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i, Battery = 1000 mAShr

Call = 250 mA
Heceiver = 35 mA

{all Duration = 3 min = 0.05 br
a) If the user makes one 3-minute eall every day...

Average banery life=
during call: & = 250 mA - (0.05 hr) = 12.5 mA-hr

(1440 - 3mmis)

during rec: @ =35 mA - 50 = §38.25 mAhr
total for 1 day = 850.75 mA-hr

1000mA hr

G50Twh B L 2821 hours

average life=
b) If the user makes | call every & hours...
Averape battery life =

12.5 mA-hr

during call: L

157
=35
during rec: ' = 60 =208.75 mAhr
avg. For | call/6 hrs = 220,75 machr

1000ma-br
T
Average life= "~ ‘ =17.18 hr
If the user makes 1 call every hour...
Average battery life =

during call: * =12.5 mAhr

57

.35
during rec: ™ = 60 =3325 mAdr

avg. For 1 calllr = 4575 méA-hr
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Lo lent c{
1000 ma- hr
Bomae
Average life = '/ JTATRT =21.86 hr
1000ema- hr
Maximum talk time = 2-0mA = 4 hours

3 battery states

idle = ImA

wake-up = 5 ma
ransceiver = méa
Average bauery life =

In order to verify the influence of the duration of thegs periods

(idle, wake-up, and transceiver), let us write the expression for
1 hour:

I hour:

1 Te-hour call
I Tw-hour wake-up mode
| T-hour idle mode
S0 we can write:
1 Ahr=
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where ¢ = # of hours of battery life

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

) | H=3
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idle-wake.up= T
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Observe that we consider that the call occurs du ring idle mods.
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end;
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Example |:

In general, the average power of vi(1) is F = _[/ {I‘.}| dt-T_} Tf/.v {thv, *{t)dt

or, P,:(iv,lft]lr) Jv, ol —(',(t}.vlftl)

scalar product
e —
mean value of the
scalar product
if the above is periedic over the interval T
then

s 1 (™
P, = ﬁ”{{ vi(o)f dt =-ﬁj7;2;v,|:t}v, *(t)dt

novw,

Py =[v, 0+ vy = bl + (v, 1;»1{:}} {v:ﬂ}_v,[:}}+ﬁv;[!][,|:

and

(V2 (0,9, (0) = (v, (0, v, (0) *

and

li 1 /%
(@)= ~Jf,v,mv “()d

Simil a.rl_,, if we can assume 1¢'[1] and vy(th are both perindic with peniod T, then

(v, (07,0 --—J'vv (1)v, *()dt

I the signals are uncorrelated, then v y (L) # ¥4 (1) has a correlation of
Rw = R|{::] T Rzlg{r:l + Rz_| (t)+ RJ{T]

If wncorrelated for all 1, then

R ()= E[v,{t}vl{t + t]]= Elv, {t]]E[?!([ + t}]

If the signals are uncorrelated then Py = P, + P, and ar least one signal must have a zero mean,

There are no other special conditions, since it was stated in the problem that the sipnals are statistically
independent. A gaussian process is also assumed.,

This komework problem submitted by Mark Glasgow, Northern Firginia Site, Commonweaith Graduate
Engineering Program, Spring 1997,
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Example 1

33

Given

pwir independent voliages wit) and W51} that are added topether, determine the nomalized everage pawer

P, = (v (0 + va(O) = Elv} )+ ELv, ")+ 2E[v, JE[V,]

Hi El".'l]-——ﬂ of E[‘-’z]=ﬂ or EI"-'I]=E[\"21=U

then the Fesulting power is

- rd
Poo=v, +¥:

which

is equal 1o the sum of the individual powers.

16 wdn) and Vol are uncerrelated (hut not necessarily independent} the normalized average power of the
voliage sum is

P

From 1

(w0 + vy () = ELv, T+ ELv, 1+ 2BV, ]

A

he comrelalion propesy, if the PO sipnals ars uncorrelated

E[v,v;]= Elv,JE[v ;]

0 hW0

signals that are uncorrelated will have 2 combined average power equal 1o the sum of the individuzl

powers if either signal is mean zer.

It should be noted that statistizally independznir.v.s are uncorrelated, but uncomelated £v.s may or may oal b

SLatistl

Also, i

cally independent.

T the signals ase onhogonal,

E[v,v;}=0

This homework problem submitted By Jahn B. Call, Commonwealth Graduate Engineering Program, Spring

1987,

-
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(@) 20 MHz /[25 kH. 2] ~ 400 channels
(b) 400 /4 = 100
510 Lot 7o ke e numbsr of Corthavuel rterfeing colls,
]‘CW gmot-deredial  padennas , 1,=6 Assune n=4
U
We have 3. (J.;;) >15dB=31622 = N >4.59

K

Im T4
= N=7

(b)) For 12:° sectoring . 7,=2.

N v

- n

7B s S W ngs s aes
(cy for 60° Secloreng | 0=/,

.i';_ {, M).J -

T === >35420 = M>r8f = AN=3

= =3
From (a). (£) gnd (c) e ran See e wsin fgo“’fa:_z‘c:r/@
(an  Mrease Th2 E_ﬁy?acc? céjf A factor :::f 7¢3 Wz-ﬁf‘j.J
ﬂﬁﬁm-ﬁﬁ ms'ﬁ 6o .'Fti’o?’t?}w'j? Gn alsy meesse The Copacty
xﬁj e Same fmfw*, A well Gecregse The f‘}mz{’&y %‘c;&fﬁ
Efﬁ#.:?ér{ We chorse Hp Jap® Seceving.
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Ex)
a) Calls are not lost due to weak signal condition during handoff if:

11 . praveled durin hand in =4
distance travel uring handoff _ da HO 5 4.5 seconds ()
mobile speed 1} !

¢ doyn = received power at B35, reaches Frmin

0 logg{dmin) = dmn = 1077 = 1083 (3)

Fr.l'ﬂ-l-'ﬂ -
s dyo = received power ot B5, reaches P.sio
Frno = ~28logyql dyo) = duo = 1~ Fre /% {4)
Using (2),
1083 — 10-Frrp/H
_-_n—'_._-_ ol i
‘AEEEQLTH;'IS} = 4.5 seconds I..EI]-
Pyo = —B6.B dBm (8)
Thus,
A= PT:HD - Pf,rrlm = A2z ].ZdE. [?‘:I

b} If we set & too large, several UNTIECESSATY handoffs will be requested and

performed, increasing the signaling treffic betwesn the base stations and

mabile switching center (MSC). On the other hand, if & is 100 small, that
iz, F.mo is only slightly greater than Prmin, there will not be enough time
to complete the handoff {especially for high speed mobiles), and calls mey
ke Jost due to weak signal condition.

38 For =3
: < h
(a) 1==6. T :-—{ﬁa >30628 =S M = A/ =1L
6y o2, T ° ﬁ;%)' S 31422 = N5 = _N=T
i < _ " -
(¢ 7=+ T 7 ,_{_?JEE}_ :“ff'élﬂ == N-‘?-i'-ﬁﬁ%*;\f:é

From (a0, (byand (€D, WE €24 see at u5£«j 6o° Sz.:zﬁé-g
(wr maeake TAR cafmr'{’j; 5;; ﬁjﬁiﬁ.’-’?‘ of /2/3 , or 4

for 180" Sectaring , Hheo o 2 oy 127, 170
Tf{”ﬂfdﬁ e Chosse e Go° Se::xfaw};;.
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|

~

Cluster: cells o, B.Cand D
First tier of
co-channg| celjs ?

Cells A shars the same channe|s

Figure 1: Cellylar system using cluster size & = 3.

channe] interference received at the mobile, and STR at the mahile

The contribution of co-channel base stations ig the {-th tier to the total o
channel interference is the sum af the intorforence signals from those base sta-
tions, received at the maobile

43
=% pl, (2)
k=]
where Ff_i] is the received power at the mabile, from the k-th base station in
the #-th tier, given by : .
o _ 1
Fx=F ( E;‘_J) . (3)

di¥ is the distance between the mobile and the k-th base station in the f-th ter.
In this problem, we assume that the mobile is located ar the cell boundary (worst
case situation), where it receives the weakest desired signal from jts serving base

size N = 3. Tahles § threugh 7 show the location of the co-channe] base stariopg
in the first thres tiars for cluster sizes N = 1,3,4 and 7.

The total interference at the mohile i, therefore,

3 -3
I=% > p (4)

=1 k=)

Iable 1 shows I normglized with P/R", for each tier and path loss exponents
n=2 3and 4 and cluster sizes N=134and7 .

2z
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Tehle 1; Interference I'9 for eluster

size N =1, 3, 4 and 7, and path loss exponents

n="7 3 and 4.
cluster | T (mormelized with Py/R")
51Ee [ tier t n=72 n=23 n=4d
1 37857 2.3580 21658
N=1]| 2 1.2959 4660910 | 17725107
| 3 | s.3080%107" | 1.8369%107" 49571 %107F
T [ 75206<1071 | 2.0128x107" T.1006%10 1
N=3| 2 4.0718x10-" | 7.6130%1077 1.4731%107°
3 | 2.6855=10"" 39940x 1077 | 4.1833x107°
1 T 4480=10-1 | 1.74B1x 107 58101 =107
| N =4 o | 2.0008x107" 18511%10°7 | 8.0107=10"7
3 || 2.0065%x107" 2.1471%10°? | 2.3178x1077
1 a.0003=107" G05TT=10-" | 1.6610%107"
N=T 2 | 1.6006x107" 2 0444%10°% | 2.5081 =107
| | 3 fradnx0” 0.1740x10~* | 7.4223%107¢

Tahle 2 Contribution it af eo-
channel interference: cluster sizes

channel base stations io
N=13 4and7 and path 1o

the t-tier to the total co-
gs expanents n = 2,

3 and 4.

l:.hlS-LEI' r!| C'.‘-] {%}I
size |‘t.i+:rl n:2|n=3'n==.-1
™1 | 56.70 | 78.34 | 90.78
nN=11 2 [ 2639|1549 743
3 | 1691 ) 617 | 178
T 1 52.86 | 72.68 | 86.29
N=3| 2 [ 2827|1900 10.65
3 f1ss7 | 832 | 3.08
r 1 T016 | T1.41 | 84.93
N=4) 2 | 2863 1982 11.69
3 | 1991 | 877 | 338
1 | 5145 | 70.14 | 83.87
N=7l 2 | 2809|2061 12.67
3 |19,57 9.25 | 8.76

We ean olso express the contribution of eo-channel base stations in each tier to

the total co-channel interference using

Table 2 and Figure 2 show

i

i = T x 100%.
— x 100%

€1t for each tier, and path losssexponents & = 2,3

and 4 and cluster sizes N=1234dand T

2%
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Figure 2. Centribution C of co-chanps| bese stations in the i-tier tg the total
co-channe! interfarence,

The signal-to-interference ratio when ooly T tiers are assumed, denoted by
SIR™, is computed by

P

(T _ asr

SIH = ]U]Ggm W I[ﬁ}
where Fy, is the power of the desired signal received at the mobile and given
]fll:r' P = .P; R-n
Teble 3 and Figure 3 show STR™ for cluster sizes N'=1,3,4 and 7 and path
loss exponents n = 2.3 and 4,

b) Co-channel interference analysis

From the results presented in Figures 2 and 3, we conclude that the contribution
of base stations in & given tier depends mainly on the path Joss exponent.

The number of tiers we need to consider when computing SIR depends on the
desired accuracy of the results, In this problem, we will assyme that we can
tolerate an error of 0.5 dB in the estimate of SIR. We have assumed that anly
base stations in the first three tiers produce considerable interference, Base
stations in more distant tiers produce negligible interference, Therefore, the
true SIR at the mobile is STR(Y
. Flaes
SIRY = 1p lOg, m (7}

The error in the estimate of STR when only the first T tiers are considered is
Er=SIRT - SIRM 7.1, (in dB). (8)

24
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caly the first T tiers of co-channel cells are considered.

s retio at the mobile located at the cell boundary, when

Table 3: Signal-to-interference ratio at the mobile located at the cell boundary, when
the first T tiers of co-channel cells are considered: cluster sizes N =1, 3,4 and 7 and
peth loss exponents n = 2, 3 and 4.

25

eluster STRE (41

gize [T |n=2n=3|n=4d

1 -4.45 | -31.73 -3.36

N=1l2]-611 | -451 |-370

3| -6.91|-4.70 | -3.78

I 10 1.24 | 5.36 | 9.24

N=32]-062) 435 | 874

3|l -1.53 | 3.97 | 8.60

T 284 | 7.57 | 12.35

N=4l2] 074 | 6.5 | 1179

3|l-0.19] 6.11 | 11.64

Tl 523 | 11.58 | 17.82

W=7l 2l 320 | 1046|1721
. laf 284 1004 17.04 |
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Using the results from Figure 3, we can compute EJ,
3, 4 and 7 and path loss eXponents o= 2, 3 and 4.

