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HE PRINCIPLE OF TRANSMITTING DATA BY
dividing it into several interleaved bit streams, and using these
to modulate several carriers, was used more than 30 years ago
in the Collins Kineplex system [1), and has been of continuing,
albeit peripheral, interest ever since. Now, however, interest is
increasing because modems based on the principle are being
used—or being considered for use—for transmission of data
and facsimile on the following:

e General Switched Telephone Network (GSTN)

¢ 60-108 kHz Frequency-Division Multiplexed (FDM)
group-band °

e Cellular radio

In addition, high-speed data is being considered for transmis-
sion on the High-rate Digital Subscriber Line (HDSL).

The technique has been called by many names—
orthogonally multiplexed Quadrature Amplitude Modulation
(QAM) [2), orthogonal FDM [3], and dynamically assigned
multiple QAM [4]—Dbut we will refer to it by a generic name:
Multicarrier Modulation (MCM). A more general form of the
technique, which uses more complex signals as carriers [5], has
been developed recently as vector coding [6] and structured
channel signalling [7] [8). Unless otherwise stated, the discus-
sion here will concentrate on the special MCM form.

The reasons for the interest in MCM depend upon the trans-
mission medium, and have also changed over the vears as sig-
nal processing techniques (mainly digital) have improved, but
the two most important ones are first, that an MCM signal can
be processed in a receiver without the enhancement (by as
much as 8 dB in some media) of noise or interference that is
caused by linear equalization of a single-carrier signal, and sec-
ond, that the long symbol time used in MCM produces a much
greater immunity to impulse noise and fast fades.

The first seven sections of this article will discuss the follow-
ing: the general technique of parallel transmission on many
carriers; the performance that can be achieved on an
undistorted channel; algonthms for achieving that perform-
ance; dealing with channel impairments; improving the per-
formance through coding; and methods of implementation.
The last two sections discuss duplex operation of MCM and
the possible use of this on the GSTN,

Multiplexing

MCM is a form of FDM; the basic principle is shown in Fig-
ure |. Input data at M/, b/s are grouped into blocks of Af bits at
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Fig. 1. Basic multicarrier transmitter.

a block (“symbol™) rate of /.. The M bits are used, m,, bits' for
the carrier at f, , to modulate N, carriers, which are spaced 4f
apart across any usable frequency band; that is,
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The modulated carriers are summed for transmission, and
must be separated in the receiver before demodulation. Three
methods have been used for this separation:

e First, the earliest MCM modems borrowed from conven-
tional FDM technology, and used filters to completely sepa-
rate the bands. The transmitted power spectra for just three
sub-bands of a multicarrier system are shown in Figure 2a.

IEach of the ms typically = 2 to 8.
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