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8 
MULTIPLE ACCESS AND 

FREQUENCY SPREADING 

The previous chapter discussed the use of multiplexing to allow a single channel to 
carry data from a number of information sources. The multiplexing techniques 
described were suitable for applications where all data is multiplexed in a single 
device, which then transmits a single multiplexed signal onto the channel. Where the 
data streams cannot be brought together on separate channels to a single transmitter, 
multiple-access techniques are required to allow a channel to be shared between a 
number of transmitters. In other words, multiple-access techniques provide for the 
sharing of channel capacity between a number of transmitters at different locations. 
Multiple-access techniques are commonly used with radio channels and with 
transmission lines used in bus networks. 

Multiple-access techniques aim to share a channel between two or more signals 
in such a way that each signal can be received without interference from another. 
For example, this can be achieved by ensuring that only one signal is present on the 
channel at any time. It can also be achieved by ensuring that each signal is made up 
of non-overlapping frequency components, that is, each signal lies in a different part 
of the electromagnetic spectrum.  

In simple terms, two signals do not interfere with one another unless they 
overlap in both frequency and time. This can be illustrated graphically, as shown in 
Figure 8.1. The frequency components making up a signal are determined by its 
horizontal extent, while the time during which a signal is present on the 
communications channel is indicated by its vertical extent. The three signals at the 
top of Figure 8.1 do not interfere because there is no overlap between them. The two 
signals at the bottom of the figure overlap, and interference may therefore occur. 
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Figure 8.1. Time-frequency representation of signals. 
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This chapter considers a number of forms of multiple access: 

 Frequency-division multiple access (FDMA). In FDMA, each transmitter 
is allocated a channel with a particular bandwidth and centre frequency. 
All transmitters are therefore able to transmit simultaneously, and the 
only coordination required is the allocation of the individual channels. 
Separation is achieved by allocating an individual channel to each 
transmitter. FDMA is described in Section 8.1. 

 Time-division multiple access (TDMA). In TDMA, transmitters share a 
common channel, but only one transmitter is allowed to transmit at a 
time. TDMA systems define rules by which control of the channel is 
passed from one transmitter to another. Separation is achieved by 
allocating a separate time slot to each transmitter. TDMA is described in 
Section 8.2. 

 Code-division multiple access (CDMA). CDMA systems have all 
transmitters transmitting simultaneously in a common channel. The 
bandwidth of this common channel is much larger than the channel that 
would be allocated to each transmitter using FDMA. Each transmitter 
uses a spreading code to increase the bandwidth of its transmission to 
cover this larger channel. Separation is provided by allocating a different 
spreading code to each transmitter. CDMA is described in Section 8.3. 

 Frequency hopping. A frequency-hopping transmitter transmits data in 
short bursts, each one of which is transmitted in a channel with similar 
bandwidth to that used for FDMA. Each burst is transmitted in a 
different channel. Separation between transmitters can be provided by 
allocating different groups of channels to each, or by allocating the same 
channels but having the transmitters hop between them in a different 
sequence. Unlike FDMA, TDMA and CDMA, separation between 
transmitters is not usually guaranteed in frequency hopping. Frequency 
hopping is described in Section 0. 

 Time hopping. A time-hopping transmitter transmits a sequence of very 
short pulses, and uses the time between pulses to carry data. Like 
frequency hopping, separation between transmitters is not usually 
guaranteed in time hopping. Time hopping is described in Section 8.5. 

 Orthogonal frequency-division multiple access (OFDMA). In an 
OFDMA system the available channel bandwidth is divided into many 
low-symbol-rate sub-channels in a similar way to orthogonal frequency 
division multiplexing. Individual users are then allocated separate blocks 
of OFDM sub-carriers. OFDMA is described in Section 8.6. 

Many systems combine two or more multiple-access techniques. For example, many 
mobile telephone systems use a combination of FDMA and TDMA. 

The ability of multiple-access techniques to support multiple transmitters often 
leads to a higher complexity and cost than for a multiplexer with similar capacity. 
Unlike multiplexers, multiple-access systems do not usually provide for the 
grouping of channels into groups and supergroups. 



Chapter 8 Multiple Access and Frequency Spreading 117 
 

Each multiple-access technique may use fixed-assigned multiple access 
(FAMA) mode (dedicated), demand-assigned multiple access (DAMA) mode 
(switched), or random access. When fixed assignment is used, capacity is allocated 
to each transmitter during network planning. In demand assignment, capacity is 
allocated to each transmitter during network operation based on the capacity 
requested by the transmitter. In random access, each station is allowed to transmit at 
will and therefore runs the risk of a collision occurring where two or more stations 
attempt to transmit simultaneously. If collision occurs, the transmitting stations back 
off, wait some random time and try again. 

