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WiMAX – an overiew

purpose of last few lectures

• we have looked at different aspects of 
communication systems

• it is useful now to look at one complete 
communication system – for wireless 
broadband

• though you will not understand all parts 
of the system … you will have a good idea 
of the main concepts involved





broadband

• most of the broadband access we use is 
over the fixed network

• some of it is wireless however

• wireless is especially important in terms 
of accessing places that are otherwise 
difficult to access

• this can mean rural areas or indeed urban 
areas in which it may not be possible to 
dig up the roads to lay new cables



wireless  broadband access

1. The first type attempts to provide a set of 
services similar to that of the traditional 
fixed-line broadband but using wireless as the 
medium of transmission. This type, called fixed 
wireless broadband, can be thought of as a 
competitive alternative to DSL or cable modem. 

2. The second type of broadband wireless, called 
mobile broadband, offers the additional 
functionality of portability, nomadicity and 
mobility.

National Broadband Scheme

` The National Broadband Scheme aims to bring broadband 
to rural and low populated areas deemed commercially 
unviable by most telecom operators. 

3 has been appointed as the preferred tenderer

All residential and business premises within the 
National Broadband Scheme coverage area will have 
broadband connectivity by September 2010. 



what are we looking at?

We are going to focus on wireless 
broadband that is provided using a 
standard known as IEEE 802.16. Both fixed 
wireless access standards as well as ones 
that support mobility have been devised.

We often currently mix the terms WiMAX and 
802.16 as WiMAX is the more commercially 
known name.

IEEE 802.16

• In 1998, the Institute of Electrical and 
Electronics Engineers (IEEE) formed a group called 
802.16 to develop a standard for what was called a 
wireless metropolitan area network, or wireless 
MAN. 

• Originally, this group focused on developing 
solutions in the 10GHz to 66GHz band, with the 
primary application being delivering high-speed 
connections to businesses that could not obtain 
fiber. This was a LOS service.

• After completing this standard, the group started 
work on extending and modifying it to work in both 
licensed and license-exempt frequencies in the 
2GHz to 11GHz range, which would enable NLOS 
deployments.le
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metropolitan area network

• Sometimes wireless networks are named 
according to the distances they cover. We 
have BANs – body area networks, PANs -
personal area networks, LANs – local area 
networks and MANs

• The wireless system you use in college is 
a LAN

• Metropolitan area networks link base 
stations in metropolitan areas, up to a 
range of 20 km at present. 



Licensed and Licensed Exempt

Some systems need licenses to operate in. For 
example Vodafone and O2 etc need a license to use 
the spectrum they use. No one else can use their 
spectrum – it is private

License-exempt spectrum can be used by anyone who 
wants (provided some simple rules are followed) 

802.16 has been considered for both scenarios

what are the advantages and 
disadvantages of either options?



LOS and NLOS

• Line-of-sight as the name would suggest 
means that the two transceivers in 
communication with each other must ‘see’
each other to function. At the 10-66 GHz 
range the signals would experience too 
much attenuation to operate under any 
conditions other than line-of-sight.

• Non-line-of-sight means that this is not 
necessary. In the lower frequency range 
there are options for non-line-of-sight 
operation.





So

• The 802.16 tells us how to deliver large 
bandwidth wireless access over long 
distances.

• 802.16 is a PHY and MAC layer 
specification

• There are many different flavours of 
802.16, some suited to FWA and others for 
mobility etc. We will look at these later.



salient features of an 802.16 system

1. OFDM-based physical layer
2. High data rates
3. Scalable bandwidth and data rate support
4. Adaptive modulation and coding (AMC)
5. Link-layer retransmissions
6. Support for TDD and FDD
7. Orthogonal frequency division multiple 

access (OFDMA)
8. Flexible and dynamic per user resource 

allocation
9. Support for advanced antenna techniques
10.Robust security
11.Support for mobility
12.IP-based architecture

some things you will know a little about 
already … whether you realise it or not!

