: (/Djef Dn/b/ "e«’—&!ves c/aesn-t', ‘ILro,nsmué
/-8 de// Pl’:ona — dransmiis over /Dnﬁer dl&‘/anr.es 741&”

aora//¢55 Phone—
9] Z]‘ e user has one zm/ﬁ(tLﬂMQ/z{ay

Mﬂ 0&ﬂ@f%/ /y{e - tox/oso ()"A - minutt)
v (b0x24-3)X35 + 3X250 (mh-minede)

= 1175 ﬁ(‘f’/-‘ = 282 howss

Zf e wser fas ouw 3-pemue  call orery 6 A‘"_‘f’
bhe battory bife = fox /o X§ 2 2748 haurs

(foxg-3x35 + 2x250

If My user has one  3- munute (afl f’b‘ey /E"uf

the bettery life = —LOXI*0 - :
’ ‘7 f (60-3Ix55 + 30250 ‘/_fgg /m‘j

Jhe waximam Golk Time = -%%’33-:240 Iinkides = 4 howrs
4 .




i

1. Battery = 1000 mA/hr

Call =250 mA

Receiver = 35 mA

Call Duration = 3 min = 0.05 hr .
a) If the user makes one 3-minute call every day...
Average battery life =

during call: Tt =250mA - (0.05 hr) = 12.5 mA-br

(1440 - 3mir)
during rec: ™ =35mA - 60 = 838.25 mA-hr

total for 1 day = 850.75 mA-hr

1000mA ‘hr

85075mA hr 2B

Average life = = 2é.21 hours
b) If the user makes 1 call every 6 hours...

Average battery life =

during call: ' = 12.5 mA-hr

357 .

—35
duringrec: ' = 60 =208.75 mA-hr
avg. For 1 call/6 hrs = 220.75 mA-hr

1000ma-hr

—_— % " . 6hr
Average life = 220.75ma hr =2718 hr

If the user makes 1 call every hour...
Average battery life =

during call: ¢ = 12.5 mA-hr

57

during rec: T = 60 =33.25mA-hr

avg. For 1 call/hr = 45.75 mA-hr



1o Cntd
1000ma - hr

Average life = 4575ma hr =21.86 hr

1000ma:* hr

Maximum talk time = 250mA =4 hours

3 battery states

idle = ImA

wake-up = 5 mA
transceiver = mA
Average battery life =

In order to verify the influence of the duration of these periods
(idle, wake-up, and transceiver), let us write the expression for
1 hour:

1 hour:
1 Tc-hour call

1 Tw-hour wake-up mode
1 T-hour idle mode

So we can write:

1Ahr=

ufT, x 0254 +1,¢, x 00354 +[N(T-T,) - T, Jooo1)
where u = # of hours of baftcry life

N = # of cycles (idle-wake-up” per hour

1

T, (cail)

CYCLE
idle-wake-up= T

x

N|
—3

T

,‘_,‘

TW

4
IDLE K
el

i

1 howr

Observe that we consider that the call occurs during idle mode.
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Battery Lite Time (hours)

Battery life vs Duty Cycle
700 T T —T T T T T T T
600 1 call for 24 hours ]
500 - T
4001 A
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100 1 call per hour i
K XX 222885 ¥ X - FEEEEE R
0 1 1 1 | I g L 1 I 1
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{.lo con{C/

% Text 1.10

%t Battery life for one 3 minute call every hour
for i=1:100
x(i)=1/(((1i/100)*(57/60)*0.005)+(((100-1)/100)*(57/60)*0.001)+(0.25*3/60)

):
end
plot(x,‘0o’);

hold on;

% Battery life for one 3 minute call 6 hours
for j=1:100
y(3)=(1/(((3/100)*(357/60)*0.005)+({(100-3)/100)*(357/60)*0.001)+(0.25*3/¢

60)))*6;
end;
plot(y):

hold on;

% Battefy life for one 3 minute call every day

for k=1:100
z(k)=(1/(((k/100)*{1437/60)*0.005)+( ((100-k) /100) *(1437/60)*0.001)+(0.25*¢

3/760)))*24; :

end;

plot(z, '+');

xlabel (‘Duty Cycle’);

ylabel (*Battery Life Time'’);
title(’Battery life vs Duty Cycle’);

b



/.10 Cont

Now, defining he duty cycle by,

L
= —— I =

Also, since N is the # of cycles during 1 hour, 1=NT

So, we can rewrite the expression for the battery life as: _
;- u{T.0254 +D0035A «[1-D~ T, Jo.001)

or

u={T,0254 + D0035A +[1-D - T, o001}

hours

In the figure on page 7a, we can see the curve fdr battery life x duty cycle
for one 3 min. call/day, four 3 min. calls/day, and 24 3 min. calls/day.