Demand assignment provides more versatility and more efficient use of the 
available frequency spectrum. On the other hand, demand assignment requires a 
control mechanism that is common to all the transmitters to keep track of channel 
allocation and the availability of each channel. Consequently, the DAMA mode uses 
the electromagnetic spectrum more efficiently, but it usually costs more to 
implement and maintain. 

8.1 FREQUENCY-DIVISION MULTIPLE ACCESS 

FDMA involves the allocation of a discrete channel to each transmitter, as illustrated 
in Figure 8.2. FDMA can be used for both analogue and digital signals. A guard 
band, in which no signal is transmitted, must usually be allocated between each pair 
of channels to ensure that interference does not occur. 

The combined time-frequency characteristics of FDMA are illustrated in Figure 
8.3. Figure 8.3(a) and (b) show the signals transmitted, each of which occurs at the 
same time but occupies its own band of frequencies. Figure 8.3(c) shows the 
received signal, which includes contributions from several transmitters. Each of 
these signals occupies its own band of frequencies. 

Planning for FDMA involves more than simply allocating a separate channel to 
each transmitter. It is necessary to ensure that the received power from a transmitter 
is not significantly higher than that from other transmitters using nearby channels. If 
this is not done, the strongest transmitter tends to capture receivers tuned to nearby 
channels. Furthermore, interference can be caused by the use of frequencies that are 
harmonics of one another or whose intermodulation products (occurring at the sums 
and differences of frequencies allocated to individual channels) conflict with 
frequencies in use. 

FDMA is used for allocating channels to commercial television and radio 
broadcast stations. It is also used in military combat net radio systems to allocate a 
channel to a radio net. 

The advantages of FDMA include its applicability to both analogue and digital 
transmission systems, the fact that no special coding is required, the allocation of 
capacity is simple, no network synchronisation or timing is required, and that the 
baseband signal can be recovered using simple and inexpensive receiver equipment. 
The disadvantages of FDMA include the need for guard bands between signals, 
which reduces the available bandwidth; the need for power balancing to avoid 
capturing of the receiver by a strong signal and the requirement for amplifier back-
off to eliminate intermodulation products and distortion due to the amplifier being 
driven into its non-linear stage. Multi-channel receivers are therefore expensive. 
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Figure 8.2. Allocation of separate channels to FDMA signals. 
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Figure 8.3. Time-frequency characteristic of FDMA. 

8.2 TIME-DIVISION MULTIPLE ACCESS 

TDMA allows transmitters to occupy simultaneously the same part of the 
electromagnetic spectrum, and provides separation between signals by having only 
one transmitter active in the channel at a time. In synchronous TDMA, access to the 
channel is restricted to regular, allocated time slots. In asynchronous TDMA, a 
station may transmit at any time that the channel is free. 

8.2.1 Synchronous TDMA 

In synchronous TDMA, all transmitters use the same frequency. Separation between 
transmitters is achieved by allocating a unique time slot to each transmitter, as 
shown in Figure 8.4. Each time slot has a defined length and repetition time to 
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ensure that it does not conflict with any other time slot. Commonly used time slot 
lengths lie between approximately 100 μs and 20 ms. Synchronous TDMA is 
suitable for digital signals only.  

Each TDMA transmitter and receiver must synchronise itself to the time slot 
structure. In order to compensate for small timing differences between transmitters, 
synchronous TDMA systems allocate a guard interval between time slots. The 
purpose of these guard intervals is similar to the guard bands used by FDMA, 
preventing closely-spaced transmitters from interfering with one another. The 
proportion of channel capacity allocated to guard intervals is often 5−10% of the 
total channel capacity. 

The time-frequency behaviour of synchronous TDMA systems is illustrated in 
Figure 8.5. Transmitters share a common frequency band (Figure 8.5(a) and (b)), but 
transmit in different time slots. The signal at a receiver is shown in Figure 8.5(c), 
containing multiple signals in the same frequency band, but separated in time. 
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Figure 8.4. Allocation of time slots in TDMA. 
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Figure 8.5. Time-frequency characteristic of synchronous TDMA. 



