CHAPTER 9

tiple Access Techniques
r Wireless

Mulu'ple access schemes are used to allow many mobile users to share simultaneously
a finite amount of radio spectrum. The sharing of spectrum is required to achieve high capacity by
simultaneously allocating the available bandwidth (or the available amount of channels) to multiple
users. For high quality communications, this must be done without severe degradation in the perfor-

mance of the system. B

-~

9.1 ' Introduction

In wireless communications systems, it is often desirable to allow the subscriber to send simulta-
neously information to the base station while receiving information from the base station. For
example in conventional telephone systems, it is possible to talk and listen simultaneously, and
tlus effect, called duplesz_g/ is generally required in wireless telephone systems.

] may Bé done using frequency or time domainstechniques. Frequency division
! 25 two distinct bands of frequencies for avery user. The forward ban
ation to the mobile, and the reverse band prov1des traffic from
;FDD, any duplex channel actually consists of two simplex
), and a device called a duplexer is used inside each subscriber
imultaneous bidirectional radio transmission and reception for
station on the duplex channel pair. The frequency sepaga-
e channel is constant throughout the systeTn, regardless of
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Figure 9.1 (a) FDD provides two simplex channels at the same time; (b) TDD provides two
simplex time slofs on the same frequency.

Jlex/channcl has both a forward time slot and a reverse time slot to facilitate bidiryional
communication. If the time separation between the forward and reverse time slot is small, then
the transmission and reception of data appears simultafieous to the users at both the subscriber
unit and on the base station side. Figure 9.1 illustrates FDD and TDD techniques. TDD allows
communication on a single channel (as opposed to requiring two separate simplex or dedicated
‘channels) and simplifies the subscriber equipment since a duplexer is not required.

There are several tradeoffs between FDD and TDD approaches. FDD is geared toward radio
communications systems that allocate individual radio frequencies for each user. Because each
transceiver simultaneously transmits and receives radio signals which can vary by more than
100 dB, the frequency allocation used for the forward and reverse channels must be carefully coor-
dinated within its own system and with out-of-band usérs that occupy spectrum between these two
bands. Furthermore, the frequency separation must be coordinated to permit the use of inexpensive
RF and oscillator technology. TDD enables each transceiver to operate as either a transmitter or
ver on lhe same frequengl and eliminates the need for separate forward and reverse frequency
the!b is a time Iatency created by TBD due to the fact that commumcauons is not

'_ id timing required for time slotting, TDD generally is limited
ble access. TDD is effective for fixed wireless access when
tion delays do not vary in time among the users.

le Access

A), time division multiple access (TDMA), and code

€ maJor access techniques used to share the available

m. These techniques can be grouped as narrowband
e available bandwidth is allocated to the users. The

n is usually described along with the particular

s that follow.
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d Systems —

ROV The term narrowband is used to relate the bandwidth of a single
the expected cohere

B pecied nce bandwidth of the channe]. I a narrowband multiple access
the wablﬁ radio spectrum is divided into a large number of narrowband channels. The
%?;nels are usually operated using FDD. To minimize interference between forward and reverse
Ais on each &ammwwe as great as possible within the frequency
m’ ‘ﬂ‘.‘.l? still al_l_(wg ir_lexpensive duplexers and a common transceiver antenna to be
}]_Sed in each subscriber unit. In narrowband FDMA, a user is assigned a particular channel which
1s not shared by other users in"the vicinity, and if DD is used (that is, each duplex channel has a
forward and reverse simplex channel), then the system is called FDMA/FDD. Narrowband
TDMA, on the other hand, allows users to share the same radio channel but allocates a unique
time slot to each user in a cyclical fashion on the channel, thus separating a small number of users
in time on a single channel. For narrowband TDMA systems, there generally are a large number
of radio channels allocated using either FDD or TDD, and each channel is shared using TDMA.
Such systems are called TDMA/FDD or TDMA/TDD access systems.

