet
switched data

High-mobility cellular
High-speed packet data

High-mobility data
and voice

High data rate for downlink and 
uplink
�*�U�H�D�W�H�U���V�S�H�F�W�U�X�P���H�I�o���F�L�H�Q�F�\
Less latency
High mobility
Co-existence with legacy 
standards

Meet ITU-R 4G IMT-Advanced 
requirements: WW functionality,
roaming, compatibility of sevices, 
working with WW radio access 
systems,data rates for advanced 
services and applications (100 Mbps for 
high mobility, 1 Gbps for low mobility)

cdmaOne: High-mobility cellular data and voice
cdma2000: High-mobility data and voice
1xEV-DO: Always-on mobile packet data

Instant communication for 
PMR (private mobile radio) 
and PAMR (public access 
mobile radio)

Instant communications for 
private and public access mobile 
radio networks, with trunked 
and conventional radio operation

�,�G�H�Q�W�L�o���F�D�W�L�R�Q�����S�U�R�G�X�F�W���W�U�D�F�N�L�Q�J�����L�Q�Y�H�Q�W�R�U�\��
management, electronic toll collection, remote 
data collection

Mobile and contactless pay-
ment, Healthcare applications, 
Retail services like coupons, 
keyless car, and data transmis-
sion betweenelectronic de-
vices brought in close proximity 
(touching to a few centimeters)

IEEE 802.15.4:
Home control,
building automation,
industrial automation
IEEE 802.15.4g:
Smart grid utility network

Low-mobility data, voice and 
ultra low power devices

Low-mobility data Short-range data “Last mile”, backhaul, and 
mobile broadband wireless 
access

Position based service, 
velocity testing and accuate 
timing 

Position based service, velocity 
testing and accuate timing 

Position based service, velocity 
testing and accuate timing 

Position based service, velocity 
testing and accuate timing 

Packet or Circuit 
Switched

Packet Switched GSM: Circuit switched
GPRS/EGPRS/EDGE evolution: Add packet switched

Circuit switched and 
Packet switched

Packet switched Circuit switched and 
Packet switched

Packet switched only Packet switched only 95A: Circuit switched
95B and cdma2000: Circuit switched and
Packet switched
1xEV-DO: Packet switched

Circuit switched and 
Packet switched

Circuit switched and 
Packet switched

Packet based Packet based Packet based Packet switched or synchronousPacket switched Packet switched Packet switched Not applicable Not applicable Not applicable Not applicable 

Speech Codec Full rate = RPE-LTP 13 kbps
Half rate = VSELP 5.6 kbps
(vector sum excited linear predictor)
Enhanced full rate = ACELP 12.2 kbps
(algebraic code excited linear pred.)
Adaptive multi-rate (full and half rates)

Aaptive multi-rate (AMR),
wideband adaptive multi-rate
(WB-AMR)

China: Full rate,
enhanced full rate, or half rate
3GPP: Adaptive multi-rate

Adaptive multi-rate (AMR); AMR-
wideband (AMR-WB), also known 
as HD voice

Adaptive multi-rate (AMR); AMR-
wideband (AMR-WB), also known as 
HD voice

cdmaOne: 13 kbps variable rate CELP; 8 kbps variable rate EVRC
cdma2000: 8 kbps variable rate CELP; 13 kbps variable rate CELP; 
  8 kbps variable rate EVRC/EVRC-B, 13 kbps variable rate EVRC-WB
1xEV-DO: No circuit switched voice, VOIP 

 ACELP IMBE Log PCM or CVSD
(continuous variable slope delta)

Not applicable Not applicable Not applicable Not applicable

Enhancements/
Remarks

Additional goals of 1 msec latency, low 
cost and low energy

3GPP Release updates:
Rel-96: GSM
Rel-97: GPRS
Rel-98: EDGE - BSS and NSS, picocells
Rel-7 in Dec 2007: EDGE Evolution
Rel-9 in Jun 2010: GSM VAMOS
Rel-10 in 2011: TIGHTER