Table 4,

We conclude: for error = 0.5 dB,

= Path loss exponent n = 3

We need to consider all three tiers, regardiess

= Path loss exponent n = 3:

We need to consider the first two Liers, regar

= Path loss exponent n = 4:

For cluster size N' = 1, we may consider the first tier only:
M =3 4and 7, we need to consider the first

Table 4: Error in the estimate of SIR usin

N =

PR

two tiers.

of cluster size,

dless of cluster size,

& far cluster sizes N =1,
Results are presented in

for cluster sizes

g only the first T tiers, for cluster sizes

1, 3,4 and 7 and path loss exponents n = 2, 3 and 4,

cluster || Efx (dB)
size |I|n=2[n=3]n=4|
N=1|1} 246 [ 1.06 | 0.42
(2 080 | 0.28 | .08
N=3 11277 | 1.35 | 0.04
20 091§ 038 | 013
N=4]1]| 2837 146 | 0.71
20 093 | 040 | 015
N=T[1] 289 | 154 | 0.78
[2) 08 | 042 | 017 |

Table 5: Location of co-channe] base stations in the first tier. Serving cell is located
at the origin of the coordinate system. Coordinates £ and y are normalized with R,

N=1 i N=3 N=4 N=7 ]]

B X ¥ X ¥ x ¥ X ¥ i
| IE L0000 08660 3.9000 04 3.0000 173217 45000 -0.8660
20 00000 1.7321 | 1.5000 %2.5981 0.0000 34641 [ 30000 3.4641
3| -1.5000 0.8660 || -1.5000 2.5981 | -3.0000 1.7371 -L3000 43301
4 {-1.5000 -0.8660 | -3.0000 0.0000 | -3.0000 -1.73M -4.5000  0.8650
50 -0.0000 -1.7321 | -1.5000 -2.5981 || -0.0000 -3.4641 || -3.0000 234641

6| L3000 -0D.8680 | 13000 -2.5081 30000 -1.7321 || 1.5000 -4.3301 I

26
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Tuble 6: Location of co-channel
located at the ongin of the coord

base

stations in the gecond tier.

inate system. Coordinates £

Serving cell is

and y sre normalized

with A

L’, N=1 I'1‘ N=3 | N =4 ] N=1 [
] X ¥ x ¥ X v x v |
7] 30000 17321 £.0000 ST o000 34641 | 90000 -17321 0
" 8| 15000 2.5081 | 45000 25381 40000 51962 | 7.5000 25981
|9 00000  3.4641 | 3.0000 51862 0.0000 £.0282 | 6.0000 69281
10l -1.5000 2.5081 | 0.0000  5.1962 30000 5.1062 || 1.5000 T.794Z 0
!11 0000 17321 | -3.0000  5.1962 | -6.0000 3.4641 || -3.0000  8.6003
12 | -a.0000 00000 | -4.5000 2.5981 iﬁ.uunu 0.0000 || -6.0000 51962
13 | -3.0000 -1.7321 | -6,0000  0.0000 F 60000 -3.4641 || -9.0000 17321
| 14 | L5000 -2.5981 | -4.5000 -2.5981 || -3.0000 -5.1962 | -7.5000 -2.5981
| 15 i-ﬂ.DD[]D 34541 | -3.0000 -5.1962 | -0.0000 -6.9282 -6.0000 -6.9282
16| 15000 -2.5081 | -0.0000 -5.1962 ) 3.0000 -5.1962 | -1.5000 -7.7942
17| 3.0000 -17321 3.0000 -51962} 6.0000 _3.4641 | 3.0000 -8.6603
118 || 3.0000 o| 5000 -2.5081 | 60000 o | 6.oo00 -5.1962 |

Takle 7: Location of co-
the conrdinate SYS

at the origin of

channel base stations in the thi
tern. Coordinates T

rd tier. Serving cell is located
and y are normalized with f.

—' ! N=4 N=1 I

b ¥ x v X ¥ X v ||
Iﬁﬁ'd.amu' 2 5081 || 9.0000 0T oooo0  5.1962 | 13.5000 .2.5951|
ap || 3.0000 3.4641 | 75000 25081 | 60000 69282 | 12.0000 1.7321
o || 15000 43301 | 6.0000 5.1962 3.0000  8.6603 | 10.5000 6.0622 |
'| a0 || o.oooo  5.1862 | 4.5000 7.7942 || 0.0000 10.3923 || ©.0000 10.3923
|93 | -1.5000 4.3301 1.5000 7.7942 l-a.ﬂmu §.6603 || 4.5000 11.2583
24 || -3.0000 3.4641 Lsoon  7.7942 | -G.0000  6.9282 00000 12.1244
25 ]4.55@{1 098] | -4.5000 7.7942 |-9.amn 51062 | -4.5000 12.9904
a6 | 45000 0.B660 |-ﬁ.tmuu £1g62 | -0.0000 17321 -T.5000 0.5263
27 || -4.5000 -0.8660 | -7.5000 25081 || -9.0000 -1.7321 | -10.5000 6.0622
25 || -4.5000 -2.5981 ]-g.mm o.0000 | -g.0000  -5.1962 |-13.5mm 2.508]
o9 || -3.0000 -3.4641 | -7.5000 -2.5081 | -6.0000 -6.9282 A12.0000  -1.7321
a0 || -1.5000 -4.3301 || -6.0000 -5,1962 |-3.nclma _8.6603 | -10.5000  -6.0622
a1 || -0.0000 -5.1862 -4,5000 77942 _—ﬂ.DDCIU -10.3923 -6, 0000 S10.3923
79 | 1.5000 -4.3301 | -1.5000 770472 | 3.0000 -B.6603 | -4.5000 .11.2583
:uaJ 40000 -3.4641 | 1.5000 -7.7942 £.0000 -6.0282 | -0.0000 -12.1244
14 || 4.5000 -2.5981 |} 4.5000 77042 | 90000 51962 || 45000 12,9904
a5 I 45000 -0.8660 | 6.0000 -5.1962 | 0.0000 -1.7321 ) 7.5000 -8.5264
30 | 45000 0:8660 ] 7.5000 Csest | 00000 17321 || 10,5000 -6.0622 |

27
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o ehannels
.-‘E# = [ ﬂhannelrs/g&r"f

= 4oo channels

() 907 of Joo Erfm?s = 4o Erfanﬁs
9= lh = g{a,;) = /= 90D users

) ofderd. Y s C=lod = po3 }?wﬁmp;? (ﬁfgjg)

3% éosS
(ﬁ) Each sepfor s 33.3 channels S GO5 =32
—7Q;} L h =;> r
?pgfré) x 255,&@5/5&,&

25 = U Au éiiarr)
= /= 25p X3 sectors

U=750 ysers

fE} 2500 fm?

17 =Weels = 500 x 90 wers = 460,000 ysers

(f) 500 cells = SO0 X 75D aﬂeréﬁ{{ "'3?5,;550 users
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3 | By e tome nefdd wsed o efma:-j;.ff 3:?: W hun jﬂ"?
frm___ G- clireet ignad Gntennas fo 6o SecTered aniennac ,
e rumder 5]‘ chranned < )fi(/’ Leclor = "é‘j =5 Grven
/')rz éi@éﬂj]: J‘l;{ , f?’b‘?ﬂ Lhe Er&lgf E Gﬁlﬁf}?ff’m{,{ﬁ?} e Aﬁ*f
e Tolad a&@d f‘m]jc'g );:E’E;nzsf'{y ;tzﬂ,rSﬁcfw- Az 4 Blngs

__IT:W A= .I._fa(‘f/,{ﬁwr’ H= 2 miﬁkrf/{qff‘ tha ﬂmé&riﬁf@ﬁs

et Fach Sench  Seder Can /{Mﬂ!‘f‘f /ﬂc* /i‘}““r 2
5’{,: A < /

M _bjs 3
= celf c-sjm@;‘j: 6x123 = 738 wsers, foor Efuf‘@p?-‘f’

= fxs m ﬂrméiﬁ,ﬁ? Ej‘?cf&? = ;_% =044 :{u.;ﬁ’

g2

(EIRP = 37 warte, celd radivs = 10 ko, GOS is 3%, blocked calls ¢leared. H = 2 minutes, andp = 2 ealls pr hour,
Assume cell will be split imo 4 cells]

= /24 users

2} What is the curren: capacity of the “Radio Fnob™ cell?

Using the fusctions defined in problem 2.7

2
=2 H: &0 A,:=0,067 Erlangs
P:=05 Probability of blocked calls
C:=57 pasume W=7 eell, AMPS
Az=40 Initial guess

AP C)=rooGOS(A,CHFA)  Solve iteratively for lotal waffic
Aq{PC51.528 Erlangs

A.(P.C)
A

Wumber of users i U= U=772.921 ar 771 users
b)  What is the radius and transmit power of the new cells?

Since the 4 new cells must coves the area of the old cell, the radius of the new cells mus: be B2, where R is
the radius of the oid cell, Then the area covered by the new cells is

RY _, (R , g
an 3 :;4HL-4— =nR; which cquals the ares of the original cell

27



3.2 (ontd

To meintain the same SNE, the

original cell ar

Pw_;-.;Pnru

IfP=12 watts, then Po=2 warts,

c)  How many channels are neaded in the now alls 1o maintzin frequency reyse stability in the sysep?

C=57

d)  houaffic is uniformly distributed, what i

Each new cell geis the ny wber of chanpels of the riginal cell once

and

Power at the edge of the new cells Tmuse

R —
P|RJ::P2(E)

where Py and P, are the powers of the base station in the

I:rl
Py=—

the cell splitting process s cornplete.

sthe new traffic carried by ea

blocking in these new cells be below 0.1% after the splin?

s

4
Arslla,

GOS(12.87,57)=0

{3 TSince users are uniformly distributed over

U=193 users per new cell

A=12.867 Erlangs

assigned the same number of channels:

The probability of blocking is less than g

old and new eslls respeciively,

Yo

equal the power at the edpe of the

oh mew e2ll? Wil the probabiliny of

the area, each cell in the eluster is

M
o= (8)
where N
Ne = number of channels per cell
M = number of channels available iy the system (300 channels)
N = cluster size (&)
Given the number of channels per cell and the designed blocking probability

Fy = 1%, we can computé the maximy

using the Erlang B formula

m carried traffic per call ip Erlang (C¢)

Ce = Erlang(Ng, B), (10
and the maximum carried traffic in the system -
C=Cc x84 (11)

Since each user offers a traffic of 0.04 Erlan

supparted by the system is

C

Ny = —
YT ood

gs, the maximum number of users

(12)

Table 2: Number of channels per cell (Ne), carried traffic per cell (Ce), total carried

traffic in the system (C), and maximum number of users in the system (Np), for
cluster sizes N =4, 7 and 12, Blocking probahility 1%,
Cluster || channels per | camried trafic total carried | number of
‘ size N cell (No) | pereell (Ne) | traffic C | users Ny
4 7o 60.73 Erl a101.0% Er) 127527
] 7 42 30.77 Erl 2584.81 Exl G4620
| 12 25 16128 | 135449 Exl | 33862 |

a8



1} Since mobiles, with ongoing calls,
cell and entering another], the aver

station perspective, decreases.
2} Some ongoing ealls entering a cell will be foreed to terminate due to lack

of aveilable channels in their Dew cells, reducing the average cell duration
3} When mobiles with engoing calls are entering a particalar cell, the call
request rate of that cell is composed by new call request rate | call requests
from mobiles already within the cell!, and requests made by mobiles en-

tering the cell (with ongoing calls),

are erossing cell boundaries (leaving a
age call duration, from & particular base

5 (o) Given 60S= 27
For (= 4 Chanesds . {rom U8 5{@? B chart

/
A fed = Jf ."C’,'; b _ AM
by ___._f%_?: = /4']&!:-5(.-..-.\,5{ - -—E—~ :',p.??_; f)"ﬂ;ngi
g

for €720 Chenls
- . B /4
Ainal = 14 Elongs = Aprchrmat = %o = 6] Erloags

—— —_—

J'L;‘" lf:"f-ﬂ Géﬁ_,-\lrlgﬁs
Ataar = 3J frfmzj = /ﬂ}wa{tﬂq = % = 0775 {,&,L?.

_ A
(6) = L= L - jegz users

Al - H %JTL,JIES ——
() ET (=4 chonmals . Aurl =1/ ff(wgi, H= (e Seeondsfiall
jm?i'l e ,,-‘_-ﬁrﬁ;;_.\j s O{ﬂ.rf‘f pE Aave |
Prr'_rdf?ﬁlf PQJ = .03
= f}r[dvé? :?,:’Juj{zj = .Pr[z?fdﬁj PG}'&’()P['{C"A‘«‘*{J'&’M/HJ
= 0o3A E’X/D[—{?—M}xiaﬁoﬁ] .—L-{;.-.:af}’

—— —

v

3



345 (ot A
For C=do chanmds . Ay = 14 .Erc&ﬂjs . WE Aae
Pr [ doleg >0 ] =006
= Pf{Mj > 20 5ec ] = Pr{deﬁj >0 ). e?[l (€~ Awtu)-20sec/H]
= AR epl- (-850 /105 ]2 0.0/

E_M: 0 Cheancfs Abwag = 2/ 56375, e Aave
Py[@’iﬁj _."F‘d} = ﬂ-ﬂ]

= p fa’z[zfy PR ] = 0-o)x {?x}!?[—.:‘"?g-g 1) x2e/fos | =0 0/3

(d) from (¢) We an see oy o fméaéfﬁ:fy Hat o call
ol de dely fr:r nFe Uon 24 Seeonds g lost call
ﬂ‘"ﬁ%ﬂfﬂf System 24 o5 th &/‘Z }6;« all s cﬁﬁ‘fyw
fjﬁﬂﬂﬂf Awovurs, | 7;{1-(.»} & ﬁ"l{‘ '5-”‘—{’!( Q/Z%eﬂ" .fjt:fﬁ-m

fh:r]%m beller Than a Systam Har affip.s blockod alls

_S:—j@. For 7 Cell  rews pation. e mrﬁr/m Sc}?naf

j‘)gw‘ﬁr ]lrm, Andfer  Iransimitler 1.5
BER ()= pe( Ly
Whee B s %4, Lo iy power m bue stiion. D us

Ue distrce To thy contr oF We noocest Co-thonnt cells
7 e ;’nga;v redies . Ip Phes  cuse . Fr= o miy, NM=7
As=1M, N=2 U we howe

Az




31l (ont 'd

{ ry?
HD-&%F w <—fosdpm

~—' [ W
{3227y '
=7 .fﬂ'%n Hl( [m J_ e oo dBm = Y 24/0-1m
ImW

For 4 cell rewe patlen. N=4. We have
/e . pert
Jm s (’ Ef;‘ri'?

[ A

0 area of e el (horagon) = 35 723 (0. 4700) = 05 Fikn?

