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a) Mininum SIR

In order to compute the minimun SIR at the mobile, we need to determine the
number of interfering base stations in each possible configuration, which can be
done by inspecting Figures and 2. Table 1 shows the nuniber of interfering base
stations in the first tier, when 3 sectors (BW = 120°) and 6 sectors (BW = 60°)
are used, for cluster sizes N = 3 and 4.

Using expression (1), we determine the minimum SIR (approximation) in each
configuration (path loss exponent n = 4). Results are shown in Table 2.

Therefore, cluster size N = 3 cannot be used, since the minimum SIR achieved
is below SJR = 18.7 dB. On the other hand, both configurations using cluster
size N = 4 are feasible, regarding co-channel interference (assuming that a

difference of 0.1 dB is negligible).

Mazimum carried traffic per cell

Let us now computer the carried traffic per cell, when sectoring is used. As we
know, each sector is assxgned a subset of the set of channels assigned to the cell.

b)

For example, for cluster size N = 3, each cell is assigned 300/3 = 100 channels.
If six sectors are employed, each sector is assigned 100/6 = 16 channels. Using
Erlang B formula, we find that each sector carries a maximum traffic of 9.83
Erlangs at a blocking probability of 0.02. Therefore, the maximum traffic carried
by each cell is 9.83 x 6 = 58.97 Erlangs. Repeating this procedure, we can
compute the maximum carried traffic per cell for other beamwidths and cluster
sizes. Table 3 presents the results. :

Table 1: Number of interfering base stations in the first tier (ip) when 3 sectors
(BW = 120°) and 6 sectors {BW = 60°) are used.

N | BW =60° | BW = 120°
3 2 3
4 1 2

Table 2: Minimum SR achieved when sectoring is used, for cluster sizes N = 3 and

4.
N || BW =60° | BW = 120°
3 16.1 dB 14.3dB
4 21.6 dB 18.6 dB

Table 3: Maximum carried traffic per cell {(in Erlangs) when sectoring is used, for
cluster sizes N = 3 and 4. 300 channels available in the system, P, = 2%

N || BW =60° | BW = 120°
3 58.97 73.88
4 39.69 52.51
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a) Handoff — two independent events: F,; < P, go and Pz > Py min. Therefore,
the probability that a handoff occurs is given by

Pr{ bandoff ] = Pr[Py; < Pryol X Pr{Psa > Pominl; @

where P,; and F,, are the received signals at BS) and BS;, respectively.
F,; is given by

Fa

P — 10n log,o(d,/d§1+x, ,
my

my + Xy {3)

]

Likewise for F; 4

Pz = P —10nlog,o[(D - di)/do] +x:

ma

= my + X2 _ 4)

Therefore, for a given distance dy, F,; and P,, are Gaussian variables with
standard deviation o and means m; and m;, respectively.

Thus, the probability Pr{F,, < P, no) is

P, 1 _ - 2
P oo~
= - Q ( »HOa ml) i (5)
where Q(z) is the Q-function:
1 —_n2
Likewise
b 1 g — 2
—_— P r,min ~ 7712
=0 ( o ) . (M

Substituting (3)-(7) into (2), we have the probability that a handoff occurs as
a function of the distance d;. Figure 2 shows the received ares average power
at both base stations (m; and m;) (Not required in the homework!). Figure
3 shows the probability that a handoff occurs, along with the probabilities

P T[P,-,l < .P,-J{o] and Pr [P’,z > P"m.'n].

b) From the plot in Figure 3, the distance dj,, such that the probability that a
handoff occurs is equal to 80%, is dj, =~ 1000 m.

&0



o T T T T T T T

Received power at le
Received powaer at Bsz

4

-80

Received power (dBm)

digtance {m)

Figure 2: Received area average power levels at the mobile, from both base stations.

Prob. that a handotf cocurs J
*« PP <P

1
o Pr(Pr'>P ]

- 800
distance (m)

Figure 3: Probability that a handoff occurs, Pr[P,1 < P, o] and Pr[P,.2 > Prmin]

ol



4.@ noise fHoor = K- Buw F lo
" = 138 x/0 %% 30xX/0’x 10X 22 = J.2x10” (w)

;-//7.2 (4Bm)

= threshold = Y= horse f[ﬂvr(dgm)jf 5,(/,?(4,9)‘
:-//7.2 +2%5 :-7.,4,2 (dBm)
Given E/RP=Fi-61=joow, Gr= 0olB=1/. dozlKkm, /\:}?c:,og;?’”

)z LrGebr AT [ooxixo 3337 _
frid-)= 4m*- ds* GT) n(1e0ays 1000 % w)

= - 415 dgm

Fm— Ad=zjokm, n=4% .
Prtdy = Prtio) = 19789, () == 915 ~40 =515 481

= /D)“(P»/c/)/y) Q[V Pr(d)J @[ 742_(3/5)
= &(—/5875) 094

b5



4.2

(a) Find the minimum mean square error (MMSE) estimate for the path loss exponent, .

First note Tl B (106mY= G dBm < P (&) d__ B.(4Bn)
Pr(dx Pr(c’e) PL(d) 250 - 23
L‘l P'] \ooc 3

+ '75-(0- lo-‘%{‘;’;ﬂ-‘ 2o00 38 .
+[ 35-(0- :o.,w)]a [:38-(0-Jon by g)]z

(b) Calculate the standard deviation of shadowing about the mean value.

G={e? = ] In "— éii.éi‘é",: Z';on
K |n=3.20 _ * 144 - 998n+f 9n2
= R18(33)< 1638 (33 32 AT ﬁ,: = st'fnz‘-g :;Srw 329
= 130 n-
(c) Esl.n’natf3 lht:z :ecelsi_%i:e::’: L‘Z km(ig‘ lhe[z%‘ng model. =

PR () -PLUY - OdBa - 10[33]%3(‘?3%9
= (0 -42.94) B _

I\/

42.94 dB

(d) Predict the likelihood that the received signal level at 2 km will be greater than -35 dBm,
Express your answer as a Q-function,

Frd Areo indar curve
QV\W\
N\
Pr tP (an) ?)SJBM - 429448 ;3548"

Q [ 50 qzqq)l T-Aus. Pwr AT 2kM Vsing Mode |

= O()- Qo) > Q(Y)
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