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MULTIPLE ACCESS METHODS IN COMMERCIAL
COMMUNICATIONS SYSTEMS

R. C. DIXON
Spectrack Systems Inc.

Cypress, California

Summary - Time division and/or code division multiple access techniques based on
spread spectrum modulation and demodulation technology have found wide application in
military systems. These techniques also offer advantages for use in systems that allow for
large numbers of users in civil communications systems.

This paper considers spread spectrum multiplexing as a technique that allows time division
multiplexing multiple access to communications networks. It also provides for multiple
networks to operate in the same band through code division multiplexing.

Introduction - Spread spectrum modulation and demodulation methods are ideally suited
to use in multiple access systems. The coded signalling waveforms employed in spread
spectrum systems provide accurate timing, low correlation between signals in the same
band, and interference rejection. The various types of spread spectrum signals available
are:

1. Direct Sequence Modulation- wherein a carrier is directly modulated by a code
(usually by some form of angle modulation).

2. Frequency Hopping- in which a code is used to cause a carrier to jump from one
frequency to another, pseudo-randomly.

3. Chirp- under code control only in those cases in which the code determines sweep
direction. (many chirp systems employ no coding at all.)

In addition, hybrids made up of combinations of these signal types are feasible, and may
offer significant advantages in some applications. For the various signalling approaches,
including hybrid methods, Table 1 outlines advantages and applications to which spread
spectrum methods are well suited, with emphasis on civil applications.

For time division multiplexing of signals, the spread spectrum waveforms provide accurate
timing, since a synchronized transmitter and receiver track to within a fraction of a code



chip time. Since typical code chip rates in these systems are in the range of 1 Mbps to 50
Mbps for direct sequence and 1 Kbps to 100 Kbps for frequency hopping, system timing is
never worse than approximately ± 1 msec, and is often as good as a few nanoseconds.
This means that (except for allowances that must be made for differences in signal
propagation time) a whole network of transmitting/receiving stations can take turns using a
single frequency assignment, by synchronously switching from receive to transmit (or vice
versa) at the same time.

Code division multiplexing of signals depends on timing also, but in a different way. For
code division, either direct sequence or frequency hopping signals depend on the codes
used in generating their modulation to provide a low degree of correlation between the
instantaneous frequency spectra of the signals transmitted. This is true of both direct
sequence and frequency hopping formats. (Code division multiplex does not normally
apply to chirp modulation.)

The prime difference in the time division and code division approaches is that time division
implies coordination of time slots, while code division does not.

Direct sequence modulation, as contrasted with frequency hopping, employs much higher
chip rates, and therefore has inherently higher resolution timing. On the other hand,
however, the continuous spectral coverage may reduce the usefulness of direct sequence
CDMA signals in environments where the various users have no power control, and unit to
unit distance is not regulated. Figures 1 and 2 illustrate the characteristics of frequency
hopping and direct sequence spectra for a network in which a number of users are sharing
a frequency assignment.

In Figure 1, different users would be assigned to each of the time slots (running left to
right). In each time slot, a different frequency is used, according to the code-selected input
to the system’s frequency synthesizers. If a separate network is overlaid on this one, then
interference occurs only when the frequency transmitted in time slot n of network one
happens to correspond with the frequency transmitted at the same time in network two.

Figure two shows direct sequence signals in the same network. If transmitters take turns
transmitting in the various time slots, then time division multiplexing can be implemented.
Two separate networks overlaid on each other, however, would be interfered with, and
furnish interference any time both were in operation simultaneously.

Let us compare direct sequence and frequency hopping for a specific set of parameters,
with respect to coexisting with a conventional narrowband communications network. We
will consider that the users are voice users, and that 16 kilobit data is used for digital voice
transmission. Analog voice will be considered to be transmitted by AM. Twenty MHz will



be allowed for spread spectrum system use, and as many users as possible will be
accomodated.

For AM, assuming 25 KHz channel spacing, (which is common for portable systems) the
20 MHz bandwidth could support 2 x 107/2.5 x 104 = 800 channels. By comparison, direct
sequence modulation, with full bandwidth spreading and 16 Kbps data, would provide 10
log 2 x 107/1.6 x 104 = 30.9dB process gain. Assuming that a direct sequence receiver
provides a 1 x 10-3 error rate (on the 16 Kbps data channel) then 30.9 - 9 = 21.9 dB margin
is available for interference suppression. Thus with direct sequence log -1 21.9/10 = 155
simultaneous full band users could be accommodated.

Where the DS signals are time hopped, then the instantaneous data rate must be increased,
and this reduces the process gain available in the same proportion. It does provide for
operation of transmitters and receivers without restriction as to their location however. As
an example, let us consider a network of 10 users who wish to communicate using a direct
sequence signal format. If each transmits 1/10 of the time, then their instantaneous data
rate becomes 160 Kbps and their process gain is 20.9 dB, which provides for 11.9 dB
signal margin. These 10 users then could operate in the presence of other similar networks
where the interfering signals furnished were 11.9 dB above their own desired signals. Thus
log-1                      networks, each with 10 members (154 users total) could  operate in the
20 MHz bandwidth allocated.

