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Instructions

1. (1 pt) Write your first name and the last three digit of your student ID on the upper-right corner of every submitted

sheet.

(1 pt) For each part, write your explanation/derivation and answer in the space provided.
(8 pt) It is important that you try to solve all non-optional problems.
Late submission will be heavily penalized.

Questions

1. Cellular communication in the USA was limited by the Federal Communication Commission
(FCC) to one of three frequency bands, one around 0.9 GHz, one around 1.9 GHz, and one

around 5.8 GHz [Tse and Viswanath, 2005, p. 11]. Find the corresponding wavelengths.

Recall thalr c= f)\, which meons )\

q
Here, A= oax40', 41.ax1o , ond

Hgngev /\= 2.9 2, 15. % , cwnJ S.13% e™m
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2. Under the how much received power is lost when the operating

fr ncy (carrier frequency) is changed fro Only the freq f ijcranged
* Py, w W
Friis eqn: P- - 67 G., ) ( 61,63.. ) =P, = ( r e el
Pt l'” l"rd +7d P’c old ‘{-cu

In dB, the gain in poweris 10 |°¢J 16 ——
F'J glJ "l w
" /\The negative result tells us that the received
P, ewo L&BJ - Pv,old [_33] =% J& power is reduced when higher freq. is used.

We need to In conclusioﬁ, the loss in received power is 8.2 [dB] (about 87%).
make sure that 3. Consider a cellular system with operating frequencies around f. = 900 MHz, cells of radius

Pr,mems - "’l"ﬂu .’_fa\ﬂ)z

he ph .. ¥

Ihz Ee,‘,mes * r =100 m, and nondirectional antennas. = G G‘x= 1 = Q%10 Hz

coundary . . .

receive at least . | a. Under the free-space path loss model, what transmit power is required at the base
the min

station such that all mobile devices within the cell receive a minimum power of 10
uw?

required power

By +he Frijs Eqguedion,

Pr _[/C1cBr. ¢ )2.= ( E\x%{r

2
10N = — )
7 Pe 4rd £ *77"“’0”2‘“}”

Pr
-6 % 2 -1
P, = 10%x 40 ’Ctﬂ]fx‘loo)z 1447 x10 % 142W

= 5;-:10 He
b. How does this change if the system frequency is 5 GHz?

2
fr _ toxaB = 12 x(47%5)" 2 4024 kW

-

(/?;’:; ) klﬂru 100%x5 *}0’ )

Alternatively, we can first find the power loss when the freq is changed from 900 MHz to 5GHz.
Under the same transmitted power, the received has a loss factor of

(28"

Therefore, to get the same amount of received power, the transmitted power must be

fe =

increased by a factor of 5 )"_
[Example 2.1 in Goldsmith, 2005] ~°*%
8
So, we nreed P = 1,%.&‘ 22:100 = ‘tﬂOF’- 2 4.3 lew
= ”q a
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4. Let us take a look at the microwave ultra-wideband (UWB) impulse radio. UWB is a power-
limited technology in the unlicensed band of 3.1-10.6 GHz. For the multiband OFDM (MB-
OFDM) UWB systems, there are 5 band groups whose centers are provided in Table 1 below

Table 1: Relatlonshlp between center frequenc:? and coverage range for MB-OFDM UWB systems.
A

A
Band Group | Center frequency (MHz) | Range (rr;t_e-;;\ = ";[—1
1 J, = 3,960 4,410 ~
2 /= 5,544 dy= 714
3 £, 7,128 d, =556
4 £, 8,712 d, =455
5 #.+10,032 ds=395
According to the Friis equation, given the same transmitted power, propagation ""'::‘n i“_h‘""e

attenuation will be different for each band because they use different frequency. (This
variation of received signal strength can be a bothering factor.) If band group 1 can cover(10
meters) estimate the coverage ranges for other band groups in Table 1.

Show your calculation and explanation here but put your answers in Table 1.