/o éj"j’m <- o0 dgm =2 Y > 82/9m

——

niwber of wsers m a cdl = area afacgd(,xmr Cﬂ?x’lﬁﬁij{
= 0504 x Foeo :’5;57 HARTS

= A=U-uH = 51675 G5 X1 = 86 Mmjs |
Given (= Fo. fom Citg C charl. W have Th probebility
tat o call will e delayed
Fr [a&{aj o] =0%
=2 /DrHE'ﬁjr > o sec] = frl detey }D]'Pr[d'ﬁé??&alaﬁ&jj
= o2 s exp [ (0-861) /o]

= 0/34
:_7,7?__:@ See Seelum 3-7-1
N



34 For 4 cell rease Pattern and 3 secrys por celd, he
Can divide The 295 vorce channls gy 443272 Sedsers, tach
ordaning o4t 33 Chancels In each cubset | the Clus,t
edfecnt charned 25 12 Aarnels amay. Fach Bl yses thrce
Sudser's af Hanrals,; ong Subgy fm ene Seelar. TAis chonnel
a.sxé'?nw 25 pllestrared 57 Uhs  chavr el aéz}g v th T
Control  channel @55 G aeal - Wigh respec Lo Yo chort. each
Ol wsen hamels 3n the sudsr 1A+1810c Whsre 7
5 an }:5:?5?&' fraa-q I oand ALB, and ¢ represer 2
mjfw Seet os, re?z,_mz;. The Lotod  puambor of Virte
Channed 1m0 o coll 25 adpur 77 . TAe tedortined el of

Petatrndbir cmyama’ﬁ Z RN

A A 34 4A _IB 2B 3E 48 [ 2¢ 3C_4C
334 335 34 237 38 239 Sfe 291 242 343 M4 345

2% 347 345 349 5o Fsi 322 353 354 35T 756 357

356 357 #fe 361 367 363 264 245 241 267 245 7€7

658 659 dgo 481 662 663 64 €45 €66 TT TE W9

. - - — - - - /e Jip a2 Fz23

2% a5 g 727 728 7% 730 73 732 732 7z 7is

76 797 79§ 759




50| L‘:;}mfm-@-, for 4 cell reese fa-ffﬁm and § Seclors

per i we con devided thi 395 poice chanaels mlo
Uyg=24 sobsits. Fedh subset is labled pith an wieger
Wr'ﬁ%ﬁ"&j a ledfe , E'ra»jeaﬁ'm /e 4
and  the  [otter 7Cr:m At F. Tk ;ﬂ{;:?er nanrdor and
the Gter donate the coll numbor ond mmfﬂ/meé
??{H/Jf:rf cach ol wes channels m TR sedser TATTET VG pr

JE+7F .

E_?ﬂ /‘fﬁ aithm |

Ier o 7 Cell rewe /f:mfem with 3 SederS ais cell | esch
el wser about £) Channels | and €ach sector wsth (7
channds . 5 race ?%f e f2" E“E',a‘.:m};, tAe Awmber :?/
mierfers o e 7fc}~sr loved 15 Vedueed ;ﬁvzm Sex Lo Tvd
e cn  divide the 19 damds o f ah Sectar mb 3
jmfﬁ, Cach mth cénid 6 anels . for ﬁnswnﬁﬁe . e
19 chuvsls m selr A of cell | can be diihd a7

> grevps as ~a (lows .
grpl s {1, 22,92 6485 fos ]

j?mt]D 2: {Jl}’, 148 . 149, r?d,:;f,z:lff
Grop3: [253 272,295, 670, 671, 712 /o33

of !

When tne  seder useS e dhannels m one of the theee grups.
vhy  oer T mfw; secters Shadd First chet th
25



21 (o 'd
Chenneds fm':—:' A ooy T j@’ysj and This should
be g pued onted ol W Honnsls oo j’@‘jyﬁ’ Aowe
been fj-cgﬁp;'mf. Wher, Thes ﬁl%nm,g, e Seelrr cun oAE
U2 Channshs 5n othes gronps

J
;‘fﬁ{‘qﬁf'*@ 2 s

In thes a‘(ia?rﬂm T (G Chameks are wsed as o
Whsle ﬁ‘mﬁfb W/"Lﬂﬂ onE  Secrr ieA THE Channtts ) his
Jrop - e other Timo );?reylwg Seddor yse phs reﬂm??
Chanrsds . Wian ol Hhe 19 horels Rave bees octopred é'r;l;
the hoee  Seofin . T Mcr wild  berrvvs A phansets

et are p ﬂccffr'&:" Jrom e offer ek im Th
Co-aresl  coll
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3721] (a) for AMPC. the dhasnid bandmilth Ew= 30Kz

(7iien  novse f,jw{ F=JodB=]0. ne hae

patse sfloor = K-Bu-F-T. whue K35 Boltzman crsiont,
[o=290°k
= nawe Fler = 138X10 " x30x1e xiex2fe
2raxre (W = M2 (don)

—

() for GSM, B+ asecly
= naise flowr = K Bu F To = 13801074 Quoxts jor2f
= Fxppl* (W) =-111 (’Q'Bm}

¢y Fer USDC. Ew = 3¢ iz
= o :f.irrf = -2 (dfm)

(d) For DECT, b= 1r/28 MifZ
=> st fleee = A01E (dgm)

(e for IS-75 - By =s2288 FiHzZ

= novst floor =531 (dbm)

(7) For C(J-2. Bw? fookHz

=5 el f,riuy = =114 (dpm

323 (a) SMR- Sﬁm’ loved (dEmy — nevse floor (dBm?
= -0~ fy92) =272 dB

37



323 Llont'd

» SwR=-F0- (-111) =21d5

() SWR=-F0-(-#92) = 29.24
d) SNR= -Fo-(Hu-6) = /16 dB
(€) SMR = = fo-(-fo3-1) = 3./ dB

E

(f) SKR = -Go-(-114} = 24 dg

| See e Waaﬂ'x wm e text boof .

| See the MATLAB Frogrem /DE-EF.m and Fa&w.fﬁ?ﬂ—z,ﬁ?’auﬁ)
I Fig.pz-17(6). the yetio Of e Defic mitensily of i

Secfored fjsfm Lo lhat oj tas  omni-dipectional  andenng

SJWEIEM , _JA_S‘@_ 1 Sg{g:m fgy d%’@—gnr nambey of

Ghung

chawntls . Also shown 5 e mlfio of We SIR

/
of #e omri- dipiional  antenra .ij&ff&n tc Uat r:y“' e
Efﬁpma'

Seclered 5}'53%} 57 F romm Lhe ]"*{7;«& pot

can  ee #ﬁf /45&&1* :;, -S_Iﬁymm /d.'_‘:'catr gffsw
A G SR eeter » o Acwsi -Slrﬁa-m'

Hhat Poars f?mxf’kj Loss 15 I'A\;/:: less than the SIR
jmﬁ.
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1stal rallic Intonsiy per cel

Truncking Etfciency tor Differens Sacionng Pamem

120 T
W00
el
6T
arik
a0}
U 3 n EU 3.I:I (] 123
¢ = ;mne pereall  GOS=2%
Fig. p2 -2%3)
Trunking Efficiengy Comparec 1o Unsestcred Case
0 T "_“
_‘_'_,_,_.—'-'—'_'_F'_'_F'_-_ !
aar f
- - - _J
=4l -
iE".'I.'l"." - |
UI | -
| .- J
gosp ,-‘z |
EJ ’ — Jzegors | |
w057 / . - - Eiedos ]
:'I § L
& a
2 : |
;N- s SR for OBAM| 25 compared fo 3 sectors |
_E_ ’
Spaar N
vzl ‘ SR for OMNI 25 compared (o & seclors i __]
ulll_ ED 40 E-l:l E.I} 10 120
¢ channgl per et GO5 = &%
Fig p2-25(b)



[928] ta) Gien 4= 3 alls ) Lonr. H= 5 miwies /el

= Au= tH-= ETJ X5 = g.25 Erév-ne,‘rs

L=y

(&) Given C=1. Ayzo03 Erlpmos, GOS=00f
. i
From e Eréuf E tat . we fwe A=oo

. A
—) e e -
=D Apmber oF Wites . Y Aa T i SCCE gesor

Bur , cetually cre wser Condd be

Sppered on coc f;ﬁ!‘ﬂsf_g
So W= user

() Gign C=5, Auzo:5 Erfprs s, GOS= g.6)
= A =r% ::f./;z:;; = M—A# = E:??;‘ = 54 wsors
SG = & tsers

(d) U= Sx2=t0 wars => 4 SUApT Joxois=25 Eff?"fs
fer €=5, A=z22 Ef&rg-‘i —> f:ﬁ;‘j:“-:’)'a?
This 25 rot CLEPIEbIe  porfrrmarge . Thor means 7 our

L

C’/?': (o0 calls  patl be blecked cdue T ezt
o&w@ s busserd Kooy gwwéf . LS So07 15 desind

i,
L
i

327| (ay The AMPS System v5 duplex.

=
Giver  [ifal beodivid?} Bumy = sop fr .

Lotad fmmg’;e?-::f
Clerrel /= g3

Chtrrcds, WE Agve
At bord mAT fr each Ftvrn: = Bttt oxef
]lﬂ Eech digrnst By, ol :} “ 0" _ Sokts
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327 (pid.

This bardmidth of GoKHz for the dusphex Aarrel 25 ?m

wnie Two G- rﬂw dﬁﬂy&,ﬁ J}’%n‘wm’f Hanril ( ”‘n‘ﬁ phe  hase-

ﬂf}in ie e 7t #;m&&r) Nﬂrrx TEI L dﬂ’"‘w{ (ffl‘f?“ /s

Subsercbir To e bere sttion), eadh i th Berdlp dth oF

S0 kHr . The J%-"mwﬂ’ Charril oA exnel é{ 45 MH= zi'ilfﬁﬂ

on Thy Forersc J/_&Md .
() For Fpy =580 56 Mt DFrovee = Fp =45 = £25 200 JiF
bl nder of Erlial  acncl

.

{ﬂ) iEan"‘Eﬂ ﬁf—'fif,
MNon 42, WE fave Ltad pueéer oF voree chovrcd
<

;’U}fp-fv"yﬁ.'r"gxf" 2:??53-

— 7 L I:;f i CE {:;.(;Jhn:’:j{’.[. j.'%? 5,_5_,{ carryer

Mroa = Myop = 222 = 212 =395 Cloecdl:

nt il J'f tndrl cloanceds J"ﬂf fach  Carrier

Meer.
Nﬁzﬁ—ﬁu"c,f £ = 2& :fé: 27 /‘;ﬁuwﬂ

(d) See Oxample 33

— p .
ey for 7- el rewse . V=7, SRz F 2By = 458
where £ 3 Tfs rmdias ot e cedl

wet =G= = lr =%

=> D: ?5& E#

For - cell rEast -
=> D= 246K

e —
i
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Mininum STR

In order to compute the minimun S/ at the mobile, we need to determine the
number of interfering base stations in each possible configuration, which can be
doze by inspecting Figures 1 and 2. Table 1 shows the number of interfering hase
stations in the first tier, when 3 sectors (BW = 120°) and 6 sectors (BW = 60°)
are used, for cluster sizes NV = 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 §I% achieved
is below STR = 18.7 dB. On the ather hand, both configurations using cluster
size N = { are feasible, regarding co-channel interforenee [assuming that a
difference of 0.1 dB is negligible).

Marimum carrisd traffic per cell

Let us now computer the carried traffie per cell, when sectoring is used. As we
know, each sector is assigned & subsst of the set of channels assigned to the call.

For example, for cluster size N = 3, each cell is assigned 300/3 = 100 ehennels,
If six sectors are emploved, each sector i5 essigned 100/6 = 16 channels, Using
Erlang B formula, we find that each Beclor carmies & maximum traffic of .83
Erlangs at a blocking prabability of 0,02, Therefore, the maximum traffic carried
by each cell is 9.83 x 6§ = 58.97 Erlangs. Repesting this procedure, we can
compute the maximum carried traffic per cell for other beamwidths and closter
sizes. Table 3 presents the results,

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

[N BW =60 BW = 1207 |

HIE

Table 2: Minimum 57/ achieved when sectoring is used, for cluster sizes N = 3 and

i

[N BW =60 | BW = 120° |
3| 161dB | 143dB
4| 216dB | 1864dB

Table 3: Meximum carried traffic per cell (in Erlangs) when sectoring is used. for
cluster sizes N' = 3 and 4. 300 channels available in the system, F, = 9%

[N BW =60° [ BW = 127 |
3| 58497 | 73.88
4 3/83 | 3525
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Cluster size N = 3
miohile staton

menale station

BW = L20°

BW = 607 Yiplerenng BS's
thres seclors

518 SECIOMS

(luster S3e !‘-"'-'3r three & sy seetors

2 inerlenng BS's

H}Ard _f K

ﬁ?ufﬁ: 2: Cluster si3e A=4 , three feiy sectors

A%



L?}_.i‘ff (&) (Given &an = $5)Q"G£, {ext c.'-f MTs0 . Cms:. :j;f'ﬁﬂﬁ'{:

Cend ujg_ FLase staliem ) st:ifﬂﬂf (i ::in ad vEr—

Tizemand Cod = _$_-5"XM£, We a{m{{
i raambir of o bese Stalions we owe able To mstal

N o= ufﬂﬂn;__(a‘kﬁo“ (ad _ EXio b= 15 X0 ;g’:jfigd__ S
Chs sxjo® —_—

{{'13} (:Tr'}”é,n _.-‘5../: 8 T:'E'[ll'[f: . j.}fﬂf @y&—ﬁe Ara Aﬁf:féﬂfl.{}]l_

=> Coverfe area cf each cefl  Aeach = ‘?7/%{' = ;gﬁ—‘f;}'gﬁmz
; s~
S A&uﬁ x 26 ,{sz e have

g:%:@fﬁgﬁkﬂ}

(¢) For each Jeer. eoch costamer hld 72 P=zoxrz= $hoo

Assuns p‘y{g num ber ﬁf cuTomers on e ][.rlwf &%{ .:,.f
Seete S M, [ g7 5:‘1"?*"? Fvinws :fgg e ond o][
the ﬁmﬁ year of gperadiin 7e

G=( M+zmtemM+8M) F = 12M-P

We need G Z3$0x10¢ = 150P 2 joxi0®

= M =loxtef _ jox/0®
ISP 15 xfeo

/%u,e e iniivem pyuvber p]‘ cedlomtyr gn  tha J'é'}'ﬂ? éf
ﬁjﬁ Sgrrece g5 12

= I111-]

(d) mﬁa{aeraf H,ﬁﬁd'i/ﬁﬁ( Squese Km =ﬁ :—;iﬁig“-"@“/r'fm
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CHAPTER 4

L —%-@:é—iﬂi - W) GO) _ pat )/
(@r)d @mic?