120 Fundamentals of Communications and Information Systems 

 

Transmitter 1-1

Transmitter 1- 2

Transmitter 1- 3

Transmitter 1- n

Transmitter 1- 1

Transmitter 1- 2

Transmitter 2-1

Transmitter 2- 2

Transmitter 2- 3

Transmitter 2- n

Transmitter 2- 1

Transmitter 2- 2

T
im

e

Frequency  

Figure 8.6. Combined use of synchronous TDMA and FDMA.  

Because only one transmitter is active at a time, synchronous TDMA does not 
suffer from a strong signal capturing a receiver. Its coordination is therefore 
sometimes easier than for FDMA. The complexity of synchronous TDMA 
transmitters and receivers is usually higher than for FDMA, however, because of the 
requirement for synchronisation. Some timing information must usually be included 
in TDMA signals to assist synchronisation. 

Synchronous TDMA is usually combined with FDMA, as illustrated in Figure 
8.6, due to limitations on transmitter and receiver linearity. In this situation the 
constraints of FDMA, such as those relating to harmonics and intermodulation 
products, apply. 

There are three advantages of synchronous TDMA over FDMA: 

 With synchronous TDMA only the carrier from one transmitter is present in a 
receiver at any given time. This means that the transmitter’s amplifier can be 
operated near saturation with significantly less intermodulation distortion 
(leading to an improved signal-to-noise ratio at the receiver.)  

 With FDMA, each station must be capable of transmitting and receiving on a 
multitude of carrier frequencies to achieve multiple accessing capabilities. 
This makes it difficult to build a multi-channel FDMA receiver. 

 Synchronous TDMA is much better suited to the transmission of digital 
information than FDMA. Digital signals are more naturally acclimatized to 
storage, rate conversions, and time-domain processing than their analogue 
counterparts. 

The primary disadvantage of synchronous TDMA as compared to FDMA is 
that in synchronous TDMA, precise synchronisation is required−each station’s 
transmissions must occur during an exact time slot. Also, bit and frame timing must 
be achieved and maintained with synchronous TDMA. Additionally, only digital 
traffic is possible with synchronous TDMA. Power balancing is not usually required 
because a strong signal does not transmit at the same time as a weaker signal. 



Chapter 8 Multiple Access and Frequency Spreading 121 
 

T
im

e

Frequency

T
im

e

Frequency

Over-transmission

Transmitter 1

Transmitter 2

 

Figure 8.7. Time-frequency characteristic of CSMA.  

8.2.2 Asynchronous TDMA—Carrier-Sense Multiple Access 

Asynchronous TDMA, often referred to as carrier-sense multiple access (CSMA), 
allows a transmitter to access the channel at any time that it is not being used by 
another transmitter. This provides a much higher level of flexibility than 
synchronous TDMA, allowing rapid changes in the proportion of the channel 
capacity used by a particular transmitter. This flexibility is achieved at the cost of 
significantly poorer performance under heavy load. A synchronous TDMA system is 
able to provide throughput close to 100% under heavy load, while a CSMA system 
is rarely able to achieve throughputs higher than 50%. CSMA is suitable for 
providing multiple access in both analogue and digital communications systems. 

The time-frequency behaviour of CSMA is illustrated in Figure 8.7. Unlike 
FDMA and synchronous TDMA, CSMA systems are not able to guarantee that two 
transmitters are never active at the same time. Where such an over-transmission 
occurs, it is likely that neither station’s data is successfully transmitted. For this 
reason, CSMA systems often incorporate collision detection (CD) so that this data 
can be automatically retransmitted.  

CSMA is commonly used with military voice radios to separate users within a 
user community. User communities are usually separated using FDMA. 

The primary advantages of CSMA over synchronous TDMA are its flexibility 
and simplicity. The accompanying disadvantage is the high overhead for this 
multiple-access technique, usually consuming at least 50% of the channel capacity. 

8.2.3 Asynchronous TDMA—ALOHA 

The ALOHA protocol is a form of random access, originally developed at the 
University of Hawaii for use in a satellite data network. A station is allowed to 
transmit a frame whenever it wishes. The station then waits an amount of time 
(twice the round trip-delay plus a small margin) for an acknowledgement, where-
upon it transmits the next frame. If no acknowledgement is received, the transmitter 
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waits for a random amount of time and retransmits the frame. This process is 
continued until an acknowledgement is received or the transmitter times out. At the 
other end, the receiver examines the incoming frame to determine its correctness 
(normally using a frame check sequence). If the frame is valid, it is acknowledged; if 
not (through corruption due to noise or a collision), the frame is discarded.  

