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(a) Consider a hexagonal cell of radius R, as shown in Fig. 3.4, Verify the area of
the cell is 34/3R2/2 — 2.6 R”. Show that, for reuse cluster size C, the center-to-
center spacing between the closest interfering cells is given by D./R = V3cC.

(b) Referring to Fig. 3.6, fill in the details of the derivation of (3.4).

Calculate the Erlang loads on a system for the following cases:

1  Anaverage call lasts 200 seconds; there are 100 call attempts per minute.

2 There are 400 mobile users in a particular cell. Each user makes a call attempt
every 15 minutes, on the average. Each call lasts an average of 3 minutes.

3 The number of users in 2 is increased to 500; each user makes a call attempt
every 20 minutes, on the average. Repeat if the average call length doubles to
6 minutes.

Consider a mobile system supporting 100 channels per cell. A call blocking prob-
ability of 1% is desired. Mobile users typically use their cell phones once per
10 minutes, on the average, their calls lasting an average of 10 minutes. Say the
system is concentrated in an urban area with a density of 500 cell phones per km?.
Calculate the required cell radius if a hexagonal topology is assumed. Repeat if
(he mobile uscrs “stay on the line” for 4 minutes, on the average. What happens to
the cell size if, in addition, they start using their phones more often?

The worst-case uplink SIR is to be calculated for a € = 3 reuse system, for which
path loss may be modeled by

g(d)=d~"? 0<d<150m
— 150m~"¥(d/150m)** 150m = d

(See (2.6a) in Chapter 2.)
Do this for two cases: cell radius = 1000 m and cell radius = 100 m.

Refer to tables of the errar function defined by (3.12). Equation (3.15b) represents
the fraction of acceptable service area within a cell assuming shadow fading with
log-normal variance o* and power-variation parameter » Show this fraction is
0.71 for v = 9 dD and 1 — 3. Show the fraction increases to 0.83 for & = 6 dR
and n = 4. Try various other combinations of o and », and repeat.
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Figure3.2 Hexagonal cell structure, two dimensions

radiate uniformly in all directions or that cover specific sectors. It provides a fairly good
approximation to a circle and has. as we shall see, simple geometric properties that enable
SIR calculanions to be readily carried out. In a real system, cells have complex shapes.
depending on antenna directivity and location, propagation conditions, terrain topography.
etc. Software packages are available that take realistic terrain and propagation effects
into account. As noted in the previous chapter. however., we are principally interested in
this book in providing simple, basic principles for understanding wireless systems and
developing useful models for analyzing them. A uniform hexagonal structure falls into
this category. Hexagonal geometry will be used in subsequent chapters as well. (We shall
occasionally use circular-cell geometry, however, to carry out calculations where this
simplifies the analysis. We then compare results with those obtained using the hexagonal
model.)

We focus therefore on a two-dimensional structure with hexagonally shaped cells, an
example of which appears in Fig. 3.2. It turns out, as shall be shown shortly, that only
certain clusters or groups of cells may be accommodated with reuse. among which the
total number of available channels is to be divided. An example of a 7-reuse scheme
appears in Fig. 3.2. The numbers I-7 indicate the seven different groups of channels into
which the available spectrum is divided. Cells with the same number use the same set of
channels and arc thus potenual interferers ogirgn.ci:a‘gggt;_é[._T he spacing between closest
interfering cells is shown as having a value D;. More generally. it is found that clusters
contain C cells, with C an integer given by the expression

C=i"+j +ij (3.4)

(i. g)the integers 0.1, 2. ... Examples of such reuse clusters appear in Table 3.2. We shall
demonsirate the validity of (3.4) shortly. Common examples of reuse clusters adopted in
practice include those for C = 3,7 (as m Fig. 3.2).and 12. As examples, the AMPS system



68 Mobile Wireless Communications

S e

Figure 3.4 Hexagon

circles rather than hexagons are sometimes used in subsequent chapters 1o simplify the
analysis.