1. OFDM-based physical layer
2. High data rates
3. Scalable bandwidth and data rate support
4. Adaptive modulation and coding (AMC)
5. Link-layer retransmissions
6. Support for TDD and FDD
7. Orthogonal frequency division multiple 

access (OFDMA)
8. Flexible and dynamic per user resource 

allocation
9. Support for advanced antenna techniques
10.Robust security
11.Support for mobility
12.IP-based architecture



1. OFDM physical layer

• The WiMAX physical layer (PHY) is based on 
orthogonal frequency division 
multiplexing, a scheme that offers good 
resistance to multipath, and hence allows 
WiMAX to operate in NLOS conditions. 

• OFDM is now widely recognized as the 
method of choice for mitigating multipath 
for broadband wireless.

OFDM belongs to a family of transmission 
schemes called multicarrier modulation, 
which is based on the idea of dividing a 
given high-bit-rate data stream into 
several parallel lower bit-rate streams
and modulating each stream on separate 
carriers—often called subcarriers, or 
tones.

WHY ARE MULTICARRIER SYSTEMS OF INTEREST 
IN GENERAL? LET’S LOOK AT SOME GENERAL 
MULTICARRIER PRINCIPLES BEFORE RETURNING 
TO OFDM SPECIFICALLY



symbolsymbol symbol symbol symbolsymbol

symbol

symbol

symbol

symbol

symbol

symbol

symbol

symbol

symbol

symbol

symbol

symbol

symbol

symbol

symbol

symbol

symbol

symbol

symbol

symbol

Understanding ISI

• we came across this briefly already

• intersymbol interference

• like anything in the communications world 
we can use two different views of 
understanding what is happening when ISI 
occurs

• we can use a frequency or time domain view



frequencytime

• This is the more 
intuitive view.

• If I send successive 
symbols too fast they 
will crash in to each 
other at the receiver 
causing distortion

• The channel has what is 
known as a delay spread 
and I must make sure 
the time between 
sending successive 
symbols is bigger than 
this 

• This is intuitive when 
you think multipath 
(which causes ISI)

• What is happening on 
the frequency front is 
that constructive and 
destructive 
interference is 
happening – frequency 
selective fading

• The opposite of this is 
flat fading – so flat 
fading insures no ISI  

frequencytime



ISI

• In order to have a channel that does not have ISI, the 
symbol time, Ts, has to be larger—often significantly 
larger—than the channel delay spread which is donated τ. 

• Digital communication systems simply cannot function if 
ISI is present

• For wideband channels that provide the high data rates 
needed by today’s applications, the desired symbol time 
is usually much smaller than the delay spread, so 
intersymbol interference is severe => very long Ts
needed to overcome

• But with MULTICARRIER SYSTEMS you can meet the Ts
demands on individual STREAMS, i.e. the transmit at a 
low rate but overall your rate is LTs due to having L 
STREAMS IN TOTAL
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the symbol rate on individual
STREAMS can be low

while overall through-put is high

flat fading
on channel



• In the time domain, the symbol duration on 
each subcarrier has increased to T = LTs
so letting L grow larger ensures that the 
symbol duration exceeds the channel-delay 
spread, τ , which is a requirement for 
ISI-free communication. 

• In the frequency domain, the subcarriers 
have bandwidth B/L <= Bc, which ensures 
flat fading, the frequency-domain 
equivalent to ISI-free communication.



good for frequency selective fading

BIG PROBLEM

L transmitters
L receivers

NOT FEASIBLE



OFDM

OFDM is indeed a multicarrier system but 
it is one version that has gotten over the 
problem of using L receivers and L 
transmitters by making use of the inverse 
Fourier transform and the Fourier 
Transform

• I have provided a handout of OFDM basics 
which is very good 

• We will work through some of that now
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but not clear!!!
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On the receive side

• The time varying signal is received and 
then with the use of the FFT converted to 
the frequency domain for processing

• The I and Q values associated with each 
carrier can be retreived



F1F2F3F4

the carriers are orthogonal => tightly packed.



so what happens to ISI in the ODFM 
case?

