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Figure 5.2 Cell dusters.

a. plculate the total available channels,
ttermine the number of control channels,
C. ftermine the number of voice channels per cell, and
d. ltermine an equitable distribution of control channels and voice channels in each cell.

ntin Given:

ToY bandwidth = 30 MHz .
Chunel bandwidth = 25 kHz x 2 = 50 kiHz/duplex channel

2 “he total number of available channels = 3’35-,3"099 = 600.
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“less communications says that the reccived signal power is
rth power of the distance between TX and RX. This law is
. received power for the case that only a direct (line-of-sight,
< wave, exists. For this specific case, the following equation is

naviley.comfgo/molisch).

(4.29)

:+ of the transmit and the receive antenna, respectively; it is valid

‘ dhoreak ZHTxARX /A (4.25)
the standard Friis’ law, implies that the received power becomes
ermore, it follows from Eq. (4.24) that the received power

i ‘height of both BS and MS.
to rewrite the power law-on a logarithmic scale. Assuming that
" breakpoint diear, and from there with 4", then the received

(4.26)

ower when there is a direct wave and a ground-reflected wave,
(sec Appendix 4.A) and Eq. (4.24). We find that the transition
int 1 = 2 and n = 4 is actually not a sharp breakpoint, but rather
s to sirctly test statoments about the onset of the & law.
breakpoint is at d=90m; this scems to be gpproximated

;‘: (énd in Appendix 4.A) are self-consistent, but it has to be

% yniversal description of wireless channels. They do not agres
stic channels in several respects:

valid decay exponent. n=2 is fulfilled close to the transmit
ances, values between 1.5<n < 5.5 have been measured, and

1 AR

hd—Z"

10t 102 102

Distance from TX/m
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e-edge diffraction geometry. The point T denotes the transmitter and R denotes the receiver, with an
nite knife-edge obstruction blocking the line-of-sight path.

K //W/////H/I////ﬁ/T
Kni ‘e--,cdg'e diffraction geometry when the lmnsmitter and receiver are not at the same height. Note that

i and Brare small'andjh_ <<d) and dz,thén  and k' are virwally identical and the geometry may be redrawn
as shown in Figore 4.10¢c.

I o= ®F

uiva]ént_ knife-edge geometry where the smallest height (in this case &,) is Subtracted from all other
Gights, SR I

Figure 4.10 Diagrams of knife-edge geometry.
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Flgure 4.12" lilustration of Fresnel zones for different knife-edge diffraction scenarios.
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Solution

‘ 8
(&) The wavelength = € ﬁlg_g = %m .
800x 10 ' N
Redraw the geometry by subtracting the height of the smallest
structure.

B= tan—i(ﬁaéf = 0.2865°

= 1 —15._) _-:‘ 1 o
¥ = tan 5000 215

¢
and . ,"
0=B+y=2434° = 00424 rag
Th'en using Equa_tiqn (4.56)

v = 0.0424 | 2% 100003650 - 424 - _
V.= 00424 (173) (0000 + 2000) o :

088, v = 0. The obstruction height h may be

S 20 km . Z2km
It foltows that -f_ _ =5 s h-416 m.
- 2000 = T2005"

47.3 Mmﬁble'knife-edge,niﬁract_ion

In many practicat situations, especi
h , _
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Figure 4.24 Correction factor, Garea for different types of terrain {from [Okuss] © |IEEE].

Okumura’s model is wholly based on measured data and does not provide any analytical
explanation, For many situations, extrapolations of the derived curves can be made to obtain val-
ues outside the measurement range; although the validity of such extrapolations depends on the

‘circumstances and the smoothness of the curve in question,

()Ikumura’_s:modcl_iS'co_nsidéred to be among the simplest and best in terms of accuracy in
path loss pr_edicﬁo‘n‘fpr mature celiular and land mobile radio systems in cluttered environments,
It is very practical and has become a standard for system planning in modern land mobile radio
systems in Japan. The major disadvantage with the model is its slow response to rapid changes
in ten"aih; therefore the model is fairly good in urban and suburban areas, but not as good in rural
areas. Common standard deviations between predicted and measured path loss values are around

10dB to 14 dB.

Example 4.10 , S

Find -the median path loss using Okumura’s model for g = 50 km, h, =
100 m, f1,, = 10 m i a suburban environment. If the base station transmit-
ter radiates an EIRP of 1 kW at a carrier frequency of 900 MHz, find the

Pwer at the receiver (assume a unity gain receiving antenna).
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'C'hapter 4 = Mobile Radio Propagation: Large-Scale Path Loss

space loss or the plane earth loss, whichever is larger,
For three diffraction edges, the outer dif'ffac_:tic;n edges must contain a single diffraction

f a three edge caleulation,

This method is very attractive because it can read in adigital elevation map and perform a
site-specific propagation computation on the elevation datd, It can produce a signai strength con-
tour that has been reported to be good within a few dB. The disadvantages are that it cannot ade-
quately predict propagation effects due to foliage, buildings, other man-made structures, and it
does not account for multipath propagation other than ground refle¢tion, so additiona) loss fac-
tors are often included. Propagation prediction algorithms which use terrain information are typ-
ically used for the design of modern wireless systems. '

{ 4.10.3 Okumura Mode

Okumura’s model is one of the most widely used models for signal prediciion in urban areas,
This model is applicable for frequencies in the range 150 MHz to 1920 MHz (although it is typ-
ically extrapolated up to 3000 MHz) and distances of 1 km to 100 km. It can be used for base
station antenna heights ranging from 30 m to' 1000 m, - N