Given the hexagonal radius R. the following values of the center-to-center spac-
ing between the closest interfering cells, as indicated in Figs. 3.2 and 3.3, are readily
established: D3 =3R = VI x IR Dy =2V3R=346R= VI x AR D; =3 x IR=
4.58R. In general, for cluster sizes C. as given by (3.4), we shall show that D¢ /R = V3C.
Hence as the cell cluster increases. the spacing between interfering cells increases. reduc-
ing the interference. But the channel assignment per cell decreases as well, as already
noted, reducing the effectiveness of the channel reuse, the reason for introducing a cellu-
lar structure. Consider the AMPS and IS-54/136 examples again. Say N cells constitute a
geographic area. The number of frequency channels available for this area is then 832N/C.
The number per cell is 832/C. For a 7-reuse system the number per cell 1s 832/7 = 118
channels. For a 3-reuse system, the number is 832/3 = 277 channels per cell, as already
noted in the earlier one-dimensional example of the previous chapter.

We have yet to establish the validity of the “magic” numbers given by (3.4) and
D¢ /R = V3C. Consider the latter condition first. We adopt an approach used in Yacoub
(1993). Note from Fig. 3.2 that the cluster consisting of seven cells may itself be approxi-
mated by a hexagon of the form shown more generally in Fig. 3.5. This larger hexagon has
as its distance between “edges” just the distance D, indicated in Fig. 3.2. In the general
case this would be D¢, the distance between closest interferers, as indicated in Fig. 3.5
A hexagon with this distance between edges has a radius R = D¢/+/3. Its area is then
Ac =3V3R /2 = V3DL/2. The number of cells within a cluster is given by the ratio
of the cluster area 1o the cell area. The cell area a = 3/3 R?/2. Taking the ratio of areas,
we find C = Ac/a = D(~3/3R3, from which we get D¢/R =J3C.

Now consider (3.4). The specific form of this expression is a property of the hexagonal
tessellation of the two-dimensional space. To demonstrate this property. consider the set
of hexagons of radius R shown in Fig. 3.6 The location of the centers of the hexagons
may be specified by drawing two axes labeled o and v as shown. Axis v is chosen to be
vertical; axis u 15 chosen to be at an angle of 30 (7 /6 rad) with respect to the horizontal.
Starting at an arbitrary hexagon whose center 1s taken to be (0. 0), axes i and v intersect

Yacoub, M. D. 1993, Foundutions of Mobde Radie Engoeermy. Boca Raton, FL. CRC Press
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Figure3.5 Larger hexagon
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Figure 3.6 Hexagonal space tessellation

the centers of adjacent hexagons as indicated in the figure. Consider the distance D) now
to the center of a hexagon whose location is at point (1,v). From the Pythagonan Theorem
this is given by

-

D* = (v+ usin30°) + (ucos30°) = u? +1° + ur (3.5)

But note that i and v cach mcrement by muluples of V3 R. the distance between cdges
of a hexagon. Thusw =7 V3Randv =jJ/3R, iandj=0,1,2,.... We thus have, from
(3.5)

D> =3R%i’+ j>+ij) (3.5a)

Combining this equation with the relation C = D} /3R”. we get (3.4).

Given this introduction 1o two-dimensional cell clusters, hexagonal gcometry. and the
spacing of first-tier interferers. we are in a position to calculate the two-dimensional SIR.
Just as was done n the previous section for the one-dimensional case. Note first that. given
any cell, there will be six Arst-tier interferers located about it. This is apparent from the
cluster constructions of Figs. 3.2 and 3.3. These six interferers are drawn schematically
in Fig. 3.7. The actual location of these interferers depends on the cluster size C. Assume.
for simplicity. that that they fall along the six hexagonal axes spaced 60° apart as shown in
Fig. 3.7. For the worst-case SIR calculation. let the mobile be placed at point P. a corner
of the cell. as shown in Fig. 3.7. Its distance from its own base station at the center of
the cell is R. Iis distance from the closest interferer. the base station at another cell at