3GPP Release updates:
Rel-99 in Mar 2000: W-CDMA 
 (FDD and TDD)

3GPP Release updates:
Rel-5 in Jun 2002: HSDPA
Rel-6 in Mar 2005: HSUPA (E-DCH)
Rel-7 in Dec 2007: HSPA+(64QAM
  DL, MIMO DL,16QAM UL)
Rel-8 in Dec 2008: DC-HSDPA
Rel-9 in Dec 2009: DC-HSUPA, 
  DC-HSDPA + MIMO
Rel-10 in 2011: 4C-HSDPA
Rel-11 in 2013: 8C-HSDPA, HSUPA    
  MIMO with 64QAM
The peak data rates require
  exceptional signal-to-noise ratio.

3GPP Release updates:
Rel-4 in Mar 2001: 
Basic 1.28 Mcps TDSCDMA
Rel-5 in Jun 2002: HSDPA (Hybrid 
  ARQ,16QAM)
Rel-6 in Mar 2005: MSBS
Rel-7 in Dec 2007: HSUPA (Hybrid 
  ARQ,16QAM)
Rel-8 in Dec 2008: HSPA+ (2x2MIMO,
  64QAM, CPC, Enhanced Cell_FACH)
Rel-10 in 2011: multi-carrier HSUPA,   
  MU-MIMO

3GPP Release updates:
Rel-7 in Dec 2007: LTE and SAE  
  feasibility study 
Rel-8 in Dec 2008: LTE work 
  item – OFDMA/SC-FDMA air 
  interface, SAE work item – new 
  IP core network
Rel-9 in Dec 2009: Multi-
  standard radio (MSR) MBMS, 
  Dual-layer beamforming, LTE  
  SON, femtocells 

3GPP Release updates:
Rel-9 in Dec 2009: LTE-Advanced   
  feasibility study
Rel-10 in March 2011: LTE-Advanced 
  (4G) work item, CoMP study
Rel-11 in Sept 2012: CoMP, eDL MIMO, 
  eCA, MIMO OTA, HSUPA TxD & 
  64QAM MIMO, HSDPA 8C & 4x4 
  MIMO, MB MSR
Rel-12 in Sept 2014: 3-carrier DL CA, 
  LTE-Direct, Active Antenna Systems, 
  small cells
Rel-13 in Dec 2015 (preliminary): Being 
�����G�H�o���Q�H�G���I�U�R�P���6�H�S�W���������������/�7�(���8���D�Q�G��
  4-carrier CA are possible enhancements

cdma2000: Capacity is about 2x TIA/EIA-95B
1xEV-DO: Capacity 6 to 10 x TIA/EIA-95B;
�F�G�P�D�����������L�V���D���U�H�J�L�V�W�H�U�H�G���F�H�U�W�L�o���F�D�W�L�R�Q���P�D�U�N���R�I���W�K�H���7�H�O�H�F�R�P�P�X�Q�L�F�D�W�L�R�Q�V��
Industry Association; used under license.

Used mostly by public 
service,health and safety, 
emergency, and security per-
sonnel, and also construction
and transport industries;
TEDS (TETRA release 2) 
increases user data rates up 
to 400 kbps

Standards also support PMR 
to ease transition to digital 
operation.
Phase 2 introduces 2-slot TDMA

(R�oT) = Interrogator-to-tag
(T�oR) = Tag-to-interrogator

Incorporates existing RF 
standards including ISO/IEC 
14443A, ISO/IEC 14443B, and 
FeliCa as outlined in ISO 18092        

ZigBee uses IEEE 802.15.4 PHY 
layer; designed to support very 
low power standby modes and 
mesh networking.
IEEE 802.15.4g is the amend-
ment and extension of IEEE 
802.15.4 standard and is mainly 
used for smart grid systems.