Okumura developed a set of curves giving the median attenuation relative to free space
(A, in an urban area over a quasi-smooth terrain with 4 base station effective antenna height
(hy,) of 200 m and a mobile antenna height (%,,) of 3 m. These curves were developed from
extensive measurements using vertical omnidirectional antefinas at both the base and mobile,
and are plotted as a fnction of frequency in the range 100 MHz to 1920 MHz and as a function
of distance from the base station in the range 1 ke to 100 km, To determine path loss asing Oku-
mura’s model, the free space path loss between the points of inter_est_ is first determinéd, andthen
the value of A, (f, d) (as read from the cirves) is added to it along with correction factors io

account for the type of terrain. The model can be expressed as

Lsp(dB) = Ly + Arnutﬁ d) - G(h,,) '—.G..(h.re} - GAREA (4.80)

where L, is the S0th percentile (i.e., median) value of propagation path loss, Ly is the free
space propagation loss, A, is the median attenuation relative o free space, G(k,,) is the base
station antenna height gain factor, G(h,,) is the mobile antenna height gain factor, and G ki
is the gain due to the type of environment Note that the antennia height gains are strictly a fune-
tion of height and have nothing to do with antenna patterns. '

o




Hate Model @W@‘éﬂ“

—-émw{m@@m—%f‘i@ﬁ i%fi’ t %4 -
vt fef b fﬁkmmp%%ﬁéyw

p@mmm@f W@Zﬂ aﬁwm - Lmem {%%m}%@ ﬁ( @@ +48 33@% —

~ 4. Géf




R

n 7 7s ‘ %Z’J g‘%}ig;w Eﬂmhu’té’}




< - )
] ﬂ"%—"%f Wf?r& -0’F me}ﬁflf -0 5& th—aay Bc —

““MW = mw{ﬁé Lﬁ%s’fd%md %j’J ~m~

S vy

________ T o e ol
Phage ,{{gw@,,gg heng éymémfm —
 Lonshen eﬁ—%mw—e?wm/ﬁ% ﬁfﬂ% - %df"? s ""““"""_ :

- , Lﬁ m J @(:}_ _m__*w;
‘-w-m&#@%wfqﬁiwﬂﬂﬂi”"mﬁ:ﬁbﬁ#ﬂ W

43 Mulk Wm Uk
"“"““g*) P@Q %ﬁﬁ Z - Deppler 51”14% E@HJM"

ﬂg_ AT ‘;‘,,; )
5 ~-~5f'—&4£ d»g S mwnél#«a —ab %ii (M@W}Dﬂ g/(.‘-.__.}_
““ﬁiﬁm‘-‘“ A EW’ 555«: jﬁiﬁﬁm paref Lo

- j;@iﬁ;s.'

-~~-D& A{:-,élf |
Y

C@_ﬂsfé(ﬁzﬁ éwmawé._m ﬂ%__m Y
mﬁvngﬁ)g @L@fb__ wéﬁ& Liﬂg—a/ ’ﬁ &

(o<s (s@@{? » ;eg j

A SCunn. mw 7 u = U S SR
LI &w@w@_ —&L" &WHW M—Mﬁ” WWWWW - ) |
WWW@MA:&A% el #re maéflf — wﬁ? 7
e Y3 X A 7.

?M se change = A= 21150 ﬁﬁf
f’% W ‘ﬂz bt @i e A ﬁ |




- - N7y B
mdﬁm_A@m_.LZ#ﬂtéEm , | N

et s it

__@_g___Agpzz;ML %f—lﬁ”—@éfﬁf‘v@ﬁ ﬁ‘" ;w {2 WM@’W

L /’,i! @?ﬁ#—é g)_w

W,Qh wﬁudmng_a/t é@ 444,@@ ﬁ?iiﬁ%!@é&%{ww

_jﬁ( (<71} mﬁéa %w mﬂérff’ XS #MMWM
//fﬁ:fmﬁar%ln ’Eﬂ mmﬂ ", A :
) Ty dreitgn gjﬁ Awﬂ. @{mm{ @g T Wz;m_




U/

ﬂ/? J7ER

N -

¢ 2 v

V\I\ ¥

"'/.TL —

Z

/_ 4

T =

]

4.0

) s I
vé}\-—/

- [

‘.-dvp
A
O 1E 2

N

Al

)

LS " h nm),j

L e

L—.nt‘

— |
Wm
L) I
Ya\§
R
2
N ,wd

il -_Q(,é,ff

Al /S

ﬁlﬁ—f:fcfégél

14

fd =9

VAN

"t“/w

AN

A v A

U L.

| {0

N,

/

v

=




MMDA@L@_\E%&M%LL?P;!I@&Q

i_ﬂshg;d__lim‘%#%m 'L::S’ NS—

_M‘.ﬂggg@wr»@k;@w@igggmdg/m@%m o
. ----s@mdi@k{ﬁq@éfzf%ﬁw}mLm@MﬁMM
_Héﬂ}mdwm_migj@}—' g 2 ﬁ/l@mﬂé@%&wé@—é@%ﬂé%%@ﬁ
—wiheve @ it s cascior tganal ww)«SﬁmM/dmeQ&éw@m?
| -.Wzmmi;m&-.@m%@_m_ |
MM_$(3A%L£J4£¢@@}3‘£JZ4#

. .:M &

B T = w2l Tl L (=

Bu(8) 4 Carvipy plnseshtof the n“path

(e solipatly propugedon wiith N-didingtpaths hully

Jl mm@daﬁ@ﬁh@mﬁmgﬂ%% L .__M,L%L_{_Lth.ggmyfm,’é;@qu&“j\,/ﬁ.@f%{ _,,_s =

! inigmwa&;dimQMJQ@.—M@A&%@-MMM—»-L-I;L~“5:fjgéﬂ4w%ﬂ;rmwm§;

___presgt:s«fmjméﬂééﬁﬁ‘45"%%{?

_@ﬁ&{:ﬂ—»ﬁm‘&dﬂéﬂ_ Miiﬁf e W@_Pﬁ m_m é{;ﬁ éﬁméﬁmﬁjf f : :

elayof e wpall af (bive=t).