Due to the significant overhead involved and the potential for collisions when 
the channel is heavily loaded, ALOHA has low throughput (about 18%). 

An improved technique, slotted ALOHA, organises the channel into timeslots 
equal to the fame size so that transmission can only occur at the slot boundary. This 
does not prevent collisions, but ensures that, when they do occur, they completely 
overlap. As a result, slotted ALOHA is approximately twice as efficient, giving up 
to 37% utilisation. Controlled ALOHA techniques, in which stations increase the 
delay between a collision and the following retransmission when congestion is 
detected, may have throughputs up to approximately 50%.  

8.3 CODE-DIVISION MULTIPLE ACCESS 

In CDMA, transmitters may transmit at the same time, in the same channel, as 
shown in Figure 8.8. This channel has a much larger bandwidth than would be used 
by a single FDMA transmitter. In CDMA, therefore, each signal is modified by 
spreading it over a large bandwidth. This spreading occurs by combining the 
transmitter signal with a spreading sequence, which has the effect of increasing the 
transmitted data rate and therefore the bandwidth of the transmitted signal. 
Separation between signals is provided by the allocation of a different spreading 
code to each transmitter. Because of this use of frequency spreading, CDMA is 
sometimes referred to as spread-spectrum transmission. CDMA is suitable for use 
only with digital signals. 

Under ideal conditions, the efficiencies of CDMA and FDMA are the same. 
For example, the bandwidth required to provide multiple access to five transmitters 
is the same for FDMA and CDMA. In FDMA, one fifth of the bandwidth is 
allocated as a channel to each transmitter. In CDMA, the data rate is increased by a 
factor of five, with a different spreading sequence allocated to each transmitter. 

The operation of CDMA can be illustrated by a simple example involving three 
transmitters. To provide multiple access, it is necessary to allocate a different 
spreading sequence to each transmitter. In this example, we use a spreading gain of 
three, and therefore convert each bit of data to three chips before transmission. The 
mapping used is shown in Figure 8.9. In each case, the chip stream representing a 
zero is the complement of the chip stream representing a one. 

The mappings of Figure 8.9 are used in Figure 8.10 to convert a bitstream from 
each transmitter to a chip stream. In each case, four bits are converted to 12 chips. 
For Transmitter 1, each bit with value 0 is mapped to the chip sequence 001, while 
each bit with value 1 is mapped to the chip sequence 110.  

If the signals from the three transmitters are exactly synchronised at the 
receiver, the received chip stream roughly corresponds to the effect of a majority 
vote between the three signals: the value of each received chip is equal to the most 
common chip value transmitted by the three transmitters. In this example, the 
received chip stream is 000001110010. 
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Figure 8.8. Time-frequency characteristic of CDMA transmission. 

Transmitter 1: 0  001, 1  110

Transmitter 2: 0  011, 1  100

Transmitter 3: 0  111, 1  000  

Figure 8.9. Example mapping of bits to chips. 

Transmitter 1: 0011  001001110110

Transmitter 2: 1010  100011100011

Transmitter 3: 1101  000000111000  

Figure 8.10. Mapping of bitstreams to chip streams at each transmitter. 

Receiver 1:  000001110010  001000111011

Receiver 2:  000001110010  011010101001

Receiver 3:  000001110010  111110001101  

Figure 8.11. Receiver exclusive-OR. 

At the receiver, the received chip stream is combined with the spreading code 
of one transmitter. For Receiver 1, the exclusive-OR of 001 and each group of three 
received chips is found, as shown in Figure 8.11. 

A voting process is then used by each receiver to recover the transmitted 
bitstream, shown in Figure 8.12. This voting process looks at each group of three 
chips, and assigns the bit-value zero if there are more zeros than ones. If there are 
more ones than zeros, the bit-value one is assigned. In this case, where no noise is 
added in the transmission channel, each of the received bitstreams is identical to that 
transmitted. 
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Receiver 1:  001000110011  0011

Receiver 2:  011010101001  1010

Receiver 3:  111110001101  1101  

Figure 8.12. Receiver voting to recover transmitted bitstreams. 

If the transmitters are not synchronised, the receiver uses the same procedure to 
recover the bitstream. In this case, however, all of the other signals behave like 
channel noise, and tend to introduce errors into the received bitstream. Practical 
CDMA systems therefore usually incorporate channel coding to protect against these 
errors. 

