An nbeduchion > Wirelees Gmmapizdon Systems

_Mebile Stdon - a sthadson i e cellyar el
service  imendpd P ve while in medion  at-
mspecified loations .

_Bage Station . a fixed abion in a mobile yadio
syskem wsed for yadio ommunicatn with mebile
stafions . Pase stations arc located) at- 4y conter
or on Hu eAy_ of & vernge ana and. copsist
of radio chapnels and tansmiler and yeaiver aremas
mvnted on a fpwer.

[lont@l Chanpel: o yadip chanml ased b cntd] purpeses
sudy a5 cal| Jde, | vequest, or all imitiation
and  others .

Sorwerd Channel: « vadio channel| vsed foc bansmission
fom He base slafion b M mobile sjetion.



Retw Channed : 2 yadiv channel vsed b fransmissson
o Hu. mebile sjabon o e bose station.
[Subscriber - o user who pays subscrighion  charges for
£i49 o mobile  Gmminiahon  syshem .

_ranscejier . a duvize capoble of 5imuo.{7lﬁnaouslj
{—ransm}%h‘@ and receiving mdio sgnals .

[SimplexX Sgkems :  ommunicatton syshoms which. proviels
Onlj LY Commanication (9. Prginey Syebems)

— Full Duplex Sl :  communization sistus whivh. allou
simulfancoys Puo-wayy communicafion. Transmission and

( cwfhm 5 on dwo dillwent channele (FDD)or a{urmj
adjdcent tine shls on asinge chamel  (TDD) .

I Walf Duplex Syshims. communization suskoras whivh. alle
buo-way communication by vsiney e same radis chamel
for beth tronmsmision and (ecepton, However; od-any #ine



He vser can either bapsmit or recive ( eq. Push 3> Ta)) .

Pandeff - e process of mnﬁfem‘@ @ mobilt  safeen
lom on chamel B ansthar  or Hom op buse.
smhon. Jo  anothw.

_Reoamer: 4 pehill b which operaites jn

a servie ot oty than that fom wheh iF
has subsceibed b

_ Mobile Sw,‘ylchf@. pler - in o glllor  radis Sjﬁtltm /
iV onnecks Mo cdlular buse Sofons and the mobil
stafions b e PSTN (publec switched Telsphon
Nefwork) . MSC 16 smabisas called MT30 : Ushile
Tdﬂf}m’w— Sws ILCAJ@ Dl

_ FDD (Ffequw? Ditsion Dy r@) paoides Faso
adio tungmisoion chanls one B e sobscriber
wd Yo ofhae of Hhe base slafin So they may



ot and receive signals 2t o sme e
M e base sdahivn / S@Fam}& bamsmit and ycoe
anternnas  gye vsed 4o ymuia& Ho. fwo Sc'/]Dara/‘Q
Channls . b Hix subscriber it ) & singli andma
i vsed fr boll )raunSrnh%“ﬁ and /Lcu‘z/f/'? Hu
Signals 4y and from He bas stabon . Whil

2 dvicc  @lled a p[a]oﬁute/ & used in e
subscribey ot b bl Hu g of ont andenna
75( ﬁvaWV& Hansmission ;ma[ fecga}?brl.
The chmdd  fr hodlie  bomn M base shitis 4 Hee
mle vser s e foruerel chamel | hile
change) b ol fom Moo mobile vsey o Hoo
bast. 5}@}{5;4 5 Al yederse quwl FDD i3
vsed orly i arwz/ﬁ mobily rade Seyshems.