___________ @ &
_“m_ﬂig, mmwﬁﬁ sigual s - mf;

0&’)

V) = A-(‘z-fé ,J x )P -Wf

o H‘&“fmﬁéLﬂ LM@Q o i J@ZMM_‘ 7

AL

] Wey—.d J %@gl&_g,{_%& flﬁ‘ﬂﬂmmﬁﬁ IS H/m * :
) mgPﬁkMW@_&gm{Lm SNk wjj ey severad _

-~Memwmmmbwaw c&f%f/e»#’l Leattipns 4 g - Lgmﬁ e awﬁﬁ




Gl D

é@tﬁmf_/ rﬁd@@mgﬁpﬁr mg@ﬁwééléﬂ&éﬂ—w -
Méy_pw_‘lﬂﬂﬁh;’fjmﬁ/v Al@fm P@b ;,_5% (: } S

§ ?

== %’%—@%—ﬂmé&“ Nf?-f lﬂf{/d &1,24‘3 ﬂiéfilmﬁé{‘ ;Lﬂ__
!i){,?‘w'lvf ' _‘ n‘igff’l‘hp & Az iﬁé@ﬁg@gﬁ_@ %@L—&;{w 7
ﬁ’_d_% AE— e | C;i Sl iy ﬂﬂ'LJ £/f\rw %l’lpi{mgﬁf@w”m ......

b /»M:L i g Lo {X’%ﬁ’ bl Miisze

[ e e B N~
B L



T & V) I— 41:!‘
Ca.hfs@m/o Rm,,/lum/—m (Be) S i

j .

mMimeZmat" o Hhee vz Litio , '
' Sk __._»H@q.) #g@%

—'-meie@ﬁa: Py |- <R F&i }HW
e )
T !:;f i:n:a\r\ | P@%@! _%m#}fw"ﬂ
_@_@M&_gw@aﬁm mwﬂé—@%—é@ﬁéf%% o
—vobtich-the channelHla) i< consdoed Yl g_-m
_ﬁ,y:p_:&. &wﬂ /’avbﬁ!a‘)l"ﬂr! i -Hrm H/m” /\f
—Hhay— M&—éffi—mﬁ 4—8&5@%@‘4——@%@ mb&/ﬁq%m
T&W‘Qggfgﬁypgz\@t@ LNE ___4 i _.;,.-'.'_"' N /mﬁ ;92}«'/& ;/{,/f) fi ’ |

—Qaincoy phace Ly the chanig”

_gs_gm&mm (502 B Lol Ha, @Wé/_@@ M@%
fé%MPS -y (&S M%ﬁf%m%ﬁ%ﬁ; j Ll ., [P







t’cr freadsy Lol

_fzé_zzé&ar ﬁm@\/@g@_ﬂm{éﬁéﬁmfi@mégﬁ

< Cﬁ/ﬂ lﬁ’j i m/l\

M @Ja;l. ¥ o ,Dg?; P@éﬁj@@i{_bmm%ﬁ—)g

y gn/—f bﬁ/‘/’ﬂj Sm\ , ‘ R

el 5pe
Ly k«-%__-és—séi—< %E%<'c;‘f'é* | |
¥ Y ,_ W@M#)—gﬂd&-‘—

A ﬂr"'r?*-_? HELT
£ | ) H/la f,hqmm#j

At 5 T ey
ﬁm.

ﬁ?@ﬁ’e

Fﬂ &) mgﬁ?
st

T

plies-that buso. siguals artiviagufioa

M T ﬁ%@ﬁf‘%“@ Chaneel—_

e L MOS S—




FM)L F@aﬁ‘nq; ” LWW by Fieﬁ Safeab‘/g 5 {Lm’ . ﬁf

By < B (B Bl > By h—
;,_q,_éﬂ“/smbm SEPYPT N AR

\4 - E
)
N

&'ﬁhﬁbapfjﬁ«w_ipg J | _J )i_gw D@%g{g v < 2 V&Qm

téE Z@ ;),a_s

_“Ca’fmh.&fs@zﬂ_ﬁséfﬁcz%ﬁzmM.M}g@z%t&ii./‘ — 5,,"@..._Qﬂéiﬁb*ié,!m’\fﬁ.&:?é,}:éfgm 5 5%%@#
..mﬁAuu@?,éﬁéﬁﬁ..ﬁugigm.ﬁ;ﬁnﬂ.‘vﬂﬂikeé?gﬁfﬁ#ﬁu_-AMQ;QM %’m&ﬂ%@_ S_::“f;;zmﬂy[. L mm{{f}m i




;E'L,ﬂ /’ﬂ F‘—é‘ilf,(,.f{v! 4 KIB‘A"},;’\ > /2(,,1 /‘ “
e TN RN © :

e

e Chana] Yoy o const g@ﬁmm% L;—hméﬁ/aééﬁ—a@%«ww%—- =
Ru/ J—&m’l Lo /,,m,#z, #191 Aoy /pb’v/%sz

- SF&{#—T?E/M@@ skl 48 (2 B signal it Dbl

m»—ik\m@@gmmwﬁéwﬁﬂgwmm_m@ﬂ_& Mgy j‘%ﬁ

Wl%—w“: ”“—3@4—“‘—‘9@24—#}——5 ﬁfkmtﬁfgfef;ﬁ%%
/ m{ stodzd)- §

(477

W“ﬂ’"whé(, }-&—4‘}9’(3@%@5
SO T,&! 7 N | —
w0, N EE-

i‘:;w‘;'}“w ol ?,,,&
: o “’w’% it @
B %,{% Bt

T r

i R Céﬁmm C‘{d 7 WL ﬁifJ

c{‘};ﬁ@ ¥ ﬁiﬁd <P é{ﬂ e D ;




e mmfi%zse__af%g%%mf dly-caticn-thesyl -

: )