We observe that since the power required by the phone during’
a call is much higher (250 mA) than during idle and wake-up
states, the battery life is reduced dramatically.

| Fa 3-imnste (Lﬂ/&{/zj

20¢ - )
oy Life = fox /oo (mA-minite) . dowe — 123,
éwﬁj /é (60x24 -3)x5+ 3x & g-03 dnys __/75 74 Kours

Fr 3 munul€ —-Caﬂ/ b hewrs

60)(/000

éme'y Af% T (ox6- 35 1 3150 K6 = 17778 pours

For 2 wmunnle- adl / howr .

R _ Gox fooo N
éaﬂety /_o/é = le-DA5 75150 -//4-.2? hovas

The masimum Talb Zrg = ___f_"_;{ff_ = /50 puniites :/Z-EA&WS

7



CHAPTER 3
3ﬂ Wy fg’r MN=E Z:j-fjl , w2 @n do the fnllawvj
fo fihd e neerl  (0—(Aannel M//y/éo‘/s o ]‘ 2 /Nf/bt‘&f’

cell : | |
() meve T Colls almj arf chan af /Lz.xizfm ernd than

(2) Twn Bo dejree Covnter- laebwise and puve // cells
From the fol/om}j f[jccrf , “Wj Z (7, /flw‘, we
fave

D= [7‘-(1/\”)]2*[ A (2}?')]2‘22‘- (2R)- j-(zk')- 5 ,.?o°
Where R'= —ZE-/?, Mw/m %

p= 32~2‘F1'f?j2~ﬁ;+z}]'-3ﬁz
- ,/3(2‘51‘:‘-]‘-.:]‘2) R
= J3nv KR

Hence , Q= —/\,Q:ﬁ;

/7



34| (&) 20 MHz /[25 kH: * 2] - 400 channels
() 400 /4 = 100

}E’[@let N é—@ e nwnévr )/C CO—M 77)2‘67@@/7 c&é[/s
for omri-deredimal  ontenras . 1,26 . Assume N=4.

we have —f: (‘/237) >15dB=3/623 ——//V>4‘5?
= N=7

(b) for 12° sedan/u; , lo=2.
5 (J;F)

D343 B N>245 = nM=3

(¢) for 60° Seclrring , Zo=1 .
S va
T 08 = Wor8] D=3

<o

From (o). (b) gnd (c) we can See hat us&j /aa°5edanf7

Can Mareese A2 Cydci_fy é] a ]facz‘ar o/ 73 or 2333.

/M%ryﬁ M&bj 66’ S&Tﬂ‘n}j an alsy mcease he C_Cj&wxéf

by the Same ]éu‘ar A il decrease The bmééy %‘a‘ev

p‘/me]érf we chouse e /20° sectoving. |
E sofution not avalable

20



3

- ~
a) Calls are not lost due to weak signal condition during handoff if:

di;tance traveled during handoff  dmin — dro
mobile speed -

* dpmin, = received power at BS) reaches P in

> 4.5seconds (2)

Pr,ml"n =-29 1°g10(dmin) = dmz’n = 10-P"m""/29 = 1083 m (3)

*+ dyo = received power at BS) reaches P, yo

Pf,HO =-29 logm(dyo) =dyo = 10-Fro/28 (4)
Using (2), o
1083 — 10~ Fr.u0/28
22-22(m/8) Z 4.5 Seconds . (5)
Puyo > —86.8 dBm (6)
Thus,
A = P50 — Prmin = A 2 1.2dB. (7)

b) If we set A too large, several unnecessary handoffs will be requested and

performed, increasing the signaling traffic between the base stations and

" mobile switching center (MSC). On the other hand, if A is too small, that

is, Pr.zo is only slightly greater than P s, there will not be enough time

to complete the handoff (especially for high speed mobiles), and calls may
be lost due to weak signal condition.

| ?s; (F)
(i
7'0

>31628 S N>/ :>£/_=_L€

> 31623 = N>529 => p=7

T
. < n
(¢ 72.=1. T:__(L/IB_W_)_ >3/423 =S N>2B=DN=4
From (e, (b)afw/(C), Wwe can See that usinj bo° S@(Iaﬂfy
Can  muease {hy chom( éy ﬁufar o]‘ 12/3 , or 4
For (2o° 530("”3 W ]‘Mfr 24 Mﬁa/ 12/7, 07 1714 .