@ &) P = M; (Eiﬁ(‘:'(’)(‘/w)z__ _T.?I'D-m N

(@m) d® @m(0Y) - _y) dBm
DR =Py A= E‘\.A“El.g&f
i 1207 201 47
A ,%L o P e (aow)an)/X G = 3GAI07 Yo
i

‘ | 2 E oo
B DL%, 738D A oak cpen et

U-'_‘.‘i.ﬂjr = 4‘ FDdg v.p["ll"s rms open r_n-fr_;_u.}'

- Nart .
Vrewr® 5 = 210 blks ros

a = 4fbem {2)
b= doem (3)
e 3xildt
= == = (1.005 !
A TR (.005 m {4
In ezimuth: 514 Bl x 0,003
1= 00Kk
H BHI =— = = _'_E" a
g s (3)
Io alevation:
514 51« 0006
PEW = —= =53
HPEB p 0046 ) (6]
drd, Anab
G = T;’ = =20 4B (7
D = val+f=5T8cm (8)
2 9 % 005787
D = —_— = 1.
| 3 0005 1.M m 19
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E Gi = G,=29dB

Fy = 30dBm

A= ; = 0.005 m

dy = 1Im
dj = 100 m
dy = 1000 m

dzdy im
PL = logy, —2 =2 — =
[’dﬂ} ] O 0 3 'I:I]ﬂgm ﬂ_l:mf;u 64 dB
. d':
d
PL{d)) = Pf,.;dﬂ]wmngmd—:’:lza dB
F. = B+G+G, - PL=30+294+20_ pJ = B8 - PL
88 — 68 = 20 dBm

BB - 108 = -20 dBm
F.ld;) = 85— 128 = —40 dBm

o om
o
= e
S
o

Vo= ‘i.4;}rﬂnn:
Vid) = 00447 v
':?5 T =& Ginf + ey — oomt 6]
"= €9 BN 4 ey — oos? 8,
r Emvﬂ‘,—\-'f_-g—ﬂmnﬂ.-
L

0 d, -+ ey — oon®

At & =3P

| Ground | Hock | Limestone | Ginas | Water
™ 5 | 4.43 7.8l 4
I’ =137 007 O TE SO0S | U
' AT J1.55 -G8 0,57 =) 40

[ .

® = Bang,

(Wote: & in this equation refers to the engle betwesn the direction of inciden:
wave and the surface. )

Surface roughness depends o wavelengih (carrier frequency) and incident
angle. Surfece appears “rougher” with the incrence of frequency or desrenss af
incident angle (the angle between the direction of wawve propagntion and the
suriace norrral).
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41 when ©=60, [n=0

= JI_L = - Ersn G 4 [Tr - tde

o 7 5 b
-Gy 5Ll + m =0
—
&b T O Sy
(S=i3 5 G = Cr =1
_ e

"ﬂ .

Con Gy = M —
Ve
o=

| U

in the anebgsis of  path Loss v hat © (omsiders boTh the
J

r -"'I ) f
drrect fdﬁr ond a jmwﬁ*ﬂf;’gfffa’ ]W'Wafm% M belweezn
Lrvun s flEr and yECE(VEF . The disarantrge 15 that! thiz
model 15 ardr:"a:m/f;&‘]é'&e" n ’ i dies net wnclude

ﬁ}ﬂﬁﬂft{’ ﬁffmﬂ Speeh o Terrin ]77415’ ’ ijfzfﬁffah ond

I

A3 (a) The adeenteq? of s Teo Ty groed roffection mace

&u{fd'frggg :

(b) &swﬂ,{?, whan d >0 (hethr) , We (a0 s Hat
4 5 Juthr, and Pws mof GPH the bivo iy model
For fe=35m, Ar=3m. d= 250m

d<jolhethyd =350 m
face te_tes oy sl eld 1 Lo gl
Loy fu =30m., hr=r5m, d=450m

A > lolhgthe)= 25M
Hence the Two 174 model  could be rfpfﬁ‘ed.
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4.9 Cont'd
€9 'J'/ff-_":-&-mj; e [l h‘!ﬁ model , we can See Waf af Firve
dislances, the veECrred power faff 5 c:]f ith distuce vacsod
lo the frweth o o al o rate of 4odR Jdewde | and
e received ;PW and /bﬂ-l‘f!‘f‘ fote are ?}?s{:?;;amﬂmr ,:?{ f}%‘w»?
I

= Al (AGRYT [ ket
,.'E;r,}- a => .-‘er'.}lr , (é’;&r}t{{f} {"‘l—fd‘;ujt <<t
Mguﬁ F;jfﬂ?' SErves ffff’ﬁfb}fﬂlha?’:ﬁq . e /{Aug

a =g [ -_'z'r-({{'_._":f;f’{r)’j - c'r!,[r i+ E—'(_i_’i ;ﬁr’}‘;‘
= 44 2L A 2 A2
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‘?‘E At 'ﬂ.ﬂ{l Efom_?,cm o fi@ ngf Audls al 5{? FRCLIvER,
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- - dﬂu&iﬁ :'-"dl:}
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(473" ds? Ae
= Prld)= PiGe Gr-A 1207 de
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Lk
a)
A
P(d)
b)
A,
P.(d)

V= B(d) % 4Ren = V1,58 % 1010

=(0.157%m

':'Ei14::(‘—"'}:.‘“5:G”’l"2
(dmd)?
Al x 1w 2w 015972
{47 = 104)2
10log,p(1.58 = 10710
- D8dBw
—6G8dBm

tem, | T3

10]og,,

2
G
42:
E|
e

Fo(d) 1207
m:— = 367 mV/m

4 x5 =01T8mV

(8)
(9)
(10

(11)
(12)
(13)

(14)

(15)

(16)

{17)

d) In order to use the 2-ray model approximation, the follawing condition

must be held

d =

Mzﬂﬁ[ﬂm
A

Since d=10000 m, we can use the following equations for

reflection model,

F.(W)

hih?
d'i
:
= Hlsl=eZs ?D:LE

= 5625 x 107 W

RGLG,

H.{dBm} = —T2.5dBm

50
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= (d;+~;fl_ Vv {dvr ;,—'di _(d+d:)
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T,Ta’I
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(k) From f}{p a‘efmifmh of ¥ })lﬂr = &
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1.1 [{r‘a‘l{‘ Jax

= o= ﬂj‘f:ﬁf;’i:){(oﬁ—idej

¢l
= h= g dode
df?‘dr

= V- 4. .I'}i-__mrd. ~ . dvd =
. dtds jﬁ*-—j- :IJ‘-é__
_ 5}{‘ ._E-QTIE&_‘_ T FS
Ald vy

9. I|",?'|' A gencral design rule for microwave links is 55% clearance of the first Fresnel
zone. For a 1 km link st 2.5 GHz, what is the mexdmum first Fresnel zene
radius? What clearance is required for this system 7

uhian

E
S 3X0 Gom (23)

A===
2.5 w 108

] s

For the first Fresnel zone: n=1. The maximum Fresnel zone radius occurs for dj =
dy = 500m. Using Equation (4.56), the Fresnel zone radius 15 found 1o be

d 12 %5 5]
rn_llfﬂ-}.jdqulxﬂ Exu{iﬂx&m:ﬁldgm (24)

J1+Lf2_ 300 + 500

Thus, 55% first Fresnel zone clearance would require at least 5.48 x 55% = 3.0lm
above the obstruction to the LOS path as shown in the fidure pelow.

-

Fresnel Zone Clearance

N

r
I

'\'\

s i
~"55%r,

-

Fresnel zone clearance,

Ly




it B Td mmssa Dien vl Fraguency. 8 =0, =30 m, F=10 m

4_ {? Diffracted power decrennes with the
inerense of the frequency as shown in
Figure 1.

) i : "

a 1 ] ks L &0 an T L] L] 100
Fannus ey |0HT]

Figure 1: Diffracted power vs. frequency.
TH Given P=tow. Ge=lodB=jo L=/14B=/257
Gr=3dE=2, J-ff = Goo MHz , o = 3ovo+ Rooc =5000m
o have A, = ]Ti Z03233(m) and }’:.?'E’E space VEcedbed
/P;Jw;"f E ) — P GrGr Al _ loxfox 2x 0333
,’th;&w -

(47 °d”. 1 (471 ) % (Seoe ) x ME?
= 493Xt (wy = -53-5 dBm

For Ths jmmfﬂj shown  below  we  can redpies WU
GrofAsy fgamf,y ;_\5} :j,tf’cr&xm.fr'm,

.5::-ﬂf'.ﬂf .., o A Ism
] Ik pd :.IF:','Y‘_.—-——_;-:

'R___-
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)
—- { ')3.- !
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fenf3 - ﬁmgm:;—ﬁf __%@ = 0.//33

b= bisihe s
Q’J} Toso —_ & jﬁ

= ol = P4 pP=0/285+ o/P5 = 03078 (rad)

,a_z_n_a"r L= = - | Edi A - ﬂ*ﬂafz ﬁlzf:i'ﬂ’f‘}'j”“ -'.'I_‘..?é",-"f
83335 Jeao 4 J222)

= ﬁ =0-//285 (rad)

=2 0rFs fad)

f’l'ure?rriﬂ'lzj
.iit’iéﬁg U approYunalton Fgé{i’v&'aﬁ (3.59.€) , we  oblawn
&d{'dﬁj:aﬁd-@ﬁd .{"5;-5) V s 4
- £ 0225
= o ujm {aﬁ.u }
= -4p3 dE

= ‘ - [

> Precied = Precpece (4Bm3+ Gd
= - 535443
= 74-3 din

_—

= s du To q’if}m?fm éd:%ﬂ'}mw‘ﬁt@m’:_‘?ffﬂg

L
A2\ () fe=50 Mz =  Ac=F = 6m
= P "= PeGiGrAd - 1 4L x 1o by =284 (dBm)
Feey I FEx0 W)= ’

1/=: A | 2deds - ﬂ-_‘;ﬁ:"'gﬁ | 2.5 ;i;u_)flﬁﬂ'ﬂ <
a‘l'--fl'rt?dﬂ'ﬂfzj é-’f{'f-ﬂw-f_?awj' - j’ ¢
o ;”‘%ﬁm*{ v ﬂ“’%’m {5,55}—‘33'7"’5

= freased = Fpogue + G =284 28T =571 dBn

Ld = - 64 =317 dB




420 {ont d

(by f.=ifwphz = A= grus-;;rz’.rm}
P:!' ﬂ:r C':-r ,;"r
(et d |

e [ e B
A ldtdy)

&5 8 2 Tpos

-G = - e (dEM)
= Pprespe = = jo Tty = -60C

W25 21 ;, _ .c:ér
=7 (1o = 2ofe ;,:a{"“ 3= BEE -ﬁ;fc 445 i
= =5 5= —I."D"'_g E
=7 P??rclwrﬁ = H’?}mgir;cfr + "-/i:ﬂr o ’?{ 5 £m
Ld=-Gd = 44-5d8

PLid p;,.,.r'.nmuﬁd.'d.:.]
{?j PLE[r]i.] - PL, + 10nlog(di/du] + =

rediction:
Error beeeen Ve [MeRSUrEmEntE end the P

. = PL{d) - Plo= mﬂ'wt—-]

MSE:
3 S PLo- 1Ern1crsu—-ﬂ‘-=Ftn‘J
§ L =ﬁ?;l””
il —- =0
dF(n) _ 15 o9|pL - Plo- m—-mi-}]t—lmm L)
dn ?—::; l'
TN (PL - PLolor
" E,_,‘Jﬂ[lng%]?
5. 4 ]'L':p{"d f'dB»)
4@ n=-3 P‘rm}m%} =32 j’? r(ds,;

~35-4ig 22 + 0 735 dbm
Y- By
Foy V= -25dBm Pr[Prfd)}yJ:Q(chfiJ) A
_ 6 (25L2) -0l
o

= Fz,20=>06=775 dB
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42 {g) E_T_jiﬁf i-g?mf _ /)rZ D, ('g'i)l
Given Po = 1075(W) = -30dEm L, eloz 1Km
for_d= 2km . Pz 078 () 25 X107 (w) == 3¢ dfm

-;Jﬁx‘{bé{ . for d=5kn ' _Jpr' = -44 dbm

FG'T G?II-T ft?fi"frj tPr — 50{5"'491}
—— -_— L5y

-

Lo d=Rekm, Pr= 5444,

(5 Jor n<3, p=p(gey
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4.23 (ont'd
Prz 1078 (3 = a7 xtd(w)=-37 B "

For d- zf_m .

For d=5km Fr= _SldEm
For 4 = (0km., = -6o dBm
for_d: dekm, Pr: -§9dBm

Pr= P ()

¢y For n- 4
Prz-42dEm

For d=5Fm, Frz-55 dfm

For d-z2km,
Fﬁ By P!.: "?C-' 0"5_:7_3 ;'__gr ﬂr: a?::l..lr:’!ﬂ: Py’: -?2 a"gh?

(d) For T rey. ?Tﬂﬂﬂd #’Pﬂmn% model using U @rocl Expressiy
Pride) = Bl lr A — P= Prlds (47)" oo
(477 )* do* (e Gr- A*
Given Pr= 1o b doz Ikm, &1=Gr=odB- |
— - m"";-:"p’tﬁ}'x(fﬂ:ﬂ_1 - F 27
I A = 5677 xR (W)

From ‘pnﬁfﬁm 412, the oxad ﬁfr&xm 7%
Bt Gr NP ‘4.9'(6?4) , Whdre 6]&” :’T_?' gi{;_if

‘. _
. A:E:G?{{Uﬂ

,Prl'.r:ﬂr):
(4m)
2T e
for_d=2km ., 8u=ipp 7 5L = 45 reds
5675107 x 121 £ (8166 7)*
il x4 xSnt( 453l
s (2220 )

= [ =
(47 )% X (o) ?