12@7/«-9 /—r LTof //25\ N Bl

‘7“2,_[”)( s
/ ‘%’&L[r j%

-

H@éﬁ 3 ﬁlfpfzﬂ

F V'@W S dmﬁw

(Lﬂ {t.'{f/x_
v

174
b R v -
t// ff& g;;;{ ﬂ%/ﬁ
;z;/f/ ’1 rSZfﬂ,/ ff'é;/
ol )

S
¥
é . %

‘9}"5}




ff&%“?«e 6;7 -
@Lﬁ}f@ﬁ‘%—ﬁ%ﬁhwfgﬁﬁw dopasinr

| T %fm |

VI

/n ‘/‘;1/3 Iag 4 /'//{/7O

j;mp Soven

—-——\r\_F\_V9”/“ < : o
spl e s ysee kit b SR=loy)
iy SRS e

Tl G e Selp iy Lo

VIM& pf/&//}?/l/gy {/;{ﬂ; r//?ﬁf . %—3@__3" '
e S T\ & L
. ﬂ@vf@%’/ﬂfﬂ;/@ﬂ )( (éil‘»—/ '_’7"%%/ w[rj/\;/__ \/—ﬁ\}—ﬁ}if |




:

[T

sy
G LT
-
Vg !
A S
S
o

c'.?:?
P

Ly
b’
Do

X
el
“Preu

. pDEl T

Tl )
ey

/7 gg‘s"

'

7 vl(rlm jwlvl [

Z
i
i

ya

1
mﬁw;

[ ¢
-
& Lo pe

it
| - ;O(f-é_.;:")
N

=Jat it

(L)~ 'N'/Q'[____

L4 I i e

Y
€

v

[ 24

L 4

L
h =
[ s

I

Af .
=

.\f"f{’f ST
() =

c 5-S—pme AL

&bt

~f

!-;'_,-{:

b%f;

=

[

K,L Ly 2

a“b’l

,Es(,;u-‘cf/'{,( ol

JL—%"—.&M%/@?% | . -






s /ﬂz\-—”: . vy
N
P

& "y r"'“"ﬁ :?’/ '

e, AT
3




Y Hheve escicte o | '”fﬁfﬂfﬁ—lﬁh%f@#?—;ﬂ@@%\“
S oty 4

Vo fean oA o) ;7/’7./”'
A G ~r e A




=P A 7T

Lot

L —

i

|Vl
R =
Z_ ’

a-




Sﬁf Sigma) i€ g pasviag M

o A-S:SMLMQJ:}(—-&@ gﬁ(“/_;_@m@,?fﬁn W“%%M N o L@% —
(w4 Wj:lqi-gf%{ ; J/ %/ s %W% :
 Ththe M5 enevi, o dlmt NN | EL T
—P@ﬂ*%mw é’mmefr-ééw;__m;;ﬁ i, St
jineYise Mféwp/ . \

//i/h LD5)

Jgf?ﬁ <;\

A ¢ A Wﬂ%%m%aﬁ#@gfﬁﬁ@_%?@wﬂ |

, :(H’Véﬂrf Lindeae4-,

P

fg-’/d\ g /454 gﬁ%q,ﬁ@pq_%__ct__gﬁl‘ @% (Q/}

‘.Tﬁﬂ 79 %‘c?/( EY t‘_’)m *F/;/ -)'\?,’%w _
| 3:’? = Jﬂ ﬁ@-{,@ﬂ@!’e{)gd

AL

§
i

o _




(Zoje)

MgMM%MWMWWW

F)m Y Y1) /JA/I/:;




ﬁfP(o{)G(ﬁf +P/ «) ) G(- o().]

Eﬁm/ﬁ:>

l}’V[!

s o = (E- ?)/f

et B {ZH&P-

Ao

[£) /?[/D/o( G@(+P/o{l

|- - 4447 & /

S
Glof
%7

-

-_1_(‘43"'—& Py

£
) [~ 4
; L}
. ) ¥

] @ﬁm/ ’A/éf mﬁmﬁ /9/@// _,/,

'/ P/o()

I/77r

o Lol L2 ﬂamfém ,;{}Agé) o

43,5'#)

f’ff/w 2 /| yl S x[/?TT

_ -fw Ji./_ﬁ £ /P2

?“WMW

7 ?T %[W/Mﬁg ;

7 ,EU,E

T"" ,,u»,,w"—\c/_‘%a/

. e ,‘J,{-&,};ﬁﬁcﬁg\
~om Ty o A DI



€oRRfF "o

mc@

| ‘. Gaussian
"I Noise Source|.

sin 2mtf

B L I T T P R i

A

= .
m Noise Source
=ht -
m.. Bageband
M . Gaussian

Noise Source

sin 2nft

(b)

Figure §.
{b) baseband Doppler filter.

ith ,ooSme Eﬁm:_“m in the positive frequency band. The Em_x__u.ﬂ___..ﬂ

.

t
1
1
]
t
1
]
1
1
1
L)
]
[
]
+
1
]
]
1
1
]
fl

)

]
1
'
1
]
1
1
1
[]
1
1
1
1
1
)
]
t
'
t
1
i
fl

22 -Simulator using hcma_.mE_.m amplitude Bonc_mﬁ_oz with (a) RF Doppler ﬁ_:m_..m:n‘

Baseband
Doppler
Filter

: | | Basekand
Gaussian [~ Doppler

,‘Z&_mm Source Filter

o gin 2ft

[4

el T

(b)

s ncmn_.mEqm amplitude medulation with

3..-Simulator _=m_=
smmm_umza._uovv_m_. filter.

{a)




o - /undeitest

| Wave 1/Af.