Bluetooth Smart and Bluetooth 
Smart Ready
logos are trademarks owned
by Bluetooth SIG

�:�L���)�L���$�O�O�L�D�Q�F�H���F�H�U�W�L�o���H�V��
802.11a/b/g/n/ac. 802.11 
standards share a similar 
MAC. DFS (dynamic frequency 
selection) and TPC (transmit 
power control) are needed for 
operation in parts of 5 GHz 
�E�D�Q�G�����������������D�F���L�V���o���Q�D�O�L�]�H�G���D�Q�G��
requires support of 20, 40, and 
80 MHz bandwidths. Optional 
features include 256QAM, 
160 MHz BW, up to 8x8 MIMO, 
and MU MIMO

�:�L�U�H�O�H�V�V�+�'���&�R�Q�V�R�U�W�L�X�P���L�Q�W�U�R�G�X�F�H�G���o���U�V�W��
commercial devices for HD multimedia links in 
2009. WiGig developed the 60 GHz MAC/PHY 
modem which has since been adopted by 
IEEE TGad for use in Wi-Fi applications that 
�Z�L�O�O���E�H���F�H�U�W�L�o���H�G���E�\���:�L���)�L���$�O�O�L�D�Q�F�H�����:�L�*�L�J���L�V���D�O�V�R��
developing protocol adaptation layers that will 
allow the same 60 GHz radio technology to 
support wireless versions of DisplayPort, 
HDMI, PCIe, USB, SDIO

The WiMAX Forum® has de-
�o���Q�H�G���V�S�H�F�L�o���F���S�U�R�o���O�H�V���D�Q�G���U�D�G�L�R��
conformance tests based on 
�W�K�H���,�(�(�(�����������������������������o���[�H�G����
standard, and Release 1 of the 
�P�R�E�L�O�H���V�\�V�W�H�P���S�U�R�o���O�H�V���E�D�V�H�G��
on the 802.16e-2005 standard. 
�$�G�G�L�W�L�R�Q�D�O���S�U�R�o���O�H�V���D�U�H���5�H�O�H�D�V�H��
1.5 based on 802.16-2009 
standard and Release 2 based 
on 802.16m. 

New GPS Block IIF and 
Block III will be launched 
to improve clock accuracy, 
increase signal power and 
provide addiational signals

New GLONASS-K satellites 
will be launched with CDMA 
modulation

Standards 
Development 
Organization

�7�R���E�H���G�H�o���Q�H�G Early GSM and GPRS: ETSI www.etsi.org 
3GPP www.3gpp.org

3GPP
www.3gpp.org

3GPP
www.3gpp.org

3GPP/CCSA
www.ccsa.org.cn
www.3gpp.org

3GPP 
www.3gpp.org

3GPP 
www.3gpp.org

3GPP2
www.3gpp2.org

ETSI
www.etsi.org
www.tetramou.com

TIA Committee
www.tiaonline.org

EPC Class 1 Gen 2 UHF: EPC Global
ISO standards: ISO
www.epcglobalinc.org
www.iso.org

ISO/IEC: www.iso.org
NFC Forum: www.nfc-forum.
org, EMVCo at www.emvco.org

ZigBee Alliance and IEEE:
www.zigbee.org
www.ieee802.org/15
Wi-SUN Alliance: 
www.wi-sun.org

Bluetooth special interest
group (SIG) and IEEE
www.bluetooth.org
www.ieee802.org/15

IEEE
�Z�Z�Z���Z�L���o�����R�U�J
www.ieee802.org/11

WirelessHD Consortium: www.wirelesshd.org
Wireless Gigabit Alliance: www.wigig.org 
IEEE: www.ieee.org

IEEE 
www.ieee.org

Developed and operated by 
United States Department of 
Defense (DoD)

Operated by Russian Aerospace 
Defense Forces

European Union and European 
Space Agency

�&�K�L�Q�D���6�D�W�H�O�O�L�W�H���1�D�Y�L�J�D�W�L�R�Q���2�I�o���F�H

*As of August 2014      WiMAX, Mobile WiMAX or WiMAX Forum are trademarks of the WiMAX Forum
Technical data subject to change. © �.�H�\�V�L�J�Kt Technologies, Inc. 2006-14. Printed in USA, September 25, 2014  5989-5539EN 
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The right tools for the right technology

Design and Simulation, Logic Analyzers, Network Analyzers, Oscilloscopes, Power Meters and Sensors, 
Power Supplies and Sources, Signal Analysis, Signal Generation, Test Sets, Specialty Test

Keysight products cover the intricacies of design, integration, 
interoperability, manufacturing and installation. Reliable hard-
ware and personalized software cover the spectrum of wireless 
connectivity technologies - from WLAN (and its many renditions) 
to WiMAX, MIMO, RFID, NFC, Bluetooth, UWB and Zigbee.

