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WiMAX
Brief Introduction to WiMAX

WIMAX is regarded as one of the most hopeful radio communication systems for the next
generation broadband mobile communication networks.

The basic requirements for today’s mobile communications are




Universal coverage

Universal information transfer (Multi-media)

Broadband channel capable of transmission of full motion pictures
Secure communication

Cow»

The 3G mobile systems have come to the limits to meet the above requirements. The small
zones systems of conventional mobile systems are essentially unsuitable to meet requirement
A. Enhancing the data rates is almost impossible as the 3G technology can not effectively
transmit multi-level QAM signals through Rayleigh fading channels.

The WIMAX significantly improves the problems by adoption of state-of-the-art technology that
have been developed for many years in many branches of communications as shown in the
above table (in Japanese).

An outstanding technology is OFDM combined with concatenated Reed-Solomon and
Convolutional codes. This scheme is based on a technology very different from the conventional
diversity and channel equalization methods. The technology is field-proven in Digital
broadcasting, ADSL and wireless LAN. In a sense the technology is simple and In fact is
effective to simplify the system.

Another feature of WiIMAX is a powerful security scheme by adoption of security measures
based on RSA encryption methods developed through the Internet applications.

The WIMAX specifies only the physical ad MAC layers. This is the similar approach as
supplying only the OS (like Linux) on which the users can build their own applications.
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In order to meet the demands for ever wider bandwidths, greater distances beyond line-of-sight
and even for fast moving mobile users communications, WiMAX collects such essences of
signal transmission technologies as Multi-level QAM, OFDM, TCM, etc. which have been
developed In microwave and satellite communications, FDM/TDM multiplex telephony systems
ADSL and digital broadcasting networks and many other branches of communication systems,
Those technologies are field proven through the history of communications. An example is
MIMO, which is a hot topic today for its capability for doubling the bandwidth, is closely related
with the Polarizations Multiplex technologies which have been utilized for many years in satellite
communications.

There are many exaggerated figures announced about WiIMAX on its transmission rates,
distances and the speed of the mobile users. WiMAX is simply a specification and those signal
transmission performances depend on the system design for actual systems. The objective of
the lecture is to provide the participants with the knowledge to actually design the transmission
systems.

Especially for mobile communication, the OFDM and CDMA can be combined to realize the
merits of both schemes and even significant improvement particularly in acquisition speeds.
(This is out of scope of WiMAX but is known as ODCDM.)

WIMAX specifies only the cores of the physical and MAC layers. Upper layers need to be added
To realize the communication networks. Even the physical layers can be modified based on the
Core specified in WiMAX.
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The error correcting codes specified in WIMAX include Reed-Solomon codes, convolutional
codes, TCM codes, and such concatenated codes as RS-Convolutional,RS-TCM, RS-Parity
check, etc. and Turbo codes as an option. Those varieties of codes are off springs of
C.E.Shanon’s Channel Coding Theorem given in the celebrated paper “ A Mathematical Theory
of Communication” in 1948. The essence of the theorem is that there is an upper limit called
Channel Capacity C for a communication channel. If the data rate R (bits/sec) is smaller than C,
then by storing the transmit data for time T, the signal space can be expanded by the factor

of 2Y(C-R).T} and a “distance” can be inserted between the transmit information codes.

The expansion of the signal space in RS codes is made by expansion from binary Field GF(2) to
GF(2"m). In the convolutional codes/ Viterbi decoding system, the Introduced distance is
called “Free Distance” in multi-dimensional Euclid Space.

It is remarkable Shannon defined the Channel coding when there was no such code at all. The
coding scheme Shannon used in his theorem was “Random Coding”. It shows any coding, if
random enough, can achieve some improvement in the data transmission. Instructive, isn'tit?

WIMAX is a connection-oriented network to which the classic Erlang theory can be applied. But
it has new schemes as label switching between the channels (CID) and the services (SID). It
also provides a scheme that the users can demand additional BW during communication.

Thus WiIMAX can provide a very flexible communication services for the users.
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MAC

The Wireless MAN WiMAX system is a total packet communication system
Where all signals are carried as MAC PDU in TDM/TDMA links.

In this seminar, the architecture and functions of WiMAX MAC sub-layers will

Be explained. An introduction to the RSA security systems will be also presented.