3, Generate complex Gaussiah randorm variables for each-of the N/2 positive freqii
oo.E@oaoEm.o». thie noise source.. R R

4. Construct the niegative frequency components of the noise source by conjugating
frequericy values and assigning these at negative frequency;values

5. Multiply the in-phase and quadrature noise sours _
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Chapter 6 + Modulation Techniques tor Mobile Radio

"The power spectral deﬁ'_sity "(PSD) of the complex__enveiope can be shown to be -

PE Bpsk('f) ZEb(SI;If;fTbJ B . (6 70) '

B
The PSD for the BPSK s1gna1 at RF can be evaluated by translating the baseband spectrum '
to the carrier frequency using the relatxon given in Equatmn (6 41).

Hence, the PSD of a BPSK signal at RF is g1ve_n by .

Gamas

PBPSK(f) [(sihn&—f)TbJ (smn‘(—f—f)Tbj] | | (6%1)

n(f f)Tb n( =f f)Tb

The PSD of the BPSK sxgnal for both rectangular and ra1sed cosme rolloff puIse shapes is plot-
ted in Figure 6.22. The. null-to-mill bandwxdth i _:_found o be ‘equal to twice the bit rate.
(BW =2R, =2/T, b)- From the pIot it can also be show_f » of the BPSK signal energy

is contained within a bandwidth approx1mate1 equal to 1 6R;

the energy is w1th1n

F

rectangulér pulses -

w1th € =10.5 raised
cosing ﬁltenng

Normalized PSD (dB)

70 -~ _ —
f;'st f;-‘sz. Ji"Rb f;_ f::'-‘-Rb . ﬁ:+2Rb f;+3Rb

Figure 6.22 Power spectral density (PSD) of a BPSK signal.
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obtain the DPSK signal. At the receiver, the original sequence is recovered from the demodu-
lated differentially encoded signal through a complemt_antary process, as shown in Figure 6.25,
While DPSK signaling has the advantage of reduced receiver complexity, its energy effi-

ciency is inferior to that of coherent PSK by about 3 dB. The average probability of error for -
DPSK in additive white Gaussian noise is given by

1 E,
P, opsg = EEXP(_A_Q;)

Inputdata |  Logic e} product DPSK
—_— » .
i} Circuit } Modulator signal

cos{Znf ct)_

Figure 6.24 Block diagram of a DPSK transmitter,

\DPSK Ba pasé ..'_ Loglt '
iznal ilte " eircuit e
eV pciy
XN l\/
(-

ngure 6.25 Block. dlagram of DPSK-receiver.

mﬂw @mﬁm g;@




683 Quadrature Phase Shift Keying (QPSK)

Quadrature phase shift keying (QPSK) has twic_é the bandwidth efﬁciencjf of BPSK, since two
bits are transmitted in a single modulation symbol. The phase of the carrier takes on one of four
equally spaced values, such as 0, /2, , and 3m/2; where ¢ach value of phase corresponds to g

M’“.—‘“——_m.wmn -

——-“fcos[ZRJQH(i—I)IEJ 0SIST, i=1,2324 "
T, | T , |

unique pair of message bits. The QPSK signal for this set of symbol states may be defined as

.

B N

where T, is the symbol duration and is equal to twice the bit period.

Using t_rigohbmetric identities, the abové'equations can be rewritten for the interval

0<t<7T, as S

Sopax®) = [F¥o0s| (i~ 1) Jeos anfr)

£

- g-sm[(z~ 1%‘] s’i_ﬁ(znf_c_r)_ A

5

TSl

If basis functions ¢,(r) = .'/2/T;T'cds(_:2icjfct), ,q)z_(z)' = W2/Tsin(2nf1) are defined
over the interval 0 < 1% , for the QPSK signal set,"then the four signals in the set can be
expressed in_,t_m:ml"_mﬁ_ofihe»basissjignﬂs as e T ———

e

sqpsi(®) = @cos[(iQ1)32-‘](1)1(:)—'«/Esiﬁ[(zgl_)’z—‘}p-,__(z) i=1234 (@

S— e T S .
PENE A

stellation diagram with. four points as shown in Figure 6.26(2). It should be noted that different
QPSK signal sets can be-derived by simply rotating the constellation, As an example, Figure 6.26(b).
shows another QPSK signal set where the phase values are 74, 34, 3n/4, and 74, a
From the cons_tellétion diagram of a QPSK '_sig'hal,'it' can be seen that the distance between

adjacent points in the constellation is JE. . Siri_(:_n_a}cal:éh_'symbb_l_correspond_s to two bits, then
E, = 2E,, thus the distance between two neighbpr';'pg'_ points in'the QPSK constellation is 'é;qual '
02 JE_b - Substituting this in Equation (6.62), the average probabilg't_y 0 -i't errorfin the additive
white Gaussian noise (AWGN) channel is obtained as - T

A striking result is t'hat'_thé bit error prpbabﬂ_i__ty'.:df QPSK is identical to BPSK, but twice as .
much data can be sent i the same bandwidth, -',_[‘]_ius whé Qﬁmpared to BPSK, QPSK provides
twice the spectral efficiency with exactly ﬂ_lé same energy efficiency. -

Similar to BPSK, QPSK can also be'differenﬁél_ly e:r:icb:de'd to allow noncoherent détection.