_TOD ( Time Diyjjsion Du]ulocy) wes a sju5l
adio dumel  Gom Ha Jus shden o mebik
st and bom Ha mabile vser 4o W bast dnfan
by _sium’@ e Fme . TDPD i¢ only féﬁﬁw 7a
oéf'ga}'zt( ma&&»lﬁb}fbr\ i small ara wireless
sgins fo enswe bw  radip prepgaten

fome objaj



Cellular l/dLFhom Sys}ane ‘|

MSC PSTN

(ommunicodion  edoeen. o base shation and

a mobil e 1 Ao fud A/ Spe cilved fonr

Ailloent  channdls -

. FVC ( Foward Yore Channi) - ved bor win.
Manemizsion. from e bay  shidon to et nobiles.
2-RVC (Roverse. Vo Channd) : psed for i
hansnision Hom Mo mobils fo fae base stakion



3. Fcc( Bavad Conkol Chunnsl)

i. ]?,(L(}ZZ\/W (onho] C/wnm()

_ Bt Fal g RCC  ure ,nLuP chonpels
wecl in initiatie clls and mopis calls
to Mused  pore chanrels ﬂuﬂ art. yoniloed

@ MobIlLs  when ﬁuﬂ do wot have a @l
?)’097’695



Receives call from
PSTN. Sends the

Verifies that the
mobile has a valid

Requests BS to
move mobile to

Connects the
mobile with the

MSC requested MIN to MIN, ESN pair. unused voice calling party on
all base stations. channel pair. the PSTN.
FCC Transmits page Transmits data
(MIN) for message for mobile
specified user. to move to specific
voice channel.
RCC Receives MIN,
Base ESN, Station Class
2 Mark and passes to
tation
Statio MSC.
FVC Begin voice
transmission.
RVC Begin voice
reception.
FCC Receives page and Receives data
matches the MIN messages (o move
with its own MIN. to specified voice
channel.
RCC Acknowledges
receipt of MIN and
Mobile sends ESN and
Station Class Mark
FVC Begin voice
reception.
RVC Begin voice
transmission.
time —

Dja7mm Show!

7 mob}(l/ 15

-MIN :
_LsN elochonic  Serind  number

maile  idwdilaton nomber

a

[Yom a hwUI/bL fo




Receives call initiation J Instructs FCC of Connects the mobile
request from base originating base station with the called party on
MSC station and verifies that § to move mobile to a pair| the PSTN.
the mobile has a valid | of voice channels.
MIN, ESN pair.
FCC Page for called mobile,
instructing the mobile to
move to voice channel.
RCC | Receives call initiation
Base request and MIN, ESN,
Station Station Class Mark.
FvC Begin voice
transmission.
RVC Begin voice
reception.
FCC Receives page and
matches the MIN with
its own MIN. Receives
instruction to move to
voice channel.
RCC | Sends a call initiation
Mobile request along with
subscribe MIN and
number of called party.
FVC Begin voice
reception.
RVC Begin voice
transmission.
time —
-
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e Clldar (oncept

~The (eafly mobile yadio syskems  vsed a siagle hish
poereed anfenna maounked on o 4ol fewer F orovds
o lare Coverage  areoL

- Thelcalllar concpd is 1 rylace & sigle high
poyered andenna (lamt @) uidn many low pouer
alemres (small @lls) Yo preudt covernge fo

a smol podion of i \amer sexvice aren .

_ Each bage shabon i@ allocated a pordion of M el
umber o chomels  anlable o Hee entire syshem .

_ Nu‘jhbori@ base shdions are assignd  dblerydt
grovps o chamels so that She rderlerenc befueen
basc shations and mabile vsers s minimized.

_ Ae more duntds are needed for new osers
H number of bast  skdions may be incranse)



al Y w A a’,e.deaéfay H hansmitter power
o avod jplarterence ( smaller colls) reSuIH@ n
addidional i “‘}’“"{b W 1o additis nal
vado spechim -
- Fach c\ular buse stabon covers a 9@9:@70}“2-
area called a @l . T achnal covermnsye
ofa cll & called Hu foctprink
_ o o an endive yegion without overley
and. with ¢qual aren, we an vsc squares | equal-
oesa brranefus , or hmaaﬁms‘ Tor a given
Aidance behoeen the cender b ene of Hasc
shapes and ity factiresr pmekr poinks | Phe
hexadon has Aha !a/?(_;l wer, - 5o Fewer noraber of
[ftwyn s an cown” a yeson CamFaﬂ-O( -+
e sther sm?c,@