Need to think on two levels

1. Between OFDM symbols
2. Within OFDM symbols

BUT what is an OFDM symbol?
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this is an OFDM symbol, 
i.e. the bunch of N symbols

But by including a sufficiently
large guard band, it is possible to 

guarantee that there is no 
interference between subsequent

OFDM symbols.
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BUT WE HAVE ISI BETWEEN THE SYMBOLS IN THE OFDM
SYMBOL.

ANOTHER TECHNIQUE IS NEEDED FOR THIS



BASIC IDEA

• Unlike between OFDM symbols we do not have the 
luxury of spacing the transmission time of the 
individual consecutive symbols within the OFDM 
symbol.

• It is the effect of the channel these symbols that 
causes the ISI - If we can undo the effect of the 
channel then all is ok

• That is precisely what happens – we use channel 
estimation (estimate what happens and reverse 
it)to undo the effect

• Key idea - Cyclic Prefixes are used in OFDM in 
order to combat multipath by making channel 
estimation easy. 

• When the transmitted signal frequency 
response is X(n) and the channel response 
is H(n) it is always desirable to get 
received signal frequency response as, 

Y(n)=H(n)*X(n)

• This is because you can then you can 
recover X(n) simply as 

X(n)=Y(n)/H(n)

This is only true if the transmitted signal is 
infinite or periodic



CP CP

Addition of a CP makes the OFDM symbol appear periodic



summary of ideas

• a cyclic prefix is added to make OFDM 
symbol appear periodic

• this allows for equalisation to be 
performed easily in the frequency domain –
multiplication essentially

• the CP is then used instead of a guard 
interval

• the CP is created by simply repeating some 
of the symbols that are already in the 
OFDM symbol
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2. Very High Peak Data Rates

• WiMAX is capable of supporting very high peak data 
rates. In fact, the peak PHY data rate can be as high as 
74Mbps when operating using a 20MHz wide spectrum. 

• More typically, using a 10MHz spectrum operating using 
TDD scheme with a 3:1 downlink-to-uplink ratio, the peak 
PHY data rate is about 25Mbps and 6.7Mbps for the 
downlink and the uplink, respectively. 

• These peak PHY data rates are achieved when using 64 QAM
modulation with rate 5/6 error-correction coding. 

• Under very good signal conditions, even higher peak 
rates may be achieved using multiple antennas



3. Scalable bandwidth and data rate 
support

• WiMAX has a scalable physical-layer 
architecture that allows for the data rate 
to scale easily with available channel 
bandwidth. 

• The FFT (fast fourier transform) size may 
be scaled based on the available channel 
bandwidth. For example, a WiMAX system may 
use 128-, 512-, or 1,048-bit FFTs based on 
whether the channel bandwidth is 1.25MHz, 
5MHz, or 10MHz, respectively. 

4. Adaptive modulation and coding

• WiMAX supports a number of modulation and forward 
error correction (FEC) coding schemes and allows 
the scheme to be changed on a per user and per 
frame basis, based on channel conditions. 

• AMC is an effective mechanism to maximize 
throughput in a time-varying channel. The 
adaptation algorithm typically calls for the use 
of the highest modulation and coding scheme that 
can be supported by the signal-to-noise and 
interference ratio at the receiver such that each 
user is provided with the highest possible data 
rate that can be supported in their respective 
links. 





note

• note even though we worked in Eb/No for 
the BER curves of the various modulation 
techniques, the adaptive modulation 
schemes are dealt with in terms of SNR



How to calculate SNR

• To do this we need to be able to determine 
the strength of the signal at the receiver 
and the noise at the receiver

• We need some kind of model to calculate 
the power of the signal at the receiver

• Like we have been learning before we can 
use all sorts of models to evaluate what 
happens to the signal on its journey.

• Some other simple models are given here. 