Chapter 6 ». Modulation Techniques for Mobite Radlo

‘ 7.8) :

Based on this representation, 2 QPSK signal can be depicted using a two-dimensional cop- .
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Normalized PSD (dB)

Tnput Data
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Figtire 6.28

Figure 6.27 Power spectral density of a QPSK signal. ‘
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APPENDIX B [

GAUSSIAN PULSE-SHAPING FILTER

~ The Gaussian low-pass filter has a transfer function given by
H(f) = exp (- &’f?) (B.1)

The parameter « is related to B, the 3-dB bandwidth of the baseband Gaussian
shaping filter. It is ‘commonly expressed in terms of a normalized 3-dB.

bandw1dth—symbol time product (BT,): | _ S

: _tranccupancy of the Gauss1an filter decreases and the impulse Z”) [/ . 7 '
ed IS] at the receiver. The
e

1pulse T f the Gaussian filter in the continuots-fime domain is given by
NED Y

h(r) =Y exp [— (— r) } (B.3)
@ a

which could easily be rearranged (Eq. B.4) to reveal its fit with the canonical form of a
zero-mean Gaussian random variable with standard deviation o, = « /ﬁw: S S—

» 1 £ - ' :
h(t) =meXp[_ 2(a/«/§77)2J BH —

Its integral from —oo to o0 is, of course, 1.

All-Digital Frequency Synthesizer in Deep -Submicron CMOS, by Robert Bogdan Staszewskl and

Poras T. Balsara
‘Copyright © 2006 John Wiley & Sons, Inc.
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dlscrete—tlme Jomain o Let o=
1 duration an — I, K beingd

onse pecomes

ssian filter o the
mple of the symbol
{ime impulse 1espo

L
T, /g’;}_‘gs now express the Gav
the s be an integer oversant
mple index. The discrete

h(kto) = —“g—r expi_— (-E kto)rE

Subst'l
tuti :
ting Bq. B2 and droppmg explicit dependence 01 to results in

N2 BT :
ik ,_____—i
K} = 7= (2 7 epr’ ( =5 Bl s=<n OSR)\ (B.6)

hmax

B.5)

The § L
rst factor in Bq. B.6is the peak of the impuls® frequency response:

B = - ﬁ _ i B ®B7
afln (2 Ts
For
B
For G‘é‘ﬁmmﬁ with BT5 =03 d T, = L, e OO oy = 1305 MHZ.
, with BTs = 03 and Ts = 3- 692 s, We obtain Amax = 244.62 KHZ.
fFcient to OPEE on the cumila-

For reasons described in Chapter 5, it ]

Hve o
ve coefficients
-
(B.3)

ci =B
1=0

W .
hich could be precalculated and stored 10 2
dex. The minimam value

SSR _ 1 being the it
nd the maximum value 18 approxinat tely 1, $0C

unity.
. Figure B.1 shows the 0P
ﬁeli:;ee?g T§tep and symbol delayed step 1essponses
o 8. (. .= 0.5) with ‘2 length. of three Sy™ mbols. each symbol overs
Simﬂaﬂy, Fig. B2 shows the inpulse, P an
0.3) with aleng th of four sym mbols, each symb
1S than in the cas® 0

GMSK filter (BT; =
by 8. It reveals much more mtersymbol interference
BLUETOOTH.
Figures B3 and B. 4 show the frequency
ing flter length

GSM filters with vary
length of three symbols is complcte

1ook-0p table, W with
of Clkl s @ pprommately 7210
e the integral © is

ulse Akl steP C[k] d di-bit fesponses d
BLUETOOTH GFSK
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GFS‘K filter T-O 50, ). SR_B len=32, offset—20 5)

3 15

g + impulse h(t)

a. ~s stap h{t/OSR

o -+ delayed step [h({—=T)/OSR

Qo |~ dibit pft) response

= : : ,
a : e
= :

S 5 _
35 Tl i i L s -
- :

s :

s ; —
n : o
4p] :

e} -

= :

= s

o 0.5 R TR P S A AP TTPTITN T A Frineeesed _
1] : N

o :

7] :

= |

® :

R :

g‘ 0 -ty S —
= 0 5 10 15 20 25 30 35 4 -

| sample number 3
Figure B.1 Time response of a BLUEBTOOTH GFSK filter of "four-symbol length ;
(BT, = 0.3, OSR = 8).

8 1

c ' : : : ' ' fm a .

4 T Ay Ist:;ulllf(z)?g)sra S :
8 0.9 RO Lo D g ) - P w4 defayed step Jn(t-TYOSAH 3 .
P : C : —+ dibit p({} response ! -
§: 0.8F. e .............. / ...... ............. \ﬁjb H’ﬁ}/ _ ﬁ 3
L 07k e . H
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g 0.6 F oo foecdeee e X N B
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v 05
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£ 0.4

£
_E, 0.3 it b N o
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=
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sample number

Figure B.2 Time response of a GSM GMSK filter of four-symbol length
(BT; =0.3,08R = §).
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0 GFSK filter (BT=0.50, OSR=8, len, =24, len,=32, len,=40}

T
— 3symbols

e 4 gymbols
— & symbols [

0] N

-60L ... ............ ............ ........... R e ]

2] SNSRI NN SR L S NS SUR S .

100k . ........... ............ ............ ........... ............ RN

Impulse response |H(w)| [dB]

420 o N —
A0 b e N :

. o] ............ ............ ............. SRR SR s N iy

-180 . S ; .
0 0.5 1 1.5 2 25 38 3.5

frequency [1/T unitg]

Figui-e B.3 Frequency response of a BLUETOOTH GFSK filter for filter lengths of three,
four, and five symbols (BT; = 0.5, OSR = 8).

modulated outpﬁt spectrum and sufficient attenuation of frequency components in
adjacent channels. However, due to the higher amount of ISI and much tougher
requirements for the modulated output spectrum, the GSM-standard filter would

require a filter length of at least four symbols.