_.?affwy Veuge :
This Fij\m, ilushodes Hu ceNular

Ccvw-fi]‘ cF gvequwuﬂ revse. . Calls
Wil M s leller  use e

Sane ek of frepancy - A el cluster i anklined
in bl ling | and rz.?lf@l@l over ThL coverngr  area
L this &Xg_wﬂ)uf we hove a cusker size M= Z
The clnster & vepliakd M =3 tines .

g W‘j use. fader s given by L =L
here, since each all within a clusker o assgned
;o Fhe folol available chanmds in Heo syshou.
So, for advtal of S dgix dunmls awmibble

in a ddier s, eadn cofl 1z allocate
a grevp of K clhannds (k<S).

Yor N ceﬂs/ S channdds are 0{(’:}1'0(20[ ni



onigue and  disjent channe qowps  Which
hane  Yhi Sanc nombe of chanmls/ o Fu bl
nombe S = KN
T Hw cluskr i r@yl'«m}t&/ M Sies withia e
ésﬁ\ert ) A Joda) - pomber of duplex channek, C
fhat an be yzed , wWieh 75 used as a
messutt ok apudy  C= NS = M .
— dince. e hexasn has six peighbors , to
(o an ara oYt (Zm/mﬁ 5ps , Hre numdr
oF Jor clusker | T2 He dusher Stae, V)
Lan. bhtﬂ howe  valus ot Sh'{'féfy

V= ey

whye aW}J ace non-nz@:c/v‘uu 57)4%”5.



_ T eells Hhat veuse
P same channds ape
calleol 2o channel cells,
have. e calls wiHy +Hae
lether A use. Hh sama
chennels T Find e nearest o -daanny
Lol gl/\loors of a paghatlar <l :

frst move ( clls a.(onj ary chain cs]( }M,Xajon%
%ﬂl\ *h»ﬂ/\ 6’5 Louv»W - dod/-ul{gc anpl mmle—j ael[s.

T ilhehaton above & fr =3 and Y=2 ]
N_—; 1'7’-\/3:) _\,:)‘L—; 3?’-(’ (;)él) + Z-L = )‘f



EKCW\}?UL Tor a izurﬁcuulan/ FDD cellnlor
Sf\'w\, il ablal &£ 233 MHe of bandwid#
s allpcated  and ysee o 25 Kl simplas,
charndds 12 poyide Gl duplax wice £ comr2)
hapmls . T ) Mz of He allocated spechiom
s dedicated {5 onhel  channels , (ompwﬁc.
Pu ombe o channods  available pr el if
7 53% Usts -

() 4 ellrevse , (2) 7 all rese 2 12all yeuse
S\wdion @ BW = 33U 2

full )u?lu channd BW : 25¥tz (2) - Kit=

/‘“D‘{'ZL] ‘an.l\ Juy\z_x C_L\.amuls : _%%X@_é. - &65
SoxIo

[\)umbf/ og‘ Col\}ml ChClV'[)’LQlS : 'xloé‘ - 2O

50x0°

Lach col| naeds Only AL confrol c}lanu(/




(1) 660-20 = 64o
o, | 6o
=
L{(E/Hﬁ w3 D Usik Cha},,,@[s
Af [010}!/0[ éhamu/s oL }2/ w[}) /A [Léf

(>) _&%Q, v A193  (AD()=63F ) 3kt

Zedls with 92 yore channeds
4 alle with 9| voice  channd/s
F onks) danpels one Por call 13 =t

() Lo » 5533 ,(52)02) = 626, Hbeft
|2

4 elle it 54 yoiw channels
8 ells pitlh S22 voiee channels
1Z enfre| chanmds o per co] , & leff