TAMC][M . e chgsse he po° Sea‘z:nr;

2/



77
(2) 5 g’;”__‘z;z - 4oo chamnels

400 o hannels
4 eells

= [0 aha—nnefs/ce//

() 907 of J00 E//ﬂnjs = 40 Erla.ngs
<40= UAu = L//D./) = U/ = 90D users

(c) of/‘—[e’reJ 9’05 ; d:/DD = 0.03 ﬁcmgrap/‘) (}’73.3‘&)
3% écS
@) Each 5641‘01’ pas 33.3 chamels . G0S < 3%
om ijph = x 25 [,5,95 /sw(w
(Fg.3

25 = U Au éze,l;,)
= = 25D x3 sec_‘a’ors

U=750 users

_/e) 2500 km*

5km; = 5}0 CC’”S = 500 X ?00 Ufﬁf%c//= m/mlﬁe’s

G) s00cells =» 500X 75D userfjell = 375,000 users
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W % e Same methal wsed 8)(51/?/3 3,? When 70,'7
fn)m dmni-clreet el anfennas To 60° Seotrred anfennas
14 /W/néers]‘ cAarned < ijec[@’:—g—z:?-é_. Grven

Pl blaking] = 11, from the Erleng B dostridution we have
He Totad ojfma/ Z‘ra];’]‘;‘c mkmé/ ]&wSec(ar Az4y 5475

For 1= /(4[(//{1”' H=> mmute/(a[( ths /lumberOJKCq//S

Hat Cach smch sestor can fandle por hour  7x
U=-2L- - %1 _
= =723 wsers

uH 3{7 2
= cell cym/? = 6X/23 = 733 wsers, from exgnf/eo?‘ﬁ,

= Lxs o ‘érankffzg ejé“c[en? = /-_ZL =094 = 44/

/324
7]

(EIRP = 32 watts, cell radius = 10 km. GOS is 5%, blocked calls cleared. H = 2 minutes, andp = 2 calls pr hour.
Assume cell will be split into 4 cells.)

a) What is the current capacity of the “Radio Knob” cell?

Using the functions defined in problem 2.7

u=2 :=-€6 A,:=0.067 Erlangs v
P:=05 Probability of blocked calls

C:=57 Assume N=7 cell, AMPS

A:=40 Initial guess

Ay(P,C):=root(GOS(A,C)-P,A)  Solve iteratively for total traffic
Aqy(P,C)=51.528 Erlangs

A;(r,C)
A

Number of users is U:= U=772.921 or 772 users

b) What is the radius and lransmit power of the new cells?

Since the 4 new cells must cover the area of the old cell, the radius of the new cells must be R/2, where R is
the radius of the old cell. Then the area coveéred by the new cells is

RY R?
41:(3') =47 TJ =nR? which equals the area of the original cell

27



3-12 C(Jnf ’CI
To maintain the same SNR, the power at the edge of the new cells must equal the power at the edge of the
original cell or

RY™ P,
P ] R4:=P 2 (_Z—J and P2:= ﬁ

where P, and P; are the powers of the base station in the old and new cells respectively.

Py =Prew

If Py=32 watts, then P;=2 watts.
¢) How many channels are needed in the new cells 1o maintainfrequency reuse stability in the system?

Each new cell gets the number of channels of the original cell once
the cell splitting process is complete.

C:=57

d) It vaffic is upiformly distributed, what is the new traffic carried by each new cell? Will the probability of
blocking in these new cells be below 0.1% after the split?

1

U:= P U=193 users per new cell
- A=U-A A=]2.867 Erlangs
GOS(12.87,57)=0 The probability of blocking is less than .1%

{3 Since users are uniformly distributed over the area, each cell in the cluster is
 assigned the same number of channels:

M
NC = %7 (8) 3
where N '
N¢; = number of channels per cell
M = number of channels available in the system (300 channels)
N = cluster size 9
Given the number of channels per cell and the designed blocking probability

P, = 1%, we can computé the maximum carried traffic per cell in Erlang (C¢)
using the Erlang B formula

Cc = Erlang(Nc, B), (10)
and the maximum carried traffic in the system C:
C=Cc x84 (11)
Since each user offers a traffic of 0.04 Erlangs, the maximum number of users
supported by the system is c ’
Ny = o (12)

Table 2: Number of channels per cell (N¢), carried traffic per cell (C¢), total carried
traffic in the system (C), and maximum number of users in the system (Ny), for

cluster sizes N = 4, 7 and 12. Blocking probability 1%.

Cluster || channels per | carried traffic | total carried | number of

size N cell (N¢) per cell (N¢) traffic C users Ny
4. 75 60.73 Exl 5101.09 Er] | 127527
7 42 30.77 Exl 2584.81 Erl 64620
12 25 16.12 Exl 1354.49 Erl 33862
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510 area of & cell (Pmgon)= B =3 (04700) Z 0 5 Tkt
nunber of wers i a coll U= ares of . coll x wsor densily
| = 0574 x 9000 = 5767 woers

= A=U-uH = ;/57)( Zo X1 = §6.1 fré,js . |
Given (= Go. from biteng C chart. me have Th /afow,-/-,}
tat a all will be de[ajea’

prldby>e] =05
=> PrLddlg >0 ] = Prl deey 0] Pel dlay 0] ey

=05 x exp[- (10-861) xas/fe]
= 03 6