One may immediately conclude from seeing this

P / 6 cn [4 1 2 e expression that, to keep the received power
TwWe Friis E(sdﬂ.“' ron Sa)/3 LiLa = T > — = == constant, we want to maintain the product d=£

8 2
P‘h l-r)f J f & f Therefore, we must have d‘rﬂ CL;‘ which implies cl; = Cl‘_”'_
J A The explanation below tries to look deeper into “
. > - the reasoning behind this conclusion.
At /1 , the vange (mox ditemce ) s , S m,
Se the min  Owiount of f, rt%u;f&d FOI tre J)’ S“‘f-w': Yo work s Pr
’ @ 3 AN

Now, at é , auw-inb that Py s the same, then at disrance cl. the veceived power s ¥, "L:;‘ );"1"

S, b hove P, of af lemt K P we need ,1\ > d ¢ 4L = 3Apee
Extra Questions (EA) (¢4 Jy\ (d % £

S o

$o 'H'\u 18 ‘\"‘t
c,ormfmd "y ransf. C)‘,

Here are some optional questions for those who want more practice.
(max Juim.a)

5. Consider the set of empirical measurements of Pr/Pt given in Table 2 below for a system

. ofe cal VA I Gn wa v, o el i L=
operating around 900 MHz. Note thal in [Nan, Guo, Oiu,Mo, mnd Talwhachi, 2007 ],

\

2
the g;s ove ia auf(:{,\'y c,anlz.ulﬁjiba From dld; = Cl‘ i 1;:)

Table 2 Path Loss Measurements ) .
which 9ives  5.10, 3.0, 2.03, ond 156 respectively.
v

Distance from Transmitter | P/P:
10m -70 dB
20m -75dB
50m -90 dB
100m -110dB
300m -125dB
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a.

Find the path loss exponent y that miRimizes the sum ofisquareidifferencesibetween
the calculated dB power ratio using the simplified path loss model and the empirical
dB power ratio measurements, assuming that do = 1 m and K is determined from the
free space path gain formula at this do.

2
Hint: Recall that 10log,, R =(10log,, K)+10log,, %, where K = LZ .The
P d 4rd;

t
values of f and do can be used to determine K and hence b. So, the only unknown
parameteris y.

Here, we are given 5 values of d which we will denote by d,,d,,...,d,. For a chosen
value of ¥, we can plug these distance values into the formula above to calculate

10I0g10% which will be close to (but not exactly the same as) the 10log,, %
t t

provided in the table. Our task, then, is to find the best y that minimize their

(average) difference; that is, we want to mimimize

5

Z[ﬁ ‘((wlogm K)+710log,, ?TB

i=1 i

where T; is the empirical power ratio measurements provided in the table.

To find the best y, simply find the root of the derivative wrt. .

Find the received power at 150 m for the simplified path loss model with the path
loss exponent found in part (a) and a transmit power of 1 mW (0 dBm).

[Example 2.3 in Goldsmith, 2005]

[Calculus*] Consider the random variable R whose kInR ~ N(u,az) for some constant u

and positive constants k and o . (An example of this is the random attenuation factor that

models the path loss and shadowing effect in wireless communication.)

a.

Find the pdf fo(r) of R.

Kin(r)—
Find the expected value ER. (Hint: Let z = M Then, use the fact that the
o

integration of any pdf will always give 1.)

Find the median of R. (This is the value of r at which F; (r) =—.)

N |-
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Solution for Q5: Simplified PL Model: From Measurements

L2
(o) Simr\i’r:ul path loss model ; -;-’-:"' l_%?.)b
t

oc

M"—j /—-/'.--__-\
In é&_, his s Pri-a‘] - rt[‘.] = “‘%”K ry 10‘03“' l,%) x
. 2 c 3
e s o 35 <o)< (820

Here, £=400 MHa, dozt m

11-0:4-'“, 1o|oj“ K = 1qe l°3to (:,%d.f)t % -21.53 48
b

Nole +wat & is of +re form yle) = b+¥e 4
, iy ool (T2)