-—dé\anna_( ASSTjnM. ﬂra]-f:cjfe_s !
Channe assfjquL s}fm’fj s Canbe classibd
as <ifur fixed or dyramic .
In a fixed channal assrjnmm)', o pre Aefommnsd
set of vice charmals are allocodec B each ll.
Uf all chanpele in Hu cell are ocw}?id/ +Hian
the call s plocked and e ver does pst
il Servie . Seme Gxggo gra%@fzs Can
allow W cddl v beiow  channds (rom
mrg\\%n@ s iF all s ewn  chanpels are
ocw};iédt , i 5}{0(}’@3 v aled the bom)mj
5&7’0&’2%‘ ﬁucl/t bor(ouﬂ"«ﬁ 'S su\od \/f$e-a[ bj
e meble sus kbu‘/j comber (MSL) 1o
ensuf Yhat e Yoryouwing does wat inkyorc
wile e calls jn proyes in e doner @l



Fn dopamie chonnel dsoimpannnd shateqq |
Wiz chomele are ok aluoted fo dluent
oy ?a(wué{ﬁ‘ Howewer, claanrals ciye fzqueslfz/
from Hlu. MSC bﬂ e Sevving bast. Sxatton
ec Yine, a call yzqwb}’ s made - The
MEC alloees  a fﬂjmy et ie nob in e
jn Akt cef] or ary oty el which fale wlin
/ﬂw oy f&éhfdce/ dfdzz//zcz aﬁfﬁqu
s o auwid  co-chamel ntedterence -
Dynamic clranns assrynwjr _sN“a.Jraﬂfe_s
vequire 4 M 1o dllect  teal —Aint dat
on chamal  cwpany | palbe dishibution,
and (odiv sijm,} 5)7”24/151% indjcahons

of all danwls . The increases Y 552%13,@
ad. oo mfm%’m/ load on Hu Sﬁg}w bl



Prouiou’/ﬁ . admmzﬂy, of AN INCYrase N
dunne vhlizabion and decrease H probab'//ﬁ
o coll ]Olcckf@.

_HandoAt- SJm‘l@f@ :

W o mople  vsex mores o a didwed cedl
L a all 5 in progess ! M g slatin
i Cﬁm?cd and AU yope and  conls) chanmel®
we. allocate lo dx yow past station.

_ ﬂam,j hand ot 5]}@7%)@5 prioihee hand 1
Y!qwojfé oir call rndiakion 7’27%%-

_ Houndoffe musk be Feﬂfzme,/ succ%ﬁ[@

and as ffrffzqmﬁy as possie., and  wior
oy nofie from M geex .



Level at point A

TJ __________
[
Q
— N\ Handoff threshold
(a) Improper a """""""""""""""
handoff situation = Minimum acceptable signal
g to maintain the call
e —_m e e e ) e e e e e e — =
g Level at point B (call is terminated)
= >
Time
- _ Levelatpoint B _
(b) Proper -
handoff situation & i Level at which handoff is made
§7) (call properly transferred to BS 2)
T
2
3
]
o >
Time

Stﬁgﬁm des }?Ws 5;’)’”’@ o mipimta, | vsalle]
-ijw} ,FD( a[&/?’}'al).?& | ][0,&2 7%@/@ a_‘}' j«/u_

 base skdon receiver | P

r,min .vsable )&Mal a

<) 9?%[) 5W9@/ 5/’3;«1/ ZUJ used a5



o Wheshold af ahich a havdett ¢ made
Vo © Ui pamyin 3= given by
& = P”deofé a3 ?r,m‘n-vsab&

D cnt be oo large or Yoo small , if
N vs o larye Unnecessard hand - t= may
ocen’ Causin burden on M MSC . TH A

o o small ) thare mey b inso&hi cient
Y o complide a hadft- before M cal) s
bst Adus fo weak. sigpal Jeve]