GMSK fitter (BT=0.30, OSR=8, len, =24, len, =32, len =40)

T
=3 symhbols
e 4 gYbOlS
— 5 symbols i

T, ................. ...... \

-100r-

Impulse response |H(m)| [dB]

faYalava —
Ry, ] EH i -

i

~190 05 1 15 2 25
frequency {1/T units]
Figure B.4 Frequency response of 2 GSM GMSK filter for filter lengths of three, four, and
five symbols (BT, = 0.3, OSR = 8).
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GFSK filtet (BT—U 30, h=0.50, OSR=06, M=5, lenx——EuOOO) (17—Mar-2004 16:18:37)

_agh e e ) e :

~100 o408 08 514 18 1% 2
Oﬁset frequency Th ueny=480384 nift—524288 nwm—’1024)

GFSK fitter (87=0.30, f=0.50, QSR=96, M=5, lerw=5000) (17—Mar—2004 19.18:37)

osp of te! 4 {98}

..-.,-r.....;.."-...-..41..-.;,.- ...........................

100552 04 55 0B . . 2
Offset fraquency T (len=480334, nfft=524283, nwin=1 024)
i
igure BS Baseband (top) and (bottom) specira of GMSK flter output with

Pseudorandom it nput (frve-symbol et gth 7,=03,05R = =96).

Figure B3 shows the spectrum of the pascband GMSK filter output FCW and RF

port R’} with pseudorandom input data, in which

AfIKL =chm_2f§; B.9)

and

oik = OSRZAﬂk] (B.10)
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Apter 4 Receiver Technigues for Fading Dispersive ct

134 SN

channel as long as the phase distortion does not change much over
impilar to 7/4-DQPSK giscussed in Section 3.3). There
BPSK with selective diversity and coherent B
Figures 4.6 and %

inroducad BV he fading
duration of & skFEb intervals (s
practice. e peTioTERnTE difference between D
with matimat e bombining may not be as significant &

1 ’ .. g':s ﬁV\'BC“;!Q\

f a wiveless communications system at baseband,
coding for simplicity. At the transmitter, the modulator maps the info
{%,) inthe N _dimensional signal space (as discussed in Sectif
- 1 heme used. For convenience, We can model the transmmit

;eh-an input signal ¥(1) = T o Wbl #T) such that the filter 0
of the signal actually transmitted, where T is the symbol interva
] discussed in Chapter 2, @ typical wireless channel introduces both-
delay dispersion to the transmitted signal, in addition to additive white Ga
pi 3, we know that the optimum receiver for an AWGN channel is a ™
Rlter TeCeIvEL. consisting of a demodulator (a bank of matched filters) and a decision @
The ':w’ciaﬂ%-éeﬁce makes the decision at the end of each symbol interval according
; Lelihood decision rule. '
ter filter, channel, and

5 that shown in

Consider the eguivalent representation o

chanmel eSO

an be viewed as an eff
) denote the impulse TeS
nel, sampled at the end o

fran receiver filter together ¢
e input signal X(1), 88 shown in Figure 49. Let ¢(f

“hannel. Then the output 7(r) of the effective chan
wirval, + = nT, can be represented as

[2(e) * ¢(t) + A e=nT

o0

Z 78(c —IT) | c@) + i)

J==—-00

FU)*!:HT =

t=nT

S* Gl —17) A

[=—c0

ll

t=nT

o8]

= Y. keI —ID) +a0T).

f=—00

Receiver
filter

Physical
channel

Transmitter
filter




EAMNEL EQUALIZATION

22 filtered Gaussian noise vector due to the additive white Ganssian noise compo-
2 by the physical channel. In discrete-time sequence representation with T* as the

o0
Fn = Z /‘_C'[Cn—f "i‘ﬁn =-i:n * Cp +ﬁ;1, . (431)

[=—co
.¢cp =c(al), and ity = H(nT), EC,{ (4.3.1) can be rewritlen as r(WJ «(Vy :’é b ,

Pp = CO‘IM + Z XpCpt + Ay (4.3.2)

—00,{#n

& the desired signal component (mOdlﬁCd by the channel gain co) which contains
&= nth transmitted symbol. As each entity in the effective channel can introduce
w0 the input signal, c,_; at n % [ may not be zero. As a result, the second term
51 component due to other transmitied symbols, and the last ferm is the noise

fme 151 component- ‘makes it much more likely for the dec;snon dev1ce in the receiver

& error, as compared to the case without ISI.

w1 that, to minimize the probability of transmission error, the optimuin receiver

s 2fTOT Sense) consists of a matched filter, an equalizer, and a maximum likelihood

. The maiched filter is matched to the transmitter filter and the physical channel

ther words, it is matched to the received signal waveforms and, therefore, is able
received signal energy. The equalizer is a transversal filter, and is needed to
tersymbol interference as the matched ﬂlter mtroduces further fime: dxspersmn :

dj. .

mzt simplicity, in the following, we assume that the transmitted signal can be

= one-dimensional signal space. As a result, the vector represcntanons such as %,, .

T >1mpl1ﬁed to the correspondmg real-valued scalar representations. :

ect of IST on Transnussmn Accuracy S
ssion systern using BPSK, the matched filter receiver demgned for an AWGN

The physical channel introduces an additive Gaussian noise of zero mean and
3..In addition, it introduces 1SI. At the end of the sth symbol mterva the

@dulatw is e +05x,H1 . f{}d ‘__% K‘@’?ﬁ (9:S Q[ [M ,_,/

sred signal component x, = /Ep if symbol “1" ‘was sent and x, = —/Ep if
s sent, £y, is the transmitted signal symbol energy, and the noise component n,,
sedom variable with zero mean and variance No/2. Determine the probabitity of

ar ISI, from Subsection 3.5.1, the probability of transmission error is

2Ep

Pp=0 Vo




$ISLBLIBP, W

"I0UBUIIOLI3d

AT 1] t@q 1I34 |

—”hnn—uu nnﬁow_lﬂouov& + ﬁ

(Ioquis 1ua1mo ‘joquuLs snotaa1d) 4 (JoquiAs juaiins 488@.@:038&8&8& N

sjoquids Apaxr 4]

sus124 ndino 1o1B[Npowep 2y ur syusuodwon o
PONIWISURD JUalInd sy} pue snoiraid oy )

