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4

MULTTPLE ACCESS
TECHNIQUES AND WIRELESS
STANDARDS

The modulation and detection techniques described in Chapter 3 provide the
basis for communication between only one transmitter and one receiver. For a
large number of transceivers in a network, additional methods are required to
ensure proper communication among multiple users. Such methods are called
“multiple access techniques.”

The complexity of wireless systems mandates that they conform toa “stan-
dard.” In addition to modulation and multiple access techniques, a wireless
standard includes such details as frequency bands, timing, and data coding,
while defining precise tests for the performance of transceivers.

Following a brief overview of the properties of mobile communication
systems, we describe in this chapter three general multiple access techniques
that are commonly used in RF systems. These are frequency-division multi-
ple access (FDMA), time-division multiple access (TDMA), and code-division
multiple access (CDMA). We then study several popular wireless standards,
namely, North American Digital Communication, Global System for Mobile
Communciations, Qualcomm CDMA, and Digital European Cordless Tele-
phone.

4.1 MOBILE RF COMMUNICATIONS

98

A mobile system is one in which users can physically move while communicat-
ing with one another. Examples include pagers, cellular phones, and cordless
phones. Itisthe mobility that has made RF communications powerful and pop-
ular. The transceiver carried by the user is called the “mobile unit” (or simply
the “mobile”), the “terminal,” or the “hand-held unit.” The complexity of
the wireless infrastructure often demands that the mobiles communicate only
through a fixed, relatively expensive unit called the “base station.” Each mo-
bile receives and transmits information from and to the base station via two RF
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Chap. 4  Multiple Access Techniques and Wireless Standards

Figure 42  Co-channel interference.

approximately equal to 4.6 for the 7-cell pattern of Fig. 4.1(b) [1]. It can be
shown that this value yields a signal-to~co-channel interference ratio of 18
dB [1].

Handeff What happens when a mobile unit “roams” from cell A to cell
B (Fig. 4.3)?7 Since the power level received from the base station in cell A
is insufficient to maintain communication, the mobile must change its server
to the base station in cell B. Furthermore, since adjacent cells do not use the
same group of frequencies, the channel must also change. Called “handoff,”
this process is performed by the MTSO. Once the level received by the base
station in cell A drops below a threshold, the MTSO hands off the mobile to
the base station in cell B, hoping that the latter is close enough. This strategy
fails with relatively high probability, resulting in dropped calls.

Figure 43 Problem of handoff.

To improve the handoff process, second-generation cellular systems al-
low the mobile unit to measure the received signal level from different base
stations, thus performing handoff when the path to the second base station has
sufficiently low loss [1].

Path Less and Multipath Fading Propagation of signals in a mobile
communication environment is quite complex. We briefly describe some of the
important concepts here. Signals propagating through free space experience a
power loss proportional to the square of the distance, d, from the source. In
reality, however, the signal travels through both a direct path and an indirect,
reflective path (Fig. 4.4). It can be shown that in this case, the loss increases
with the fourth power of the distance [1]. In crowded areas, the actual loss
profile may be proportional to d for some distance and d* for another.
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Chap. 4  Multiple Access Techniques and Wireless Standards

X

Figure 4.6 Rayleigh distribution.

where ¢ = tan~'(B/A). [tcanbeshown that the amplitude, A,, = JA? + B2,
has a Rayleigh distribution (Fig. 4.6) [2], exhibiting losses greater than 10 dB
below the mean for approximately 6% of the time.

From the above discussion, we conclude that in an RF system the trans-
mitter output power and the receiver dynamic range must be chosen so as to
accommodate signal level variations due to both the overall path loss (roughly
proportional to d*) and the deep multipath fading effects. While it is theo-
retically possible that multipath fading yields a zero amplitude (infinite loss)
at a given distance, the probability of this event is negligible because moving
objects in a mobile environment tend to “soften” the fading,

Diversity The effect of fading can be lowered by adding redundancy
to the transmission or reception of the signal. “Space diversity” or “antenna
diversity” employs two or more antennas spaced apart by a significant fraction
of the wavelength so as to achieve a higher probability of receiving a nonfaded
signal.

“Frequency diversity” refers to the case where multiple carrier frequen-
cies are used, with the idea that fading is unlikely to occur simultaneously at
two frequencies sufficiently far from each other.

“Time diversity” is another technique whereby the data is transmitted or
received more than once to overcome short-term fading.

Delay Spread  Suppose two signals in a multipath environment experi-
ence roughly equal attenuation but different delays. Thisispossible because the
absorption coefficient and phase shift of reflective or refractive materials vary
widely, making it likely for two paths to exhibit equal loss and unequal delays.
Addition of two such signals yields x (f) = Acosw(t 1))+ Acosw(t 1) =
2A cos[(Rut —w 1 — wTy) /2] cos[w (11 — 72) /2], where the second cosine factor
relates the fading to the “delay spread,” At = 77 — 7. An important issue
here is the frequency dependence of the fade. As illustrated in Fig. 4.7, small
delay spreads yield a relatively flat fade, whereas large delay spreads introduce
considerable variation in the spectrum.

In a multipath environment, many signals arrive at the receiver with dif-
ferent delays, yielding rms delay spreads as large as several microseconds and
hence fading bandwidths of several hundreds of kilohertz. Thus, an entire
communication channel may be suppressed during such a fade.
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