= -3225dEm

= 557 %07 (W)

5‘).?7 ;/a.r‘zy Fﬁ d= 5 km .
= Pr = 238x10%(w) = - fod8nm
For d=[lekm, ﬂd:”?‘q’ﬂgs

= Prz7saxsolw) = -57/]7dBm

{?4 = /-8¢7 rads
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L d=ae KM, A, = 045 rads

= 22

— Pr= 5.02X/0
(&) [or Extonsed Hela_mo?sl-
[ 5o (arbar) = 46313396, F<" 13-§2 g, At - a(hr)+
(#4.7-6 55&;”&) -ﬂggmrﬂ'r +

Whore (n= 38 fo “:'f:rje cily
0 k) = 32 (£q 15 hoc )= 497 4 for fozdocttllz
= alh) = 32[ by, (n75:3)]'- 491 = 26795
[ 5o (2Kim)= 4437339429, 1520 = 12
o-£54 (449- 5-55@040)45’%2 +3

= 145-/8 dB

For d=2K7M 3269 %0~

S Lo (fkm)= 1593 96
_ [ Lse (Gekim)- Lso (1KM))]

e
Py = Fe {dBm)
- 40-33 dBm

= -3p- [ 14543 /34.9] =

Sx'mffar“rj - for o =5 Km Pr = -54.¢] AdBm
Pr = -44.4 dBm

for_d:10km -
Lr A-gepm, [r = -748 dBm

pias.m ant E:j 7:?‘?_29
and F{ﬁ-fiﬂ:

—
—

EJE‘E %ﬁ f’ﬂ[TMB j)’r;«;rmm

74| See the MATLAE progrer pi-a-m
Tf {an 155 seeh jmm V:-l /[gw’{’ Gg&ur;tffﬁ‘f .4565( ,?}r{PJ;ﬁ',ry?}-m

¢ and prien

when d > 5 Em. these bop medels ag7€
}/FAE'—'*I a‘fr }GLJ-;“n {J{'{ ,’{" )

thr nodeds 'ﬂ'}f)’-f:’f;‘ff- ¥y
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474 (ont’d
We can wse 74y y/mwmﬂm mslend o ]/ IhE Pracd 57-:@;5@,-

7m (llulas %}m;’m aéjf;&”'

425

a) Handoff — two independent events: Fir< Fpoand By > Frmin. Therefore,
the probability that a handoff oceurs js given by

'P'.[ band'}ﬁ] = Pr[PF.l < Er,HUJII = Fr[‘pr,i - Pf‘mm]r {2]'

where F,; and Fiq are the received signals at BE, and B, respectively,
F.\ is given by

Pr'l

]

Fy - 10n Ingmfdj,-'d:-l“-'x:
my

my + ¥y, (3)

]

Likewise for Fra

-Ps-.z = _-E] = lin log ({0~ d‘J."rd{}' +x

—

L}

= Mg+ x;. {4)

Therefore, for a piven distance dy, Fy; and F.3 are Gaussian variebles with
standard deviation o and means my and m,, respectively,

Thus, the probability Prif < Pogol is

. Fr.io 1 -_|:';_- - m J!
PriFy < Pogol = — exp | M)
- 1—Q(H——F"””_m‘). (5)
&
where Q{z) is the Q-function:
| _.yﬂ
= —_— — | dy.
aq}[”,ﬂ_rxp(zjy (®)
Likewise
= 1 —{z —my)?
F rmmin] = f e
[Pz = Prmin) = exp[ o dz
_ Pr.mm_'mEJ
= Q(Fme=ry). 7

Substituting [3)-(7) into (2}, we have the prabability that a handaff DCCUTE a5
a function of the distanee d;. Figure 2 shows the recejved BTEL AVEFAZE DOWeEr
at both base stations (m, and my) (Not required in the homewark!). Figure
3 shows the probability that a handed occurs, along with the probabilities
Prif < Fyo) and Pr{Py > B,

b} From the plot in Figure 3, the distance dhe, such that the probability that a
handefl occurs is equal to 80%, is dyg == 1000 m.

L0
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cgtanes ()

Figure 3: Probabilicy that a handoff occurs, Pr[F, < Fr ol and Frifea > Froni
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?2_@ The  acta rfc-'l*‘ff‘-’yf Leved
UY)= g7 [Pl Priry > Y] dA
- ‘% L& Fros ffJ:!'fJH’J'}"‘{f
< (Fr O[2F) 2
Where  por) = - f&-n-'%_;;?}: , and of Gipreised 7 ap 1

s s T 7 7 y
& SemAland afg:&*ﬁ:mﬂ;’ ]fﬂ:w B kﬁ«t.ﬂm;}?’@fr ﬁvrf'ﬁ*‘, antérna
ﬁ.p_?)iifj and j'a:c'rrs, and 5S¢ én | then

IQ Ilr })'— PJ’E = —-{‘_ —F.E.-r'{ _\_\__}’}'_D-t"]",."lil'f‘&émr_léj
L a J 202 )r [ Ci_~u|'T_h j
2

Then &/ﬁf»g aj G_EF b (fﬂ-r'?'ﬂjﬁf’yfcfﬁj’;wjef
a4V ffrafctgrd
meu;qj .-;-a-rb@.ﬁ} we  have
= Rt | a’r:f-g'rf.gff
Emégri-'zmj 12 atblyme mbs (2)  we obtain

o ! a - i
ALY > - E‘zﬂ'w ,ﬁj-f%‘.ery‘ffj-‘fh-fT‘ ol
-1 ew ;a4 2
Z -~ b JL E‘ﬂ-er f"}C{f (5)

&

. TR .
—F'ﬂﬂf}ﬁff'ﬂ“”? I(—‘f: }?33 (2) . WE Oéﬁzi-ﬂr
Uly) = -2—’ - -iT-ij:‘_'g. Sff(—f} Ar

:-L_;_ & 7 ___%t‘
2 7 _“g‘f € 2 erfr¥) dr (4)
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Flelation peswesen AEa and bogrdary covergs

DSt
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&Eﬂ

FriPdr = ¥l

e —

- 0.95

&3

0.a
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426 (ot 'd
ws;;qé; the ;:-,-fimf Fornzla
[ erfanretdn = gheBrerfpan)- 4 P E etk
from (4) we have
Uiy = 3 {meftare [ a1 (o
Whin a=o | (5) btams

uv)= 3 e e [raf b} (6)
See the MATLAB frogram }’J'?:z{._lm and  Fig. PCJ.?&.
0

ETE _ ) . . '
.;;-_I,; Grives Honse —":&G’ﬁﬁ“f F= 50’5:55_ VECEIVEy  Dondmed Th

ffw = 2okHz p
=>  horse f-"rwr =KE,F-T.. whre K 25 Boltzman Canslant,
o= 29"k
= Nosse f[ﬁw = f-ﬁc?ﬁfﬂ-l;)‘";‘:‘”95“{'5"(‘}?”
= 7.55mg""5’,?1;’) = /202 (& B )
'y ; ! .
thvresiedld Y = nesse )/{m- (dBm)+ SKR cup)
S R4 2p =_jos ) (dBm)
Smce PriPr(dme) > ] = -
Pr( J J Q(“'—-EHC@'-‘—‘QJ 095, we e

= Bl
'::-.‘-'

=

= -1645

= Pldee) = Y4656 = yopy s ppas X8 =-38.04(4er)

Gren H= s w, A:?fa~fdjfm, Grzpdp = s 55

£r33d$:2
= pd)= Lbebr X
(4m)° - d.*

54



271 Cont’d
150 1535 x2X 00687 0 253 010 Y (w) 2 4077 dBm
(47177 x (foee)”

—

g;-ﬁqﬂ': :[ﬁ;_j :Fr {{daj AdEml— 10N ‘Eﬂ [/ﬂ{crm:- v We .-ﬁ-d"f

foxdtog (92 = B(de)~ Poldny == 407] - (-§3:04)

== i i e :
¥ "o *——-—ﬁ,: = /82

= dnax = 5.2 (Km)

4@ noist ;"fﬂur' K- BL.,F_.I": |
= ’jgﬂo_lﬁf%axm}xm; Efﬂ' :I,f--?,t‘f'ﬁ_"'(’wjl

= H?r 2 (dBm)
= thresheld Y= neise floor (dEm)4 SHR(4E)
:-Hj’.z +25 =-54.2(dEm)

. ¢
Grven EIRP = Fr-Ge=)ow, Gr=00B=1. do=lKm, A=F 03%n
Bl AT _ Jooxixeszzt o
Ll O L = ST = Jehate W)

e = = 4
}L’r {4;;)'. . (#7) x{tena)?
= - 415 dBm

For d=jokm, n=4.
—_— d
Pty = Pride) = 10089, () == %15 ~40=-81-5d4Bn

=> Pri{p ¢d)>>»)- Q[.}_j‘_ﬂj :Q[ 9.2~ fﬂE}J
= f-12805) = e % 4
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4.27)

() Find the minimum mean square emar (MMSE) estimate for the path loss exponent, n,

Frest note thal faom)e O dBm ~ o .;L‘l} d P (iBn
B ld)s Bl ; ! & -
_Iﬁ = E‘P g Y. Pl 2= Pe(d HGG{:‘ “715-55

B A e e
-v{ 35«(54&%%?}]21?[33 -(o-Jonly Er-ﬂz

(k) Caleulate the standard deviation of shadewing about the mean value,

= £25-150n 1 In2
c:{a = ] dn M TR T
4 In=30 144y - 998, +1;;,q”.,a
i 1 - =
513(;3} 1238 (3.3 +32%Y /q“ dg: 27307 1138n+ 32%4

= B - coes a4+ 3234 [=54 < [BaB] f I - 5560 -1828

= D
() Estimate the r:-:m:gpnw:r at = 2 kum using the resulting modsl. =
Prf:ﬂ’\j‘ ‘Pr ':'ﬂlc-‘:l ‘PL{.Jj = OdBm - [DEE:E]’DUj' lc:-r:-)

= (0 -Y42.94) {Bn _

(d) Predict the likelihood that the received signal level &1 2 kon will be greater than -35 dBm.
Express your answer ac a Q-funstion.

Gﬂ}/‘\‘%ﬁiﬁﬂw Tl
LG

n
P (P (2h) = 354 B] Lr;‘! n'ma" ey

. Q E ~35- (- qquﬁl tﬂu.:. Pop AT 2kM Vs Made [

= (). Qo) ~ Q(Y)

bo
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From the paper, “The first Fresnel zone is defined as an ellipsoid whose foci are the
transmit and receive anteonas.  The distance from either antenna to a point on the
ellipsoid and back to the other anienna is /2 greater tan the direct path distance, ry,
shown in Figure 3. The break point will be considered as the distance for which the
ground begins to obstruct the first Fresnel zone.”

We wish to show that the distance, dj, at which the first Fresnel zone becormes
obstructed, is given by

P A A Ay
a'j—_-IJ[L -5}’-1{2%5}(?) +L—2-] i (1)

50, we want the reflection point of r; to occur at the “hreak poiot,” 50 we Cal assume
that # bounces off the ellipsoid and then goes to the receive antenna. As a result,
i

RER+T @

b7
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Now, we can use image theory and the geometry shown in Figure 2 to complete the
derivation of the expression ford,

-

Figure 1

We sec from the geometry that d} + (4, + &,)z = and d + (A, —fr,}z =r’. Now,
itwelet L =#h +h and A=4 —h_, this leads to ,;;'j +I' =7 and dl+ At =pt
Substituting into (2)

.'\II.E

, A AL
I'Jr_l:- +Ej =[r| -EJ =."L! '1"--1}" +[-£J




4.30 Cg-n‘{ 'd
b‘,} {1} For obstructed environments, we use a single regression power law model relating

path loss to T-R separation. From Table IT in the paper, we may use the path loss
exponent 7r=2.56 for trensmit antenna height of 8.5 m.

PLl:‘ﬂ = {1{'”}10E.U{d}l + Py
where p, = PL{dy) is the path loss in dB at the referance distance ofdy = | m (at 1900
MHz, p = 38,0 dB, as given in the paper. The received signal power is found from

F, (dBm) = F;(dBm)+ G idBi)+ Gy(dBi) - PLIdE)
Since it was given that the rransmit and receive antennas are unity gain,
G, =G, =1=0d8i the transmitted power is P, = 1# = (dBW = 30dBm so
F.(dBm) = 30{dBm} - PL{dB). This leads to the following resules;

T-R PL{dB) P{dBm)
50 m 81.49 -51.49
100 m 9.2 -59.2
{1000 m 1148 | -B48

(2) For LOS environments, we use the double regression model. There are two
possible models, one in which the break point is fixed at the firsFresnel zone
clearance distance, and one in which the break poiat is determined by a curve fit.
Either is acceptable.

-(mn,]1og,,,|{d}+ ) forl<d<d,
(10m, Jlog, (4 /d)

+ (10m, Jiog,q (¢, )
+ P ford >d,

Fresnel Besi-Fit. PL (d) =1

-{lﬂn;}]ugm[d}+p, forl<d < d,
(10m; Jlog,,(d /d,)

+ (10n] ) log,4(d, )
(O 4 ford »d,

MMSE Best it PL, (d) =1

b



Using the following values from Table I of the paper,

Fresnel Besi-Fit i MMEE Best Fit
t | N | o(dB) | ddm) | n) | n' | o(dB) | dim)
| Med (8.5m) | 2.17 | 336 | 788 | 366 | 2.14 | 687 | 725 | 554

leads to the following results:

Fresne| Best-Fit MMSE Best Fit
T-R PL{dB) PidBEm) FLidB) P{dBm)
50 m 74.87 44,87 74.36 4436 |
| 100m 81.4 -51.4 B0.8 508 |
|_] 0 m 108.3 -76.3 104.73 -'M.'.’H_i

a Since we are using the log-normal shadowing model, the raceived signal powers in
dBm should fit a Gaussian probability density function, with mean values equal to the
path loss values caleulated in part b As a result, we may use the O-function to
determine the likelihood that the received signal will be greater than or equal to
70dBm. However, the Q-function must be normalized to have the desired mean and
stendard deviation,

From Appendix D of the text, the Gaussian pdf is given by:

PI{IE.ID}-:i
%

'&z-:;~..|".'.r:n='|[ir

oI
: i m £-=m ..
and may be rewritten through the use of the substitution y = —— | piving
T

rr> 22 | Lo
T S

i

As aresult of the definition of the Q-function, we find that

P{y} xu-m\':= dln _m]=Q{z}.

a voo&
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4.30 Cont'dl

() In obstructed environments, for T-R = 50 m, using o = 7.67 from Table IL, .

M] = (-241)=1-0(241)
16T )

Using Table F.1 in the text, Q02 410008, s0 F‘]‘{F‘r z —?Mﬁmla 0992 . Thus,
(here is a 99.2% likelihood that the received signal power will exceed -7T0dBEm.
The values for T-R = 100 m and T-R = 1000 m are catculated in a similar manner,
leading to the following results:

Pr{F‘, z -—‘I&fﬂm] = Prly >

|_ T-R !| Pr[P, = —?Uﬁ"ﬁ'm]

50 m | 0,992 — 99.2%

100 m 0,021 — 02.1% |
1000 m 0.027 +2.7% |

(b) For LOS environments, the likelinood is calculated in the same way &s for
obstructed environments, except that o=7.88 for the Fresnel best fit, and o=7.23 for
the MMSE best fit (from Table I of the paper). This lzads to the following:

Fresnel Besi-Fit | MMSE Best-Fit |
TR |  plp>-i0dsm] | P[P 2-T0dBm]
50 m 0.9993 — 99.93% 0.9998 —» 99.98%
100 m 0.9908 — 99.08% 0.9961 — 99.61%
1000m | 01587 — 15.87% 0.2581 — 25.81% |

{‘ﬂ The overbound model is given by g, =e*™" " where 4 is the rms delay spread in
nanoseconds, and PL{d) is the path loss in dB. Using the values calculated for path
loss in part 2 leads 1o the following results:

T-R | OBS o ins) | Fresnel Best-Fitg, (ng) | MMSE Best-Fit a. (ns) |
S50m | 199.71 129.87 _ 125.64 |
100 m 329.64 198.54 19095
1000 m 1740.6 i 1140.82 904.56

7l



430 Comtd,

) Let's assume that the noise figure of 6 dB includes nojse contributions from both the
antenna and the receiver. Then the noise power referred to the receiver input is
N = FET B where k=] 38x]1 0% J/K is Boltzmann's constant, B is the receiver
bandwidth, T; is the ambicat room temperature, and £ is the noise figure, We'll
assume that Ty = 200 K.