Free Space Path Loss Model 
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Pr is the received power, Pt is the transmitted power. Gr and Gt and the
gains of the transmitting and receiving antennas and d is the 

distance from the transmitter.



Two Ray Approximation Model
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hr and ht are the 
heights of the transmitting and receiving antennas and d is the 

distance from the transmitter.

Estimator for Noise

• A simple way of estimating the noise in dB at the 
receiver is 

• noise = No + Nf + 10log B

• where N0 = -173 dBm/Hz, Nf is the noise figure and 
B is bandwidth

• example 10 MHz bandwidth Nf = 5dB gives a noise 
value of -98dBm

• suppose signal = - 90dBm
• SNR = -90+98 = 8dBm



only good enough for BPSK

In Reality

The 802.16 system can measure its SNR at 
the receiver and make decisions as to how 
to react



5.Link-layer retransmissions

• For connections that require enhanced reliability, 
WiMAX supports automatic retransmission requests 
(ARQ) at the link layer. 

• ARQ-enabled connections require each transmitted 
packet to be acknowledged by the receiver; 
unacknowledged packetsare assumed to be lost and 
are retransmitted. 

• WiMAX also optionally supports hybrid-ARQ, which 
is an effective hybrid between FEC and ARQ.

ARQ approaches

• the main idea is that the receiver asks 
the transmitter to repeat the transmission



6. Support for FDD and TDD

• Both time division duplexing and frequency 
division duplexing, as well as a half-duplex FDD, 
which allows for a low-cost system implementation  
are supported.

• TDD is favored by a majority of implementations 
because of its advantages: (1) flexibility in 
choosing uplink-to-downlink data rate ratios, (2) 
ability to exploit channel reciprocity, (3) 
ability to implement in non-paired spectrum, and 
(4) less complex transceiver design. 

• All the initial WiMAX profiles are based on TDD.



7. Orthogonal frequency division 
multiple access

WiMAX uses OFDM as a multiple-access 
technique, whereby different users can be 
allocated different subsets of the OFDM 
tones. 



7. Flexible and dynamic per user 
resource allocation

• Both uplink and downlink resource allocation are 
controlled by a scheduler in the base station. 

• Capacity is shared among multiple users on a demand 
basis. 

• When using the OFDMA-PHY mode, multiplexing is 
additionally done in the frequency dimension, by 
allocating different subsets of OFDM subcarriers to 
different users. 

• Resources may be allocated in the spatial domain as well  
when using the optional advanced antenna systems (AAS). 

• The standard allows for bandwidth resources to be 
allocated in time, frequency, and space and has a 
flexible mechanism to convey the resource allocation 
information on a frame-by-frame basis.



sub-channelisation

• This is a further example of how different 
subcarriers can be combined and used differently

• In general, the CPE/MS is power constrained in any 
wireless network. 

• This makes the link budget asymmetrical and the 
coverage area of a BS is uplink limited. 

• Sub channelisation can balance the link budget in 
the uplink and downlink and extends the coverage 
area in a WiMAX system.



9. Support for advanced antenna 
techniques

• The WiMAX solution has a number of hooks 
built into the physical-layer design, 
which allows for the use of multiple-
antenna techniques, such as beamforming, 
space-time coding, and spatial 
multiplexing. 

• These schemes can be used to improve the 
overall system capacity and spectral 
efficiency by deploying multiple antennas 
at the transmitter and/or the receiver. 



(b)(a)
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space-time coding

• Space-time coding (STC) deals with the design of 
good codes for multiple antenna wireless systems. 

• They take advantage of diversity that can be 
achieved - A method for dealing with fading, is to 
introduce diversity, or multiple independent paths 
across which the signal is transmitted. Space-time 
systems exploit specifically designed signals for 
transmission over multiple transmit and receive 
antennae to generate and capture different copies 
of signal and improve performance. 



maybe you can make some sense of 
this!

spatial multiplexing

• WiMAX also supports spatial multiplexing, 
where multiple independent streams are 
transmitted across multiple antennas. 