In practice, CDMA is usually combined with FDMA. CDMA cellular 
telephones, for example, allow up to 64 channels to be combined using CDMA. If, 
for example, 128 channels are to be provided, two groups of 64 CDMA channels are 
allocated. Each of these groups of CDMA channels is allocated its own separate 
spectrum using FDMA. 

In order to achieve optimal performance, the power transmitted by all CDMA 
transmitters must be balanced so that the same power is received from each 
transmitter at a receiver. In practice, this can only be achieved in communications 
systems where there is a single transmitter or a single receiver. One important 
example of such a system is a mobile telephone system where all transmissions are 
either to a base station (in which case there is a single receiver) or from a base 
station (in which case there is a single transmitter.) If this power balancing cannot be 
performed effectively, the efficiency of CDMA falls. This is known as the near-far 
effect. 

CDMA has a number of advantages over FDMA and TDMA. As the number of 
users increases, the CDMA system performance degrades gracefully, unlike normal 
digital systems whose performance tends to crash when overloaded. When the 
system is under-used, there is an automatic improvement in the signal error margin. 
Another advantage of CDMA is that the entire bandwidth of a system may be used 
for each transmission from every station. For example, if the chip rate is six times 
the original bit rate, the actual transmission rate of information is one-sixth of the 
PSK modulation rate, and the bandwidth required is six times that required simply to 
transmit the original data. Possibly the most significant advantage of CDMA is 
immunity to interference (jamming), which means that CDMA is ideally suited for 
military applications. 

Disadvantages of CDMA include the coding inefficiency resulting from 
transmitting chips for bits, which means that the advantage of more bandwidth is 
partially offset and is thus less of an advantage. Also, if the transmission of chips 
from the various transmitters must be synchronised, precise timing is required for 
the system to work. In many systems this synchronisation is not achieved, which 
significantly reduces the efficiency of CDMA. Finally, the near-far effect reduces 
the efficiency of CDMA where it is used to provide multiple access for multiple 
transmitters and multiple receivers. 
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Figure 8.13. Time-frequency characteristic of a single frequency-hopping transmitter. 
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Figure 8.14. Signal received from a pair of frequency-hopping transmitters. 

8.4 FREQUENCY HOPPING 

Frequency hopping is a form of FDMA in which each transmitter is allocated a 
group of channels, known as a hop set. The transmitter transmits data in short bursts, 
choosing one of these channels on which to transmit each burst. The order in which 
the channels are chosen is determined by the hop sequence, which must be known to 
both transmitter and receiver. The time in which the transmitter remains in a single 
channel, known as the dwell time, varies between 10 μs and 100 ms, corresponding 
to hop rates between 100 kHz and 10 Hz respectively. Frequency hopping can 
usually only be used with digital signals. 

The time-frequency characteristic of a single frequency-hopping transmitter is 
shown in Figure 8.13. At each time, the transmitter is active in one channel. Some 
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channels are used on more than one occasion; others are not used at all in the time 
interval illustrated. 

The time-frequency characteristic of a pair of frequency-hopping transmitters is 
shown in Figure 8.14. Even though a common hop set is allocated to the two 
transmitters, the use of different hop sequences allows them to operate without 
mutual interference for most of the time. 

When an over-transmission occurs, it is likely that the data from both 
transmitters is lost. The impact of this data loss on speech is relatively low; speech 
remains intelligible even if the speech data in one third of the hops is lost. The 
impact on data is more serious, however. Data networks using frequency hopping to 
provide multiple access usually provide a high level of error protection, but also 
provide for retransmission of data lost due to over-transmission. Such networks 
usually only operate effectively when the probability of over-transmission is very 
small.  

It is rarely possible to allocate enough channels that the hop sets of two 
frequency-hopping transmitters do not contain at least some common frequencies. 
These hop sets also often contain channels used by non-hopping transmitters. As a 
result, over-transmission of signals from non-hopping transmitters may also occur. 

Frequency hopping provides multiple access for wireless LAN standards such 
as IEEE 802.11 and personal networking systems such as Bluetooth. There is also an 
optional frequency-hopping mode used by GSM mobile telephone systems. 
Frequency hopping is also used in many military communications systems to 
increase the difficulty of detection and intercept of transmissions. Unlike the 
commercial applications of frequency hopping as a multiple-access technique, an 
important characteristic of these covert transmissions is that the hop sequence 
should appear to be completely random, and not be easily inferable by an 
unauthorised listener. 