T e R Ve P

0= :+ \,memul,ww “u -+ 49 \,mTI
é& A@(11a]A24 ¢
:Ouu 4L uu_cﬁOvﬁ'ﬂuv& Ll ﬁnn.ﬁ: nnouo

/N

N

19T

[enbs pue [suueyo NDMY U® 10] (12 8

m tmt:oma Y} se mommmuocﬂ 1omod
ST 24} awo0o1340) 01 Jomod panrwsuer 3y uyy mc ¢t

:oam_Em:mb Y1 sopeidop bﬁm? ST
pue qim On /97 30 uonoung v se 10112 UOoISsSTWISURY

S0

ST IOLI9 Jo Annqeqoad m% ‘.0,. bue
Sumeos Eomwo.ﬁu UOISIOAP A1 {IIpA
'SjoquIAs panuisuzn s &
SSI0U-uoU U1 SI8TY ['f Q[qE], "dwres oy} are sjoquuiss
0U 10 1eyaym - uo spuadap IST o 109H2 AU IST GIim

mE wuaowno 3.&20 oa 185 ICIST EOES,
30 seninqeqoid oy sjord g1y 2mnSrg

AG (P4 A)F pT
-MO.HHDVGN I_... hrnouu :Ou.__.uObDvﬁ&H

KCTAIS dg ™ L

G/e0- hCTAR 0, oI

99 /M0 gqn R 0.
” I/~ g/ O 0.

IST yum/ ! IST Inoym I joquids | joq m/
INAM0 Joe[npoacg _ :a..h:.o Lolenpoag m.:_E._EU Sno

[ERE

TRy

Saing

I

— i
S

1
v_

-

“Qﬁ&




Saction 4.3 CHANNEL EQUALIZATION

107! : . e |
— = without ISI
—— with ISI

E,INo (dB)

Figure 4.10 Comparison of the transmission accuracy with and wi{h_out 5sl.

i+ ND) | Delay Delay 3(1) | Delay | Delay ] (¢ - NT)
T T T. . T

b{1}.

Figure 411 The tapped-delay-fine linear equalizer.

The transfer function of the equalizer in the 2 domain is given by

N .
Bly= Y. bz
=M

system, where the effective channel and the equalizer are

Figure 4.12 shows the equalized
~" denote the z transform of the discrete time

" connected in tandem, Let R(z) = 3 pe_oonZ




annels

When
Is, the

>ondi-
alizer
stem.
linear
1 ondy

4.3.9}

3.10)

on of

5 {bn}

3.11)

which
finite
neral,
1asa
1ENCY
nitted
ed by

Section 4.3 CHANN'EL'EQUAL_IZ'ATIION

the (effective} channel such that the equahzed systern has a constant transfer functxon in the

frequency region.

Example 4.6 Zero-Forcing Linear Equallzer with” Inﬁmte Taps

For the communication system in Examp]e 4.5, demgn 4 linear equalizer to combat ISI and .

determine the probability of transmission’ error w1th the channel equahzanon

- Solution The effectivé channel has an . lIIllelSC response (m the absence of addltlve nmse)

given by
c(r} = S(I) +0 55(t -~ T)

The channel transfer function is then : m o j [!4 _j;_ ?( ((4 J *f—’ﬁ)(b QS [(4

k_ﬂoo

C(z) Z CkZ _'-"1+05z“'I H[ :

_1+052“1 : o
1=05z71 05272 +( 05z-')" e 10527 <

~ The equalization funcnon can be 1mp]ememed by a tapped delay hne lmear filter w:th a iarge _

number of taps (to approx:mate the mhmte number of tap )

: r:he same instant is

Since 1, IS a zero-mean Gaussmn random var:able w1th vanance ND/Z and is mdependent from
-sample to sample, v, is also Gaussian with zero miean and var1ance equal to .

Figure 4.15 shows the BER performance W1th and w1thout the equahzer The BER curve for the
AWGN channel without ISI 13 also plotted for compa_pson._ I_t__is_.clear_ ;_hat equalization improves

ymbol mterval at the effectwe -
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s Communications

faximum-likelihood sequence estimation — Viterbi detector

izer strictures considered up to now influence the decision about which symibo! Has
smitted. For MLSE, on the other hand, we try to determine the sequence of symbols
most likely been transmitted. This situation shows strong similarities to the decoding of
onal codss. Asa matter of fact, transmission through a delay-dispersive channel can be
as convolutional encoding with a code rate R, =1 /1. MLSE estimators give the best

nce of all equalizers. .
mber thatthe output signal of the time-discrete channel can be written as:

L
U= Zﬁ,c,-_“ +x; . (1637)
n=0 .

is Gaussiar white noise with variance 2. For a sequence of M received values, the joint
ity densityfunction of the vector of received signals u (conditioned on the data vector ¢

ulse response vedtor £} is:*
2

. 1 , . |
_——W Z U — Z.ﬁzci—n (1638J

(271'0' % =0

PAfCule; f) =

LSE of ¢ (for a given 1) are the values of the vectors that maximize the joint probability
function (pif) pdfnje, f). As the variables only occur in the exponent, it is sufficient to

N

.. 2 ,
Z i — Zf,',c,;,, {16.39)

=1 =0

tand in the fo Uiving, we assume that all transmit symbols are equally likely, such that MLSE and
-a-pasteroricstimation are identical. :







“Communications

Companson of equallzer structures

onomy of equahzer structures When selecting an eqw‘hza :
cal system, we have to conSJder the followmg cr1ter1a. o :

e 16.10 shows a tax

-Mzmmrzanon of rhe BER here MLSE is superlm to all othier structures. DF& dzoagh
worse than MLSE estimators, are better than linear equahzers The guaniitzaiive d_iieieace

es (middis
: ures depends on the channel 1mpulse 1esponse

wetween the struct