For GSM, B = 200 kHz, so
N = FiT,8 = (10°*)(138x10 X290)(200000) = 3187x10" - ~114.97dBm

From class notes, GSM has C/T requirement of 13 dB, so the minimum received
signal power for GSM is Pay = -114.97 + 13 = -101.97 dBm.

ForIS-136, B =30 kHz so

N = F3, 8 = (10" 138x107 X 290)(30000) = 4.780x10-* i ~12321dBm
From class notes, 1S-136 has O/ requirement of 14 dB, so the minimum received
signal power for I8-136 is Py = -123.21 + 14 = -109.21 dBm,

All of the received signal power values calculated in part 2 for both obstrycted and
LOS environments are substantially higher than thege minimum required values, so
the receivers will not be noise-limited, at least up to I km disiance. Therefare, if we
assume that thermal noise is the only limiting factar, it will be possible to receive
either GSM or I5-136 signals at these distances and in these environments,

Now, let’s consider the limitation caused by the time delay spread. The probler
statement says that we should assume that an adaptive equalizer is not needer
mobile receiver when the symbel duration 15 greater than 10 times thems ¢
spread. So, given our estimated values for rmg delay spread calculated i»

peed to determine the minimum symbel duration, or maximum symbhe’

50 that we don't have to use an equalizer — [symbol du ration],. = 10 .

leads 1o the following requirements:



'] Environment [ T-R oy (DS} | Min. signal [ Max. Symbol |
i | period (ns) | Rate (symbols's) |
S0 m 100,71 | 1957.1 500,726
OBS ~_100m | 32064 | 3296.4 303,361
1000 m | 1740.63 | 17406.3 57,451
i LOS s0m | 129.87 1208.7 770,001
Fresnel 100 m 198.54 1085.4 | 503,677
Best-Fit 1000 m 1140.82 | 11408.2 ‘ B7.656
LOS ~ 50m | 12564 1256.4 795025
MMSE 100 m 190,95 1909.5 . 523,697
RestFit | 1000m | 90456 | 90458 110551 |

From Table 11,12 of the text, we find that the data rate for GSM is 270,833 bits/see,
and the datz rate for I5-136 is 48,600 bits/sec. GSM uses one bit per symbol, so s
symbol rate and data rale arc {he same. 15-136 uses /4 DOPSK, so 1t hias 2 bits per
symbal, 20d its symbal rate is half the data rate, or 24,300 symbaols/sec.

If we compare the 15-136 symbol rate against the values calculated for the maximum
symbol rate allowable without an equalizer, we find that the symbol rate for G5M 1s
iess thap the maximum symbol rate for all T-R separations in ell environments.

Therefore, it will be possible 10 receive 15-136 signals in all covironments at all T-R

separations without an equalizer.

Comparing the GSM symbol rate against the maximum symbol rate allowable without
an equalizer, we find that the symbol rate for GSM is less than the maximum symbol
rate for all T-R separations in all environmentsEXCEPT for a T-R separation of 1

km. We find that for a T-R separation of | km, the actual symbol rate used in GSM is
higher than the maximum symbol rate allowable without an equalizer. Therefore, we
must use an equalizer 10 receive GSM signals in all environments at a T-R separation
of 1 k. For T-R separations of 30 m and 100 m, an equalizer is not required for

reception of GSM signals.

15
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CHAPTER 4
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5‘ 2 I {a} A 0 Hz (Ko Dopalar shilty candition peeurs when either 1) the receiver, 1ne channeal and e ransmiter
ara all nol moving, or 2) when the receiver is moving along a ling that is gxaclly perpandicular 1o & line
drawn betwaen the transrmiller and receiver. Mole that the perpendicular direction implied teo differant
directions may be travaled by the roceiver to oblain O Hz Dapplar.

(&) Positive maimum Doppler ocours when the pEoEivers 15 moving in & straight fine 1owards the signal
souree (where the angle Delween g line drawn fram Lhe receiver to transmilter and 1he line of receiver
lrave! is zarg)

{z) Masimurm negalive Dopplar ocoUrs whan (e recaiver is moving in & straight line away fram 1he signal
source (whera 1he angle betweaen tho line drawn from the transmitler (o recener and the ling of the receiver
fravel s pi).

i) Positive hall-maximum Doppler osours for two dillarent physeal condilicns, where cosing of he angle
biweaan ransmitier ang receives is = 0.5 (whan the angla mags Getwean tha raceivers ling of trave! and
i bine deawn fram the receiver to the transmitler is aither +B0 ar -B0 deqgraes). This shows (nat tne
Dioppler frequency is nat unigue for a giver diracion of ravel, except for the maxirmum and minimum
Doppler shil cases.

5‘3 Show that if z, k, and y are BF signals,
z(f) = Relelt) e’“"]

n(t) = Relhlt) ]
y(t) = Relr(t) e (11)
then, ) .

rit) = Ec[i] by (L) (12)

We know
y(t) = z(t) # hit) @ Y () = X(f)H) (13}
2(t) = Re [elt) ] = ;—':{:) exiet 4 %.:-m gt (14)

X(f) = Flzlt]

= LA e+ 5 e (15)

Mote that

Fle*(t)] = € (= f) (from F.T Theory, use complex signal translation) (16)

X(f) = SCU - )+ C (= + 1) (17)

and it follows

HUp) = S - 1)+ By (=1 - 1] 19)
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5. 3 ﬁanf d"
Now, look at ¥(f) = X(f)H([) and multiply

1
Y(fl=FlClf - £+ C (= - £)] x (Es(f = f) + B} (=1 = 1.)] (19)

/\ H(-f -£)

- T T g L

-f, 0 fe f
Cif £, ) /\
i 3 IF'/I
-fe 0 fe f

Figure 1: Spectra Hy(—f — f,) and C{f = f2) do not overlap.

Now note that spectra do not overlap when ClUf = f) x Hy (= = f) =0 [see Figure
L. Likewise, C*(—f - fed = Hy(f = f.)=0. Thus

VU) = 10U = LR = 1)+ C (= = £ x By 1 - £)
= 5[50 - B~ 10+ S s -y xmg-r- 1)) oo

Now note

¥(t) = Relr(t) e
= %rfi] e 4 %r‘(:) gt (21)
Flult)] = 3R - 1+ 3R"(=1 - 1) (22)
where R(f) = § C(/)H(f). Thus
Y(f)= 3 IRU = £+ (=1 - 1) (23)
W) = e(t) = hft).  QED (24)

¥z
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{.r'l‘{.- = & = 50.6%
_ 2T
R, ,r.;:-g},x;uf‘x_z;m;oﬂﬁe - 5*'F'/_‘4 =F
Af:imng Cr= 2174 pF = 2:pF  we get ( = 20pF
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fﬁ-p,;a response of this fa{mﬂm Yure deleclor Which awe

Shawn in g pé-of (@) ond () . rejwir'rf’g, (bg.102).

_E? See the /;‘f/dlriﬂg P”"fmm P&-Oﬁm el
,.c@_ s_ofa (@), (8, (0, () and (2} and rg; 4 09bh

ey, () (. (d) and (€).
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6.8 Cont'd

Tha MATLAB progrem PE_08.m f&jfﬁ the m?vﬁ:‘ma’em
;’;fm ra:fr/?msz a]t y{w fqadm‘;fme deledor Wheich are

Shawts 7 Fig pé-of (a) and () . respeively (.12 ).

_é‘;-?.—l See e MATLAE /prﬁjc?rm }D{Lof.m and -
F@ﬂ. s_0fa (01, (6, (O, (d) and (€) and Fgﬁ, & 09h

e, (b)) (e (d) and (€).
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20| See BPSK rtcaves m secion 8.9/

U1\ See ths MATLAE projrae pé—ti-m cnd Fg-Pé_ff

5 5

Pogme= O( [ ) Rope=zoplm)

Fe .opsk = G{JEE} r Fe Fsk poc = ff‘ﬁ’f [’-—;%:}

BPSK . DPSK and GpPSk are all linear censland e/wd?»e
rodwlalion - ffCl{A[guﬂd. Theq can  Save bardwid# but
re }ﬂﬂ?’ P /faawgr eﬁfa'eug. Prdse c,iﬁjmf fn ke

#e  rodulelion fE’Mf;LE:Z non -censfand  en wrd even maore
Eandwidth #'gmf. EPsk pnd GPSE all poed

Cohurent detection which 15 rore aled than the han-
cofirent detedd o . FSK i a honbireer codlant ”M;}pa
y@,{‘{,{ﬁ,{m ) Hz&iﬂj class ¢ @7?&)4'5;'&#, i s /ﬂwﬂ fl'?j"v'c.r?;i
bz ocpies a Luger banduadth Uan Loenr modidation

schunss, evin whin - pul 5170&-63 is wnd, FEK ledhnigus
art ret &5 banduidih fﬁr‘aw As  [inear ffﬂfw'gm-
FSK can tse  poncofseent  diteclion .




é./2
j Assume a binary bit stream is o be modolated an an B carsie. If the
baschacd bit gtream has o dats cate of 1 Megabit per second, then:
E
{a) What is the first-vero erossine bardwidth of the ¥ goegtrum if uin:,:le .rL;: g
rectanguinr pulses are wsed, ansoming BPSE i used? R
2 S lHu}j
T IE MR

| LT P Y PP
o E::‘Iwcwl‘ﬂ:__d LT g v o T?;BL: = N :
TL =\ el
T 20 200 K2 ek Y
(k] ¥What is the shanlfute bandwideh of the mm-rrmm-gnm L v fe {:‘"T

pulses are used, for o = 17 Ammme BPSK in unad,

Htgiji '{?1:' '_h.cknd o= L
braieed T . [jf‘lip"llz; . B s [[*1 o
DVAwA T A 2 m% Hs

¢ 3 T 7B ST e G (iR

(&) ‘-'r']uiu!.]:t nbeclute bandwidth of the REF spectrum f mised eogine rolof
pulses mre used, for 2 = 17 Asmume BPSK in used, —-""1'—‘-_']
R}:_' Bw = [lA ..-"ral U:I- = |:4333 .JD H.E;-

(d} If & timing jitter of 10~° seconds sxists m: the receiver and rained mosins
roliof pulses are oved, will the der.-_-:r.-:-t experience intersymbo] interference

Tizh::dﬁml:'::;m:" uc-Q KL -LS'I for al Fn."t 5 vk Tlet .t"'FI;-
‘E" (tre daswed polse), !F Tle Jlﬂu i E‘:r:.c‘H
m 'h;u« 1WH.m~:| r::.{"t-stJf LE- exact! ML:..: 'r.,wj

wi |l L_._ P IS1 ;LLf__.ﬂ'f "I.'CI" rji-‘ﬂ' T un1 .,..;L:ch will e, f‘}&
(e} If GMISK modulation is to be sed and & THE bandwideh of 500 ks = I cEyee y
used for the Gaumsinn Jow pass filter, what i the proper choice for r.hr,FH B (TR T
peak frequency deviation, 457 ke gffame s 3 T

4
pec g Ko ¥ 25544,
(wer A funches f Tor€ B! )

() For GLESK modelation using 8T < 00, bow meany spectral sidelohes

- MNe seda blas eccor af BT*‘-':.;E
T oglaccep? Fwosidibbes  fome wncach ';uq‘iafm,gc)

&3] For SAR =30dp = oo B= 200k HE,  the Mexkimsm fﬁzzgﬁfﬁ
dala jofe = (= 51%;' (# J.UJ oo X /o xu’?j} fot?ﬂﬂJi‘.ﬁ?fﬁfégj
The GSM data rafe 5 270.833 .%P'S which 5 07!?7 cbond
sr6c




é_ﬁ] for I5-54, R= 484 Keps | B=30kHz
':;-:’ 9‘?5 :E£_~: ‘;‘gé hf,{fé}b}/h';

S0

for GSM R = 270.233 @JPS. B 200 iz
= T = s e
For PDC. R=42kbps . Ez25Kfr ﬂf?g— —/ﬁféfﬁ/ﬁ'z

For I5- 95 U bandnidth éj#f'w"e-nf?f 9’%’;:?@1@“5 o .-’er&:r?f-
wors K. For R=9.6 Kbps /s B= 2088 MHz

- M F N ¥ TR .
= Mg = =5 = L2EL) = 250107 Lps i

If WA= sodfm(en, e taareticel specnd effcensy
Tras = Log, (HSNR) = Log, (1 100) = 666 bps /e

b5 See the MATLAE }pr?mm jﬁ?cﬁ_,f;?'.m aud Fg.pé,;ﬁ’m and (5)

J o s[f =
Hoe (4= 1 L g foe T (] 2T - 1422 T ’
Flec (f) = 2t bes [ TLOIZT - 1ell ) ¢ Ched
0 ; =5
If] > {423
275
Mot t
LS e (EE
ARy (t) = ——F— - —— 2
mt ;_{’fmrj
<7t

Fraction of s ttad radiated ereyy tHat well fna pet-if dead
I N ﬁ.;rrfm-‘a,r
= /= *h:‘;_i_h"""THf-"_‘_‘M LTS / f- = 3xi67 = G-c}&jz
(o Hes - ( ::L’I.i@) df
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Freguancy response f rases orure e
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B 2 S5 o1 s a 0s 1 1.5 z 2
i2) reapney (H2)  akha = 035 FAg =249 kaps w10
ot Irguie respense of Fased sosme filler
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e [8)  Alpha = 0.35 As = 243 keps T
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I?.JI,KSIIDS (Sfa wf/SD /ﬁ'fwfr’m, 5:_3?;:
b= —?'ri = 0L xi)2 210 = 7.6 KHz
5
R N Y o L R SR
2E 2¥9-6 #o’
Fo(fs = expl-a’f) = exp (37567 )
herty = &

E’T} (_‘:'_:faj L zgpp;,pgixp {-2—6'21!5?1'1)
Blg=02 . = =%

= - 9lx /9 JX.f'ﬂﬁr 3.54 [Hz
!5
- o= LIZTE _ aTrE

=52 =
J'g _ﬂf.ﬁﬁfﬂs _"F'-"-’.; Ko
= Half)= enpl-o'f') = expl-225x/0°f°)

Aelt) = ?*ff_ expl- a?if-f‘) = u55] exp(rF5xi’t’)

.g:'r;.:a.;?g = B d;f:’a_ - E'?fﬁffu’x:‘pg: 14.4 KHz
. 3
- o = i 77% vy

. - - 4.4 xto®
2B 2%/ 44 xy0* .08

= = V= pypfl utriy - o, L
flerf)= expi oL f )._ Oxp (~/-6705 " f°)
}5.5.:%} = —ﬁ: fa:ru.s"—;,?'r-; ) :'9.5‘5?,{@; E'?{'m"w

T,jiz ijwﬁs@. mjﬂm,c and f?fg “enty Q-E?Jr;wa art Elor

¥ Féc'?- )v&_fé (a) and (4) , res ,pgi?,_ ﬂj‘? “hs

MATLAE )-pmfrm ;t?éJé:_MI We cun calodote e
fmﬁ . ot of e total radizfed encryy LAz  wrudd

fol od-ofbud.  for BT 05 R 223231078

For Bls=o02 , Fewt = 2202107
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Please sec the MATLAR program atteched in this solution. To be comparable, we use the
inpu: WEZ bit stream is [1 O 1], Applying differenr BT values, we can see the ourput of the
bi-polar NEZ wavelonn from the Gaussian pulsc-shaping filter with impulse response;

h(f) = f'..exp|:_ﬂ- J'!-I
lad

1
led
with a=0.5387/B (B is 3dB baseband bandwidth). The filter can be achizved in MATLAR by
time-domain cenvalution or frequeney domain multiplication (by means of DFT JIDFT).