Wideband systems — In wideband systems, the transmission bandwidth of a single channel
is much larger than the coherence bandwidth of the channel. Thus, multipath fading does not
greatly .y_q_ry the received signal power within a wideband channel, and'frequency selective fades
occur in only a small fraction of the signal bandwidth at any instance of time. In wideband multiple
access systems a large number of transmitters are allowed to transmit on the same channel. TDMA
allocates time slots to the many transmitters on the same channel and allows only one transmitter to
access the channel at any instant of time, whereas spread spectrum CDMA allows all of the trans-
mitters to access the channel at the same time. TDMA and CDMA systems may use either FDD or

!T‘DD multiplexing techniques.
In addition to FDMA, TDMA, and CDMA, two other multiple access schemes will soon be
used for wireless communications. These are packet radio (PR) and space division multiple access

(SDMA). In this chapter, the above mentioned—aultiple access techniques, their performance, and
eir capacity in digital wireless systems are discussed. Table 9.1 shows the different multiple

~ access techniques being used in various wireless communications systems.
PETTIRIR fvhelapete :

it each user js allocated a unique frequency band or channel.

and to users who request service. During the period of the

y is used for the forward channel, while the other fre-
The features of FDMA are as follows:

vy a wasted resource.

L
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_Table 9.1 Muitiple Access Techniques Used in Different Wireless

Communication Systems
Eiemane -
Multiple Access * :
Cellular System Technique
2
/Mlvnced Mobile Phone System (AMPS) FDMA/FDD
-~ Global System for Mobile (GSM) “TDMA/FDD
US Digital Cellular (USDC) TDMA/FDD
Pacific Digital Cellular (PDC) TDMA/FDD
CT2 (Cordless Telephone) FDMA/TDD
Digital European Cordless Telephone (DECT) FDMA/TDD
US Narrowband Spread Spectrum (15-95) CDMA/FDD
CDMA/FDD
 W-CDMA (3GPP) CDMA/TDD
CDMA/FDD
— edma2000 (3GPP2) CDMA/TDD
e ————
- - : 4 Code
. 7 > %
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& sThe symbol time of a narrowband signal is large as compared to the average delay spread.
I 2]
This implies that the amount of intersymbol interference is low and, thus, little or no
equalization is required in FDMA narrowband systems.

* The complexuy of FDMA mobile systems is lower when compared to TDMA systems,
though this is changing as dlgltal signal processing methods improve for TDMA,

* Since FDMA is a continuous transmission scheme, fewer bits are needed for overhead
w‘gs (such as synchronization and framing bits) as compared to TDMA.
> FDMA systcms have higher cell site system costs as “compared to TDMA systems,
of the single channel per Lamel design, and the need to use costly bandpass ﬁlters
t e base station.

-

Sin oe both the transmitter and receiver operate at the
1e cost of FDMA subscriber upits and base stations.

mize adjacent channel interference,

tem, many channels share the same,antenna

mb iers, when operated at or near satura-
nonlinearities cause signal spreading in the
cies. IM is undesired RF radiation
Spreading of the spectrum results
ration of u;;ggsix;able hmoni&.
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Fig\ly}/ TDMA scheme where each channel occupies a cyclically repeating time slot.

9.3 Time Division Multiple Access (TDMA) 1 Commnth®

Time division multiple access (TDMA) systems divide the radio spectrum into time slots, and in
each slot only one user is allowed to either transmit or receive. It can be seen from Figure 9.3 that
each user occupies a cyclically repeating time slot, so a channel may be thought of as a particular
time slot that reoccurs?;g;y frame, where N time slots comprise a frame. TDMA systems trans-
mit data in a buffer-and-burst method, thus the transmission for I any user is nonconnnuous This
implies that, unlike in FDMA systems which accommodate analog FM, dlgntal data and dlgltal v/
modulatlon must be used with TDMA. The transrmssnon from various users is interlaced into a
repeating frame structure as shown in Figure 9.4. It can be seen that a frame consists of a number
mad eamble, an information message and tail bits. In TDMA/ ~ \w\f/
prmation message would be used for the forward link ,< s
channels. In TDMA/FDD systems, an identical _J
- either forward O reverse transmasswn but the
ward rd and reverse links. In general TDMA/FDD

and synchronization informatjon that
other. G_l_.lfgf_ﬁ_r_nes are utilized to allow
and frames. Different TDMA wireless

BRI e IR | D 1 e M s i
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Trail Bits | Sync. bits Information Data

Guard Bits

Figure 9.4 TDMA frame structure. The frame is cyclically repeated over time.