How about frequency hopping? If the 20 MHz band is allocated to frequency hopping
systems, where again each user sends 160 Kbps data, then up to                          
frequency channels can be provided for 10 users. For such a system, multiple networks
would force the use of time slot control between networks. Otherwise, each time two
uncoordinated systems in separate networks happen to hop to the same frequency (once
every 125 hops, on the average) they would furnish interference to each other. In the case
of time slot coordination, however, up to 125 networks of 10 users (1250 total) could be
provided, with no two using the same channel at once.

A comparison of the number of users for various signalling methods is given below:

AM DS FH(coordinated) FH(uncoordinated)

User BW 25 KHz 20 MHz 20 MHz 20 MHz

Data Rate (voice) 16 Kbps 16 Kbps 16 Kbps
per user



Network 800 10/net 10/net 10/net
users

No. of 1 15.4 125 1
networks

Total 800 154 1250 10
users

These results do not necessarily imply that a coordinated frequency hopping system can
provide more channels than a coventional frequency division multiplexed AM
communication system. If the AM system can operate with the same 16 KHz band
separation, then it also provides for                              channels.

Also, one cannot ignore the character of the co-channel interference produced by the
variuos techniques. For the AM user alone, each channel is an exclusive allocation, so the
receiver’s adjacent channel signal rejection capability determines its performance. The
direct sequence signals do overlap each other from network to network, so the number of
users is limited by the receiver’s jamning rejection capability. The frequency hopping
system, on the other hand, achieves exclusive time slot use ( for coordinated networks
only) and thus can provide the same effective number of users as an AM system.

Interference between the different networks is another story. For the considerations given
here, the approximate effects are such that when the frequency hopping network operates
in the presence of an AM network, the more frequency hopping users are present, the more
the interference provided to the AM system. For coordinated frequecny hopping, network
interference is proportional to the ratio                        . With direct sequence
transmissions, the interference to an AM network increases directly as the number of
direct sequence networks increases. A single AM user sees interference from all the DS
networks which is approximately       , where NDS is the number of direct sequence
networks and Gp is the direct sequence process gain                  

For the parameters given here, an AM signal would produce interference to all DS
receivers, depending on the ratio of the desired DS signal t the undesired AM signal at the
DS receiver’s input. That is, for all of the direct sequence receivers, output signal to noise
ratio is just S/N out = S/N in X process gain.

The effect of an AM signal on frequency hopping receivers is that the FH receiver would
see no interference except when it happened to hop to the same channel as the AM siganl
is occupying. Thus, with 125 channels available, a single AM signal would produce
interference 1/125 of the time for an average error rate of .008. This would force the use 



of some form of error detection and correction on the part of the frequency hopper, and
this in turn forces higher data rates and reduces the number of channels available.

We see then, that the spread spectrum techniques offer various advantages for commercial
users, as well as some disadvantages:

Coordinated frequency hopping networks can provide as many users as AM.
Direct sequence systems offer fewer users but better interference rejection under some
conditions.
Both techniques offer privacy and selective signalling capability not now readily
available.

Such methods do offer the possibility of future multiple access systems employing spread
spectrum modulation. Where networks and frequencies are fully assigned with today’s
narrow band users, tomorrow may see compatible wideband spread spectrum signals
overlaid on the already existing signals, with negligible effet on both. In the real world,
where frequency space is at a premium, such an eventuality offers real hope of relief to an
otherwise insoluble problem, by provision of more channels in a new dimension; code
division and the related time division domains.

These techniques are currently being applied in new systems that will hopefully open
whole new areas for more and more communications users.
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CAPABILITY APPLICATION REMARKS

Multiple access Provision for many users of a given
spectrum space.

Time division and/or code division access
readily implemented.

Discrete addressing Provision for selection of a specific
receiver.

Receivers addressed by code selection.

Low power density Reduction of interference to
conventional systems.

Spread spectra signals distribute their
power over wide time/frequency area.

Interference rejection Reduction of the effect of co-channel
users.

Receivers minimally affected by
conventional signals on smae channel.

Multipath resistance Multipath signal rejection to ease critical
system use.

Multipath signals processed in same way as
interference.

Ranging Location of units in a network, with
concurrent identification

Autocorrelation of codes provides high
resolution signal.

Privacy Protection of private or priviledged
communications from eavesdropping.

Coded signal structure requires code
analysis to detect information.

Table 1.   Capabilities and applications of Spread Spectrum Signalling Methods.



Figure 1.  Frequency Hopping Time/Frequency Diagram.

Figure 2.  Direct Sequence Time/Frequency Diagram.



A. Code division multiplexed micro networks. Random timing.
Different code used in each network.

B. Coordinated-timing micro networks. Same code used on
all in same area.

Figure 3.  Alternate Networking Concepts.