8.5 TIME HOPPING 

Time hopping may be implemented by using pulse-position modulation (described 
in Chapter 3) to provide multiple access, as illustrated in Figure 8.15. Each bit is 
transmitted as a single pulse, with the value of the jth bit determined by whether it 
arrives before or after the reference time tj. In Figure 8.15, the jth bit has value 0 
because the pulse arrives before tj, while the j+1th bit has value 1 because the pulse 
arrives after tj+1. Time hopping is sometimes referenced to as ultra-wide-band 
(UWB) transmission, because the use of very short pulses (often 1 ns in length) 
means that the bandwidth of the transmission is very large (often 1 GHz or more). 
Time hopping is only suitable for use with digital signals. 

The time-frequency characteristic of a time-hopping transmitter is shown in 
Figure 8.16. The transmitter is active for very short bursts, each of which has a very 
large bandwidth. In the intervals between these bursts, no power is transmitted. 

The use of time hopping as a multiple-access technique is illustrated in Figure 
8.17. Here, four time-hopping transmitters are active. Separation between signals 
from the different transmitters is provided by assigning a unique sequence of times 
tj

i to the ith transmitter. Time hopping does not guarantee that over-transmissions do 
not occur. Over-transmission occurs in time hopping where two pulses are present 
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indicating a bit value of both 0 and 1, as in the case of 1
1jt  in Figure 8.17, where a 

pulse from transmitter four is interfering. Choice of different time-hopping 
sequences is used to minimise the probability of these over-transmissions. 

The impact of over-transmission can also be seen in the time-frequency 
characteristic of time-hopping transmitters shown in Figure 8.18. 
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Figure 8.15. Pulses indicating bit values of zero and one in time hopping. 
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Figure 8.16. Time-frequency characteristic of a time-hopping transmitter. 
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Figure 8.17. Time hopping used as a multiple-access technique. 
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Figure 8.18. Time-frequency characteristic of multiple time-hopping transmitters. 

Time hopping has the advantage of allowing relatively simple transmitter and 
receiver design and completely avoiding the need for the frequency coordination 
associated with FDMA. Like frequency hopping, it can be used for reducing the 
probability of detection of covert communications. These advantages are achieved at 
the expense of causing interference to all other nearby communications systems and 
radio navigation systems such as GPS. Frequency-coordination regulations in most 
countries currently prohibit use of time hopping over the entire frequency range—
systems are normally limited to selected portions of the spectrum. 

8.6 ORTHOGONAL FREQUENCY DIVISION MULTIPLE ACCESS 
(OFDMA) 

In an orthogonal frequency division multiple access (OFDMA) system the available 
channel bandwidth is divided into many low-symbol-rate sub-channels in a similar 
way to orthogonal frequency division multiplexing. Individual users are then 
allocated separate blocks of OFDM sub-carriers as shown in Figure 8.19.  

Since any interference in the radio channel will typically affect frequencies 
corresponding to the same set of sub-carriers, the block allocation for each user is 
usually changed frequently to even out the interference experience by individual 
users. 

OFDMA systems have the following advantages when compared to other 
multiple access techniques; a) OFDMA systems provide better spectral efficiency 
when compared to FDMA systems since there is no requirement for guard bands 
between individual sub-carriers, b) the inclusion of a guard interval reduces the 
symbol rate by a relatively small amount when compared with the reduction in 
symbol rate required for the inclusion of TDMA guard slots, c) an OFDMA system 
is able to remove the effects of ISI in the same way as in an OFDM system, d) 
OFDMA systems allow for more flexible spectrum management capabilities since 
the spectrum required can be modified by not allocating specific blocks of sub-
carriers. 
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Figure 8.19.   An example sub-carrier allocation map for an OFDMA system. 

 

8.7 REVISION QUESTIONS 

1. Describe briefly the basic multiple-access techniques: FDMA, TDMA and 
CDMA, noting their relative advantages and disadvantages. 

2. Briefly explain why CDMA requires precise power balancing for efficient 
operations.  

3. Briefly explain the near-far effect in the context of CDMA. 

4. Why is it difficult to avoid completely over-transmissions when frequency 
hopping is used for multiple access? 

5. What is the difference between the use of frequency hopping as a multiple-
access technique and its military application? 

6. Explain the operation of a time-hopping system and describe its advantages and 
disadvantages. 

7. How do over-transmissions occur in a time-hopping multiple-access system?  

8. Briefly explain the operation of OFDMA. 
 