The sipnal is then sent to a FM modulator, in which the frequency deviation constan ks can
be calculated from the output values of the signal from the Gaussian pulse-shaping filter. The
modulation index in the program is 0.5, The output plots of signal of the Gaussian pulse-
shaping filter and FM modulator, with BT=0.2, 0.5 and | respectively, are shown in the
following fipures.

Cutput of Gassien pulne shageng dher BT=02
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Crapest oof G siins puta e ghapeny e BT=1

1 — Ay e
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We can see that IS 35 introduced in the signals after the Gaussian pulse-shaping filier, especially
for BT<0.5. This is the price paid for good speciral efficiency and eonstant envelope properties.

Simila:ly, we can recreate the sil::'.]:rl'lfle,d wersion of Figure 841 as below, The PSD can he
calculated in MATLAE from its definition or by using existent function, such as spectrumy) or
pidi). The NEZ bit steam is randomly penerated in this case, Ses MATLAB pregrem
poE=lm,

Note: There is 3d8 difference compared with the graph in the iexthook

PSD of a GMSK signal

20 T

40

PSD (dB)
=]

l‘:

=
(7]
Y
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Marmalized Freq. (4z)/Hs
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Tahie &3 in (he texthook can be recreated by caleulating the power density te reach the required

(ontd-

p-cn:n:nulg:s.
| BT 0% 9% 00.9% { 00 0%
[ 0.1GMSK 04230 0.6470 0.8087 | 0.9455
|__D2GMSK 0.5225 0.7962 09953 | 1.2068
{7 05GMSK__| 0.6843 1.0326 1,2939 | 20404
[ DIGMSK | 0.7340 1.0824 1.5040 { 2.2021 |
[ 1GMsK | {1.7465 11197 19513 | 25615
30 GMSE | 0.7838 11819 2EBILE i 68179
 [MSK) | 1




&1 Fram gg-a@;m (6-04) we€ Aawe

Swskiz )= Mylt)- a-:.( =) o (27, )
+ Matl) (”) S (27 ) (P5tE)

Thpre crt fm states ot TAs f;w (relt), Matt)) Coddf
be

I }'W{En Mrity= 4, mell)= 1 Egﬁml“'ﬁh )D:':'_Iﬁ Mwé

Shsk () = (s (F) s (7 £+ S (1) L (o)

= (ofafr- L

= I [t - e Mell) S5 ﬁ, 0]
3 whea Me(tiz 4, mglt)=-, fa;m'gfwﬁ e e
Sff?sk.fl,-:': Lo f-??fc [+ zi“;%
= o[ 2T i - M) merfj-%f— 0]

=
3, w{m MWhitd==t, Mall)=i. e have
Sposw (1) = = Cas (L) rfcfs{'zrj 2) # S () S (et
= - {:-:r }Hﬁf.,. = j-'
= Oy [2Tfc - Pafty-miget s —"ri’?’_g
F Wl Pet) = =i, Matt)=-] e Aawe
Swsk lf) = - &mlrlffﬁ Tr ]
Lo [z2rfet- Jﬂxﬂ‘,l plt j = hﬂ

LN

From the above | ne can S€e Wat  Surlt) can be ?ﬁwﬁ«ﬂeq’ag
Smsk(£) = a?afzfﬁr ~ ity My () 2L 1
T A s ) 27; fﬁki
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619 Set e MATLAE jmigm fﬁ_ 19.m and Ej.f:a,r? (o). (b))

——

(o, ), ). (), 1g). (h) and (7).
for a 5:-;'2#3 message ctremm 01 jo0/o). TAL serad dnia
Strtam s forwered Te o beo /pafm’&—{ data Slreamc . each
with symbol  rele a5 ont /E.qf,f of e bt e The eren
difa bids mptt) { the férst bit of dite stream 15 (adeled
as B 0) 0/lop aee ]lz'r:&“ ﬁ%ﬂﬁdy oL ﬁ&f/ﬁerbs@"
and  Hep ,-‘mxcft'?ﬂfrea' :é?: x(t) ( See F?_ 4329 i Sedion
6.9-2), tha odd dots b Mell) e Mjn/'f‘a’ by Jot)
The  Cue .:?‘ ey fawd m:»wffj'oé-':a!fﬁh respdfs a8 Tt Aok
5?»'»‘”4'- The fj?w} mrlt) X(1), i), Matt) Y ).
mgtt) , aad Saer(l) ore  Shown on Fg.‘ps-f? (a), (L) (e
(). (e) . repelivety. In Be receier, e mpd of
the integrder, Cusedt)-xtt) At I Chanol 25 Shown 7
Fg.fpa_x?rﬂ and e M/m of s ﬁ{e;ymrn 2 shon »n
Fey-pé-19(3) . for the @ gnnsl | Swsltd J16) 15 Shoun
?;? Eﬁ pa-r7(h) end T aujpna' of s ey raler 23 Aot
mx Fg-fﬁ—r?{:‘). In Ffﬁ».fé.ﬁfo?,‘am (7). e sm?o/é-g
Seqrals o5 Us Srfnf o Ay Uheshld detectrs are also
Jiwstrated
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Ly detipmine the odove result | we cusnac hat all soterforers provise egual
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_;2;*) 3 (E_Lf) = jox 33y’ = 2:3x/07

= J%:’ = 45600 = %L = 202058 =k =276

t'ﬂEE.]

T.=1/1.2288Meps, T,=13kbps, 7.8dB ~ 6

5o the processing gain is PG=T,T,= | 2288M/13k = 94

[ l -1 [ 1

Assume BPSE,

BER = — | = (N = 258} =10,
Q{ T o g S ((2.58) = 0.0049
VirG  2Eb h‘ 149452

For actual [5-95 system, some coding overhead is added. So the bit rate is 19.2kbps, znd since
(JPSK is used, the base band rate is thus $600bps. This gives owt PG=1.2288M/9600=128, The
conaesponding BER 15

!
' 1 1

BER = () = = 0(2.74) = 0.003 1
Qf;x’—l+ﬁa 20-1 1009 i
\V3rG " 2E8 Vi*128
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r

-z i 1
Assume P, = Probability of collision, then F, = %e ‘”'[1- .I”j‘]+ EI’,’,.
P, = Prabability here is 2 collision wilh another user. There are M channels. The

probability is equal to %ﬁ' . Assume the first user is on a certain channel. Probability of

one user landing on one channel that is free from the first uscr is[] - %!.Ji For K -1

=1
users all landing on a free channel, the probability is [l "%{T . therefore

P, = 1-[1-%{]‘

Assume Ma=1.

Now (1= x)" = 1 = x" where x is an integer.
K-11 K-1

M

(
Therefore P, =1 - ll -

LY .
Therefore o= .lir-”'-[i -p L %rlﬁ.h: 1]

_l}[h’—]]

20 M




6.24

{a)] In & D5-85 multiple user system, how many simultaneous users may be sup--
ported such that an average bit error rate of less thas 107% is maintained for
each user? Assume oll users employ power corifrol such that the received pUwers
of each user are maintained at an average Ey /N, = 10dB, and assume each user
has a PN code that is produced from an 11-bit shift register.

hﬂ'"{' E""‘_ Lo wll,_.':ll' i

£
[ mﬁ] e
— ZEy

b b= 2 -1 = 2" 12047
Fnd K %mrh“hw_% PE= 100 = & (3.1) fren Teble

3 . | 2o G
{-:ED ‘?,b: . ~ ﬁ{:.-i_.q_l
=4 1 = 2e(k-1)+ 41y

'
J k-l f_i -
3] EiMt ==

.6 ?—ﬂ“{ N mqr_\ 20{GI41) = g, ¢ [le- V] = loH @;wrj = &fe) 2 [B)erl
(bl Using your answer in (a), what is the resulting average Probability of Error for k-1 = o
& user if one moe simultaneous user is added? Would this be noticeable to all (-~ 3308
the other users? Why or wh@
/ Ml‘:} f L-.::‘.. 'H' ""-"“:'rl:a Lg

3

3.0=

et Hﬁﬁcﬁisté
Sine@ O ‘e vser ."M' .%][g Q Edﬁru,

by Such e h This s dve Fo
O R R s
L"Otﬁ G Q Q:! Mg UFW

rwr:b Qv
s www s 7”’
"1'“’ jﬁ j;{i_f;

"



b 25| (o) number ajl ﬁ?s per second
= 2,4?)5/513 X R = 2x 25000 = 5x/0° ﬁ:;;?s/ﬂac

(6 For _;% = 2edg =/00 and a 51;73& nier .{a,ssam;f

AWEN)

oo

Fi= 5exp(- 5%;) =3 E*ff-?) = 964 x107° 20

(€) pumber ¢ seible Actpind  (Aanasls
o et
M= 222 s gy = g S ko L 20

Lox/p* = ELMJ:E’(‘?_'E = N

) Bo=xh =3l -7
= 5[0 ) e

&:-?r}] Hmnts ,Q‘.r 5D|w'r1c_]| Problem (0.2l

To evuluate the probability of essor, Fy, of & signal in fat Rayleigh feding,
Emply weight the P, by che conditional likelihood of the signal being s particuler
value. That is,

T E
Plermor) = fP[tTrcur jspecific BNy ) -P{spedfic By /Nl d (PT;) (1}
© in text books - AWGN

where the probability density of the fading £y /Np = given as the square ol a
Rayleigh distsibuted rv,, which is easily shown to be exponential, eqn. (5.155).
If we et X = random By /Ny due w fading aad Jet o denote & chi-square
{exponential) rv. with the pdf of o squesed Hayleigh disteibuted voltage, then

E
= E —_—
XN=u (Nn) (2]
Let's et
— E) E}
e rage [zt
r n-_"Nu,tl:l: avesuge value o N (3)
Then
R0} = [ R0X) e X (Equ ) (4]
o

is the value of F. in at slow Rayleigh fading.



626 Hints aond'd

Hint: Derive the pd.f. for
E,
=g {2 .
A= (Hﬂ) ()
where Ey /N, is & enpstant and o i Rayleipgh, and ¥ou get (& /53), an cxpo-

pential PDF,
Mate a tuble of integrals can evaluate {Eqn. 1) where

) 1

Pi)z) = 5o (6)

1
n = for noncoherent FSK (7
= 1 for DPSK (&)

end
y 1

P::,' .;,"j = Etrfﬂy’lﬁ |:9:|
A= % . coherent FSK (10
8 =1 coberest PSK (11)

A toble of inteprals can show:

F,E”=ff,j”ijll,r*dx (12)
]
1 1 FRm

Pl Py e ax

i = [ B (X)get (14)
o

1 1
]

OR - if mot closed farm, use numerical Integration for specific valuees of T



Lo Selution

Ve can treat the system as synchronized because they are in the nearby local area.

Using formula &.147 and 414%, we can phat the curve for BER vs. K. Plzase nate that you should
wse the exact expression of 4147, not the approximatien exprassion, o thet you can chserve the
change of the curve. A sample code in Matlab is enclosed.

When K=25, BER is above 0.2, which is redeemed as unaceeptable hecause we need 10 apply
significant coding scheme 10 reduce the end user BER, However, for the homework, any
reasonable justification about aumber of acceptable users will be credited.

Sync. Sys.

E-.EE-I T
0.2f

Q.13

BER

DOSt

) 5 Lln:l 1.5 21:! 25 0
Device Mumnbsar
6.2?1 See the MATLAB ])mj)rtfﬂ /pé,z;'.m and Fg./ﬁ‘é-?;‘a

(@), (b) . Ff,:? f;é-nérﬁﬁ-(éj, Ej.pé-z?(raz,gé} and
F.?- /pé-z?d.

For & Gawssian Zdujnn ]’;'t:ﬁer wth z‘mmfv f%éffﬁh
Heif)= fx/bf'—oz*;f’)

Fhe 3dB lbardwid# B 5 related with o 5? vhe
fc:ﬂﬂwlj ef:@h?
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1{'?;] ayla - 1I:I1
GMEK zanal faf BT = 0.2
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o 3 . & 7 B g
Fig. p&_2Ta(a), (b)
. . f‘_:‘r.-pm o ?MH.WI“ :hlaf;ng fingr BT = {.‘..5 . :
; njl- I."l \I ll"l -\I'llll .
E .:}'_-—-F"lIII I| II L
£ |
1
R A
T—‘“ .ﬂl | || ll’\
s D-E-’:\ II/\I |I /\I| f ‘ ( \ /\ |
z o | -
RN i
I lI'J'I IIIJI : II..J . . |IL.-II ll\_,'ll )

4 9
1 [Ts)
Fig. p£ 27Tb (a), (b)



Chitput ol Gaussan pulse shagng e BT =1

15 =y
oA

I B B

e

: :El.ml pulpul
|
[

'3 1 2 al 4 5 [ 7 ] a
[z 1 (Ts) damw=101
GMSK signal far BT =1
- T

GRAGHI
(=]
—

(=]
w

(b) sl
Fig. pé_27c (a), (b)

Pt s5sectrsl pansdty ol @ GMSHK signal

20
i
o b, )
%\?\ —
7T\ /
E |III —"\\
E -0 L\\‘A“'{_«E\ﬁ. ;f-"\_\
- “‘1‘
& ot hY
T T
§ -an BT = 0.2
u1m.