We ore given five pairs of Vi, %,

(3
We wort o Find ¥ thot minimizes Mmig = E[ng- y,;)t = 2 (be¥e; -yt
A=A A

o, we Find f— msg = 2 2 (ba ¥, -y ). = bz_u‘a +'a'2x;'- 2.y, para®®

¥ A 3 i
The valve ofF ¥ ¥rat wokes g-;MSE =0 s »

]
= g Fo 10 -84 FF

20,7, -bag
L ] ~

-60
¥ = * 294 # data .
2 70 — — slopefitting ',5‘
a15) = 2¢ . - —-—-linearfitting
0’ . “ *® L
-~ A
B e ]
f';';l
/ 90+ * _,:,-.’/'“ Note: In MATLAB, onfe can findland plot the
K}m’ straight line that fits the data bgstin a
)' J . oL, = L least-squares sense from
~ -~ ~ 100 e plot(x,polyval(polyfit(x,y,1),x))
- "0 10 =10 »_;‘/ Such command does not utilize the known
-3 o0 -3 T A
-q0 so -17 pras
o

- o0 -

1o 1 20 20

- -~
-128 200 24.73 s
-130 ! !
-25 -20 -15 -10

() A+ d= 150 m , oe= 1o log‘g(-i—') = -24.36 .

¥

y=brie x-112.39
So, r 48] -, [d8]) = -n1z.24

£,[d8]) =F [d8] -112.2y

(. [8~] ab[demT) 112,24 = -112.2¢ dém.

N
[-]



In this problem, we apply the technique studied in
Solution for Q6 Shadowing: Lognormal RV ECS315 to find the pdf of a function of continuous RV.

. -4 LM)"
. 4 &
(o)Let X= kdin R . Then, X~/V'[/u; L) which kmrlues }ﬁ(d:) =/x_rl$ e .
Fi

£, we N shoa et R i3 e contavow Ry,

From x:k‘&g‘ we sece that For eudh R zv velue, e
thet satisties thelr relatonchip. Becawe R s o conbnuvous
R is also o contnvowm RV,

Next, to tind tre pdf oF R, we Fest Fiad ' CDF a@nd

s ot most one recl-valied X =g
vV, me un the, conclude thal

w @F o> ke
From R=e€ F =P[R ¢r] = p[e”™ ¢ r] Se[x 4 kar]
7 Fe(kénr)
= LS v -
This weans R > O. : r.[‘., r D0 N -.1("“_'."_‘;—/"')"
le
So, Fa[_r):o ‘Fof v 40. f;(r) =-;; F&(r) = _.".‘.; )i[lu‘n.r) = -;/';';A e
# A‘F"Lf)='° ;6’ "\'D kLV - 2
d'f 1 -'1'[_ P-4 ) R r',o)
e
674

AI-H-quh we AJ net cedeulate
v .4_ Q.’ the valve ot }n_LfJ (= f'=-°/

becavse R is co coatinvow Rv,

we cun st-.,ly asign

oo oo _l(kk"‘{“)l /;(_r) -D@ r=0,
LY e “ < J
(b) EER = S"fa"" = [/{}A v
o °
Let we klar - o de =T:_j'-dr
4 4 bx v
dy cLvde-ge B d
Therefore, . g S A afe Y)Y
ER= | € ¢ e * L
— G r—>0 we \ﬂﬁﬂ ‘1"” -
oo . (&- u)t 4 S\
‘i‘*‘;‘[_%)t S'L‘ da ‘c'u. z(h)
= e (Z_F

L_)Tl-.i, N r&f O‘F o Gauss'.a.y\ rRY
whose expected value is B/

ond variance 13 1.
In'\-cjrw\-iﬂej PJ{ 3'.vu 1.
LC) We wont Yo ‘F.‘ﬂd v af which Fp.Lr) :.-12-:.
Recall, from f""‘l' (e), that Fg(_v) = Fx(kﬁar)_

By the symme.i'v); ot /xr_&) avound it e&rcchJ vv-\ut/u‘
we kvrow that Fx(k,@u v) =i:. when  kbnr = .

Tlnue-Foft, ouv 50u3\r~1'-¢"hl value O‘F v 1s €& .