Accelerate next-generation wireless
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For more information on Keysight 
Technologies’ products, applications or 
services, please contact your local Keysight 
office. The complete list is available at:
www.keysight.com/find/contactus

Americas 
Canada (877) 894 4414
Brazil 55 11 3351 7010
Mexico 001 800 254 2440
United States (800) 829 4444

�$�V�L�D���3�D�F�L�o�F
Australia 1 800 629 485
China 800 810 0189
Hong Kong 800 938 693
India 1 800 11 2626
Japan 0120 (421) 345
Korea 080 769 0800
Malaysia 1 800 888 848
Singapore 1 800 375 8100
Taiwan 0800 047 866
Other AP Countries (65) 6375 8100

Europe & Middle East
Austria 0800 001122
Belgium 0800 58580
Finland 0800 523252
France 0805 980333
Germany 0800 6270999
Ireland 1800 832700
Israel 1 809 343051
Italy 800 599100
Luxembourg +32 800 58580
Netherlands 0800 0233200
Russia 8800 5009286
Spain 800 000154
Sweden 0200 882255
Switzerland 0800 805353

Opt. 1 (DE)
Opt. 2 (FR)
Opt. 3 (IT)

United Kingdom 0800 0260637

For other unlisted countries:
www.keysight.com/find/contactus
(BP-04-23-15)
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myKeysight

www.keysight.com/find/mykeysight
A personalized view into the information most relevant to you.

www.axiestandard.org

AdvancedTCA® Extensions for Instrumentation and Test (AXIe) is an 
open standard that extends the AdvancedTCA for general purpose and 
semiconductor test. Keysight is a founding member of the AXIe consortium. 
ATCA®, AdvancedTCA®, and the ATCA logo are registered US trademarks of 
the PCI Industrial Computer Manufacturers Group. 

www.lxistandard.org

LAN eXtensions for Instruments puts the power of Ethernet and the 
Web inside your test systems. Keysight is a founding member of the LXI 
consortium.

www.pxisa.org

PCI eXtensions for Instrumentation (PXI) modular instrumentation delivers a 
rugged, PC-based high-performance measurement and automation system.

Three-Year Warranty

www.keysight.com/find/ThreeYearWarranty
Keysight’s commitment to superior product quality and lower total cost 
of ownership. The only test and measurement company with three-year 
warranty standard on all instruments, worldwide.

Keysight Assurance Plans

www.keysight.com/find/AssurancePlans
Up to five years of protection and no budgetary surprises to ensure your 
instruments are operating to specification so you can rely on accurate 
measurements.

www.keysight.com/go/quality

Keysight Technologies, Inc.
DEKRA Certified ISO 9001:2008  
Quality Management System

Keysight Infoline

www.keysight.com/find/service
Keysight’s insight to best in class information management. Free access to 
your Keysight equipment company reports and e-library.

Keysight Channel Partners
www.keysight.com/find/channelpartners
Get the best of both worlds: Keysight’s measurement expertise and product 
breadth, combined with channel partner convenience.

“WiMAX,” “Fixed WiMAX,” “Mobile WiMAX,”“WiMAX Forum,” the WiMAX Forum logo, 
“WiMAX Forum Certified,” and the WiMAX Forum Certified logo are trademarks of the 
WiMAX Forum.

Bluetooth and Bluetooth Logo are trademarks owned by Bluetooth SIG, Inc., U.S.A. and 
licensed to Keysight Technologies.

www.keysight.com/find/wirelessconnectivity