1.5
Movmalized Frequency” (=i RS
Fig. ps_2rd



£.27 (ongt'd
He (8)= expl-oL'B) = o=

— —l7E = -5 &nZ
- = 1dnz 1
*= 5B

A Shsen ?7 £.42, the GMsk %‘?’”’f L5 gerarsted
Jg fﬁ.sw? a NMRZ N_..sjﬁe bt STrenm Q{rrxg,uf a (asssian
g}m{'zﬁ:ma’ ]4-5@,_{ J—faﬁmd Ji;( an  FM WJ&MW, WEh a

Iodadalion  mdex o/: 0.3,
£28] We dﬂ:fw the KF boardnidth as e band f-}?{
Whith  ererghlece oniside  #e oesr W ajcwf;f

a7
(PSD) 15 belps -40dE . Fogn F?‘v. b4t We

have

for BT=025 By = 220938 = /66 R

E’r BT =e5%. Bw = 2X/76Rs = 2.3:

Lor BT =1, Bw = 22/ 6L =3.2 Ps

For BT =5, Bw > 2x2:5R= 5K




6.28 (and’d

(o063  For GMU with ET=p25
Simee Pe= G 'Ei)J c:.::'.l}

Ve 85 fm— Som pip Mk (Bi=e2)
Hu EefMe af'ffﬁ'-dhf['mﬁ frr all these caser pld be fese
Hon 1dE whn Compered To the  Gplimar MK, Vs

f&rﬁ@f e BT. he Hn “Ae a":cfx'wﬁm‘ém

From the above we con see that whin BT clecrivses
L KF barduwsd T t’;t".cames E-&"J?-*f-r{ . /‘qffffflﬁf?m’g' s BER
TRCIERLCS . A ffa::lf as e GMSK  crrtdpcible error
rote w ééfﬁ }%:’m ?ff’*:m.‘ ﬁmﬂir{&f J%;r’ Wif x?we'-f’x?(f’ £}mﬂmf .
LAt 15 o /amm.it‘-;» ” m;,j GMC

42%] Th @,(P‘-,f ) m‘f He FM discrmenator 1 e

il fm?ﬂﬂima fff’gmj deveotion ¢F s 7@« 7

J
M'J." ,:a‘.l;:r_,;f-' j?‘jfgmir iy . fIT-'T pff'vf J“?Mr X()= '5}3{( c?flgft@'
i) = 280

P, . Thafort, affer mmlegried over ont

Sy mbrg! wd

g &Ly s _ ,
o, de = O kI - @(+0Ts5)

- 19}: - EQF-’—.'

Pl

Fom &, g.:s,rl%? Ldle &.2 , WE (nr didormige A0
Fransmitted daty Stream .



£.30

Using (¢ -/5&) and assume Rayleigh fading distribution model, we can evaluate the Bit Error
Rate from ;

E
Pe{F]sze{J{'jl%e rdy

Substinuting QAM Bit Error Rate formuta (6.127) into Pe(X), where X=a’(Eb/Na), (o’ can be
normalized such that a’= | and X =T, the average Eb/No in fading channel) we can work out
the curve by using numerical integration with your favorite math. software tool becauss closed
form is hard 1o pet,

Note that the QAM BER formula in (.127) is derived from Union Bound {upper bound). So
while we use it to plot the curves for QAM BER, mt very low Eb/Na, the BER is abave |, This is
not true for the real world but is acceptable in the homewark if you are using (.127) to do the
plots.

BER

Eb/Ma



(a) Gives that binary DPSK modulation has a bit error probability of r AT /‘”ﬁ

1 _E
P‘=5eﬂ (r e %x

in AWGCN, find the probability of error for DPEK ina Ttayieigh, Bat-fading chan-'
ael,

m

f35



&35 Frr Z%J.“ &g-ipuf itz (o3 ((Wéff{?x.}, e cudio?
Vi
E‘?— ./AE afofmfw:-f w X(1-Ts) = (o {rfﬁc{-ré*r—
= ““{f .5,)1— LPF m s :ﬁﬁer oL

H’(E- '51_':. {rff.n'—{ﬁ.t-:j
Gulpue of LPF 77 the Lowinr arm .

Zx= Sir (On- O}
= ;}ﬁ;ff;:f 7( :?'FFEAI_'}E'WJ th[i-*-f'f{;“ 343 pﬁ'_‘ {%[,.gr L

Sr=v, E;;‘r Wi »e0
5

C Lz

631, W[j}}
f <o

T : dr 7
{ FupL '-'.F?T.E LA Indiled dafa Stream e E.";-E mfﬁ'd’

‘Jf
Ged ot -fi'j"“ deciiin Aompce A8 {owese aom

b
o
1
Ly

634 For Pz e, Xvo, from Gulion (£.055) we hue
7= .
/ f

I{_Hr"”} 2 1)

_\5

— ™
=0 Ffe.opse =

I

L35 (e) Fer Qﬁwﬂj/ ;/M("‘? L'/'L"“”L"fff:rff JDe.ppsﬁzz_ﬁ, Se

the  nessary averge Es/He m areler U clefect DPLE
ilh an & £ Eff oF {3'-3 -
Ji - »-u?r & f / 5
=z = = -._I__ - By
e ‘EJPE’.W.:;-: 2xig7? 200 = ‘fﬂ!g '

(6> For Ficean f&ffrﬁfaf a{ﬂﬂnff A5 Shovn i Evmmple
A
gl . Pewpr=

4 e
”T—*.fﬂf; )D F-H-FK
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G35 Cond” d

jvE a"{f“!'_’

Assume K=6dB, for Bzl

the awf:ff f,. 0= 1&dE

If ke 7dB . Pe=107t we hwe [(=166E

We cam 3FPE that *f%r Kr cean 'f’ﬁd’.s,'f-.;; chornzd e

£ala " _.4‘P
hLies Mf& ,"./: fﬁ? &a };P(V fﬂcflﬂ.?Pﬁ- -3_,_.3 {fe3L

tan Thal fb" r‘%; ﬁigf“f ]‘m.vig f:'firfm{  And wher K
Inerenns . thC neessary getrage G- desrensesfor fired e
@ (6> For Rayleg? 71,,_,1w? chanrad | Do gp = ;;:
= [= - 4;«.1:«?-5 = 44 dE

(b) P,_, = ﬂm Fe f}-frxm'g’, fﬁr Ricean {M&ng

fhannsd f{x ~ 'Lr’j’gf (H#Hkﬂ] (Efﬁ"““—"k,m)
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friy)= ful dgllg_#, where ()= 5 ©PTS
for A Z0 Therefore
E
ot /
wl Wiz —. Ex 7 )
& oL J
= Ul-tr}mh 20‘};1 ot | =
_ -_|| i \ y
= I Eﬂ?{—;‘;; J{r,—f ¥ zo
S L g ce chepter 5, WE Aawe
Sonce 7= 200 (3 a}v
| )
rli= = Exfpg—-—_“f}
{ ! §
37 D Lo [ED =L (- .
it B i {1- 2 Vi 2=
1 ALk 2 T I, 7

Hif’j ."";"jj‘":ﬁ’ t sernes %Dmrwﬂf{m: .

Fe.omse = 5[ 1- (I EEF}J E zfﬂj

I e /méfm £.37 .



CHAPTER 7

Tl In ths ase szélm-c‘m . et
Te = fcgaﬁ? Ji Y ymjr,
We = [wee b o - winl
We fee  Xe= TiWe = WAT- T and
Cr=ab- X = de -1 We = dp - W Tz
We can see pAaf Tht  exgresiiom For Ko and Cp o
te Same as eg uali o (7.1 and (7.42) Thus the
MSE are 1dentical . Using tht Same imethod descrcbed
o Seclien 7.4 We hae 14s 47>fr'mw :mff'j/{,f vecter
w for MMSE

= -

w=R-P UL Se e S
whre = E[ Y- }7] = EIM Dk

R AR
- T
ond f= —“’:Hlffk:ﬂ‘] = E[ﬁfk'ﬁm de Yo - e 053,;?]
7.2 (o) Assume N>2. e AﬂyeT
. # o Foll _ T4
Te = [bm% :.mjﬂ;;-’]. dp - 2@;(%}
ll'_i,ﬁ' = ,'J_.f"n-'}o Wr]T.
> R=E[h 1] = g[

_gmzm’é—u_ ok 5;;.,;]”'6"}
I
! [ T
B [ z Et’c:‘;;]
N A

2z axh . 2FE . .
S A —qu-;r-.gmﬂ{;}J
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{rdj €‘k: 5.\!{155— (Wﬂ?’lk‘f‘ M‘Yk—l)

_ c H—"f T o 2T )
= 2% (5 ) = (=) .
=2 [ (Et S ()]
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- ot ! %
- -c?'l:(,?'f"_z‘-r'-?j =

T3] MSE = 2+ 2w’ 2Dy wom + w4 2w 520 = "= 4
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=

65 "+ 05 WA+ 0308 Waky, #1 002w, -2 =p

,’—"J;E_» ];mr Gf We and 1 et (an 5@5{5&; i above
fgyfu,fr.' G {FF_..@"" }Lﬂ-’/f f,g{[ }’ﬁ}g y&-'.'ffﬁf ::}:-':: a_‘ = 2

1.4 Jet M dencte Uhe number ﬂf @fﬁ,—awg n LA

4
ey walizer . and M e Time ?’EZJ{L}"EQ’ betuaen  each
X

ﬁgmf ton .

(e) For IMS . M= (2a41)-1078 (s) = 2011 1S

M=25N 1450 A4S

by For Kelwan RLS,
Spuare yaof RLS DEE . M= j 5+ 650 vt

(¢y For
(d) For Gradiont (attice DEF, M= 134 -8 “s




7.5 Fer ]{ﬁf = joHz, we hae e Coherence fime

T, = ’i;é:u = 4.32 mSec
Ifﬂ'r | ‘
rf{wﬁc e maximum Tomg inlerval é&ﬁm r&‘f}*m?m? 2
% 13 msec gﬂ_:fj?ﬂg N=5 f.f:r IMS ﬂéﬂ?i{ﬁJ Ench

bf?ﬁ’m%j sf Lhg fg‘m&?&% needs Teme Te, where

I

Tu = (2441) %1076 X Stertinn numbers To 5“"’?"’7‘4
= (25 x/0 X 10 = (1X167°S = 11 s

Rﬁgm'rﬁ Ja < fﬂz Draspo’ssion overhond =12], X4.23 = 0-§23 msec.

w75 pmpessible e )ﬁ/?:@#&m? T IMS ﬁj?mz%m
07 Such @ low speed ﬂspd-??. If ke Dsp f:,éj;g @
Perfom 27 Ml ?ﬂu:’:’fj@&'{af‘ﬁ;ﬁ-‘.g perSecod. Tu betames
Gdtms < _413##}2: ¢ $23ins | ?T{mjgf For Ja=I00lE and N=5 th
LS lgorithm Gan by riplemenel o410 27 [TiHion modtiphenticrs for second Dsp diy
Sf,c.jp.g;E each Time Skt of the signal  Conlains 162 Synlal
M OGS Time duraion, Thave Shenld fe Mm:%:’#é
3;;‘?’*56?’ 5. T/Lﬁrf](rcf ERr mAxim cm .Ejfméaf.’ rafe S

Rover = 750 2 3002 KPS due T thouvol coberence

:m% - for RS alyonthy, using The loso speed DS
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= (25484 4505) xf6¢ x50 = 42521075

= 425 ms > 4.3 xmj = 0423 m$

by



7.5 (end o |
Thes o V5 also inj)ﬁjsr'é;".e To rybﬁzmnf the RLS Rﬁmﬁm on
a Dsp a‘;f, with 1 Slibden ,»;méry‘a&mdm ot Second . The

I L 7@{ "f e DSP aé?a regured 25
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7 6| (a) See Uhe MATIAE f;?n.jrm-, }D?..::rrf.m
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&..2 | Ses the MATLAD program pelZ.m and Fig. pfll2.

The 64 quantizatien vectors are [each column contains one vector)
Coclumns 1 through 7

0.0577 -1.8433 -0.6225 -1.1155% -2.0601 -0 .13B0 -0.0921
0.3076 -1.4062 -0.38&3 -0.77138 =0.7074 -1 IRRE2 -0.5&88%

Columnes B through 14

0.2003 -1.5632 -0.2561 -1.9816 =0.940%9 -0 . 8360 -0 . 56854

=0 2440 -1.91E9 0.2B48 =2.6335 -0.52E8 =2 .2484 =1.1B09
Columns 15 through 21

1.2101 1.1545 2.005%1 0.3933 0.4235 -0.03248 -0.6749

0.&a41% 1.89480 2.1411 =0.1250 1.77490 -0.1832 0.3081

Columns 22 chrough 28

-0.3331 0.1544 0.8663 -1.2850 0.4223% 0.4424
-0.3328 0.5541 -0.3847 -1.4615 1.347% 0.8415

= a
ol
T e
e
a

Columns 2% through 235

-0.2333 1.2679 -0.7651 0.1331 0.8701 0.3033 -0.7017

1.3738 -0.1312 C.BD26 0.2053 G.1702 D.34B8 ~0.7243
Columns 36 through 42

0.4021 1.1372 [0.0144 0.5454 -1.43592 -0.7975 -0.1514

-0.5522 0.8577 -0.5260 0.3412 -1.0083 -0.204%8 0.0DES

Columns 43 through 49

1.5928 1.4233 -0.4340 -0.1647 -2.58761 =0.7477 1.5103

1.4323 C.EALE -0.5211 0.7469 -1.B7%2 -1.0637 0.5321
Columns &0 through 5%

0.5527 0.5871 -0 .4250 -1.23%7 0.7594 -0 .4568 -0.48E8%9

L.051s -1.0410 -1.2822 -0.35879 24654 -0 .5875 0.0831

through &3

-1.49%24 -0.773E 0.7855% 0.7273 -0.9640 ~0.367% 0.12&7
0.1370 -1.620% 0.6134 1.04814 0.1578 0.510% 0.0787
clumn 54

1.0224
1.3258

The mean sguared error distorcion computed from the tLest sequence is
0.024%, which is less than that for the uncorrelation case In problen

[

Cemparing Fig. pdi2 and Fig. pfdl, we can see that the guantization
vectors in this problem beceme more condense due to the correlation

between e Sw‘njp!ﬁf».
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