standards have different TDMA frame structures, and some are described in Chapter 11. The

w include the following:

el ’E];JYMA shares a single carrier frequency with several users, where each user makes use of
b oads nonoverla’ppmg time slots. The number of time slots per frame depends on several faptors
i such‘as modulation technique, available bandwidth, etc.
« Data transmission for users of a TDMA system is not continuous, but occurs in bursts.
This results in low battery consumption, since the subscriber transmitter can be turned off
when not in use (which is most of the time). g |
» Because of discontinuous transmissions in TDMA, the handoff process is much simpler _
?ﬁg@gﬁ_@mn sigee it is able to listen for other base stations during idle time slots.
\n enhanced link control, such as that provided by mobile assisted handoff (MA}jO) can
bereamed out by a subscnber by listening on an idle slot in the TDMA frame.

f m, slots for transmission and reception, thus duplexers are not
if FDD is used, a switch rather than,a duplexer msrde the subscriber unit is,

YRR AL~

, 0 |
ilallg necessary in TDMA systems, since the transrmssroﬁ rates &’\\:i e
e mpared to FDMA channels. S §

e should be minimized. If the transmitted signal at the edges of a
%piy in order to shorten the guard time, the transmitted spec-

\ ‘ﬁﬁﬁerence to adjacent channels.

head is required in TDMA systems because of burst transmis-
ed, and this requnm the receivers to be synchromled
lots are necessary to separate users, and this results
heads as compared to FDMA.
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Figure 9.5 Spread spectrum multiple access in which_each channel is assigned a unique PN
(‘{ode_w_mg_hﬁ_qnhgganal or approximately orthogonal to PN cqqg:% _u_sgg_by other users.

9.42 Code Division Multiple Access (CDMA)

In code division multiple access (CDMA) systems, the narrowband message signal is multiplied

by a very large bandwidth signal called the spreading signal. The spreading signal is a pseudo-

noise code sequence that has a chip rate which is orders of magnitudes greater than the data rate

of the message. All users in a CDMA system, as seen from Figure 9.5, use the same carrier fre-

Slﬂancy and may transmit simultaneously. Each user has its own pseudorandom codeword which

_1s approximately orthogonal to all other codewords The receiver performs a time_ correlation

gperaﬂon to detect only the specific desired codeword. All other codewords appggrjs,ﬂmsﬂﬁu@/

to d tion. For detection of the message signal, the receiver needs to know the codeword -
smutter. F er operates independently with no knowledge of the other users.

liple users at a receiver determines the noise floor after decor-

- within a 'C_gl_Us,not controlled such that they do not appeflf |

the near—far problem occuri/ l
i
|
\

when many- X mobile users share the same channel In general
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vided by each base station jp a cellular system and assures that cach mobile within the base station

e ————— 7 ki

Coverage *z_l—lfg}}gw‘l_des the same signal level to the base StatWeceiver. This solves the problem of
a nearby subscriber l‘)ijélpowering the base station receiver and drowning out the signals of far
away subscribers. Power controlis implemented at the base station by rapidly sampling the radio
signal strength indicator (RSSI) levels of each mobile and then sending a power change command
over the forward radio linmpite the use of power control within each cell, out-of-cell mobiles
provide interference which is not under the control of the receiving base station. The features of

CDMA including the following:

* Many users of a CDMA system share the same frequency. Either TP_Q_QLE_QD may be used.

" s
Q\:, Unlike TDMA or FDMA, CDMA has a soft capacity limit. Increasing the number of users in

-

a CDMA system raises the noise floor in a linear manner. Thus, there is no absolute limit on
the number of users in CDMA. Rather, the system performance gradually degrades for all
" users as the number of users is increased, and improves as the number of users is decreased.
* Multipath fading may be substantially reduced because the signal is spread over a large
spectrum. If the spread spectrum bandwidth is greater than the coherence bandwidth of the
channel, the inherent frequency diversity will mitigate the effects of small-scale fading.
*Ch da igh in CDMA systems. Consequently, the symbol (chip)
_ duration is very short and usually much less than the channel delay spread. Since PN
correlation, multipath which is delayed by more than a chip will

ming arises from the fact that the
‘ ogonal, hence in the despread-
he Meixer decision statistic for a
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