• If the receiver also has multiple 
antennas,  the streams can be separated 
out using space-time processing. 

• Instead of increasing diversity, multiple 
antennas in this case are used to increase 
the data rate or capacity of the system.



9. Quality-of-service support

• The WiMAX MAC layer has a connection-
oriented architecture that is designed to 
support a variety of applications, 
including voice and multimedia services.

• The system offers support for constant bit 
rate, variable bit rate, real-time, and 
non-real-time traffic flows, in addition 
to best-effort data traffic. 

• WiMAX MAC is designed to support a large 
number of users, with multiple connections 
per terminal, each with its own QoS 
requirement.

QoS defined ….

• QoS is a broad and loose term that refers to the 
“collective effect of service,” as perceived by 
the user. 

• For the purposes of this discussion, QoS more 
narrowly refers to meeting certain requirements —
typically, throughput, packet error rate, delay, 
and jitter—associated with a given application.

• Broadband wireless networks must support a variety 
of applications, such as voice, data, video, and 
multimedia, and each of these has different 
traffic patterns and QoS requirements.



10. Robust Security

• WiMAX supports strong encryption, using 
Advanced Encryption Standard (AES), and 
has a robust privacy and key-management 
protocol. 

• The system also offers a very flexible 
authentication architecture based on 
Extensible Authentication Protocol (EAP), 
which allows for a variety of user 
credentials, including username/password, 
digital certificates, and smart cards.



What is authentication?

• All communication systems need to be made secure to 
operate. Typically any users of a system have to be 
authenticate themselves on the network. 

• Authentication is the process of determining whether 
someone or something is, in fact, who or what it is 
declared to be. 

• Some authentication processes may involve the simple use 
of a password but others are more complex. 

• The use of digital certificates, issued and verified by 
a what is known as a Certificate Authority (CA) as part 
of a public key infrastructure is an example of a more 
stringent process. 

Key Infrastructure

• In cryptography, a public key infrastructure (PKI) is an 
arrangement that binds public keys with respective user 
identities by means of a certificate authority (CA). 

• The user identity must be unique for each CA. The 
binding is established through the registration and 
issuance process, which, depending on the level of 
assurance the binding has, may be carried out by 
software at a CA, or under human supervision. 

• The primary function of a PKI is to allow the 
distribution and use of public keys and certificates 
with security and integrity. 

• The specific security functions in which a PKI can 
provide foundation are confidentiality, integrity, non-
repudiation, and authentication.



11. Support for mobility

• The mobile WiMAX variant of the system has 
mechanisms to support secure seamless handovers
for delay-tolerant full-mobility applications, 
such as VoIP. 

• The system also has built-in support for power-
saving mechanisms that extend the battery life of

• handheld subscriber devices. 

• Physical-layer enhancements, such as more frequent 
channel estimation, uplink subchannelization, and 
power control, are also specified in support of 
mobile



handoff

• To meet the second challenge of mobility, the system 
should provide a method for seamlessly handing over an 
ongoing session from one base station to another as the 
user moves across them. 

• A handoff process typically involves detecting and 
deciding when to do a handoff, allocating radio 
resources for it, and executing it. It is required that 
all handoffs be performed successfully and that they 
happen as infrequently and imperceptibly as possible. 

• The challenge for handoff-decision algorithms is the 
need to carefully balance the dropping probability and 
handoff rate. Being too cautious in making handoff 
decisions can lead to dropped sessions; excessive 
handoff can lead to an unnecessary signaling load.

12. IP based architecture

• The WiMAX Forum has defined a reference network 
architecture that is based on an all-IP platform. 

• All end-to-end services are delivered over an IP 
architecture relying on IP-based protocols for 
end-to-end transport, QoS, session management, 
security, and mobility. 

• Reliance on IP allows WiMAX to ride the declining 
costcurves of IP processing, facilitate easy 
convergence with other networks, and exploit the 
rich ecosystem for application development that 
exists for IP.



Reference Architecture

aside:slot and frame structure



different flavours of WiMAX