A[Sc/ o all n ke lest SF Hue N caused
an excesiVe dday jn aspnioy a hard off
chanwe) s can j/laﬁpm ovrin J ht'j}\ Sratbic
due b ekt i onpulnhonaloadiag
ot A WL o no Chonnele are awmilable
on any oA A ij bag stahen s -



| Hfjlr\ 5376600 Vehices  post ﬂhrd\/jln o all withm
seaonds | whill pedesrion vsers may nuver
eed o hapd A wa/ﬁ wall ) 50 i ot
ot Je mibrella ol .a})}wdl/l & yeed v
Prb\fiaﬁ( b bth cases

P

ol

Small microcells for
low speed traffic

Large “umbrella” cell for
high speed traffic

Thizs 5 Aot Jafj U5 Alawenl  andmna
Mjl«% wnd. dillrent power levels ot et
S0y Ol weq and A % offen dene

on Hu  ams ku{)almj o Avany /,\a/?wf
ells il proy e sepyice o h/’ﬁﬂu 5))260/



moilizy vehickhs  wWhill  smal] wlk service
pededyians

_The 5}70:A of cadr vser may be egimatee
by He bace shodion oy MSC by emluatin)
ho ek Yo Shork —term average s’gwl
é}fwg\'\/k on M rolarer e chamed (R C)

5}@:@ 5&§m1 b Hu bast Slakon whil
Py walk Awa Jrom e base shdron
and hat Sl ﬂtwﬁ in A avrzge 59“‘/
61?6%7% . B when B ver hos paveled
wel] bejoyud Hhe 0&3ng 129 2 of e
d. This hapwe whon Heoe 75 a line-of st
(L02) iy puh. between e vsex and s Jower,



This ma Ueatt. imvherence  anod Aedfie
mamgwwxz% problms | TThis jgsve B
anlled veall a/m%ij |

_ O mothad Ly pw’or}}ﬁﬂ?g head stz

i callod Juard " chamel \Conteplr) where

A fachen of A Apdal ovaileble channels
nacl ro vesoved an@ o hand oft re7wg}5.
In fud chomd  assignunt shategy ,th
methe| has S dicadvain) ot /duomj
e totad chanpele for nw  ald rouess .
Howeivy, for ﬁtjnﬂmfé channgl as@ﬁmma{’
shatejes ¥ 9\/”&/ chanle ooy s ot
WCLHJM viilizabion  sjpce Hu  channd
alloeadions are  Jemond  pased .



_ Anther mefhod Afor /Df/’oﬂ?'?’zf/bj hand ot
& called Juening of  handott requesds

This medlod olecrease, fu  probabilty of freed
leymipabon of & call  Jdue b Hu lack oF
aalabUe  channee . T Qe ing clpes not
guaraptee. o hand A€, spne lame Aelogss
wll ause Hou yeceived Signa| level o
dfa? belpw P minimum rzgmfrw/ leve|
1> mahindamin  ommnicadion  ond  Ahen
leadiny 47 hreol Jexininadion.



_1In ot division  celluloy 5§5Jwts oF
tive  divicien  cllulay  syghms
mobile  vsers  showe e same channd
in e wll | so He hand SE Ferm
5 doy ML change i Aillereat  basc
ctabions that handle e vadiv  commnzaton
s handoft % done as  mubhple basc
antions  receine e signal frem o vser
and allows He MEC & make a dpciom
w5 o Which  stpal b pess at ary
inStanc_ [ Fhis ¢ calld 568 hawdatE.






Tidwterencs and Syskem Ca-)mc,;}f] |

Tndokrnne. 5 Hu sy lmitim Sachr in HFo
pedormance. oF  (llular radi syshns Ty major
types of syskon jcnm’c/ cellulnr  pbrtesena.  are
o-chond plertoren and  adjacent | numnal sakdornct
[1] Go-channel Lnofinnce  add Syskm C@mcf'z’y

Tn a given @leasy are, fregquny Tevse mplies
Mob Hoe o sevedl  clls o 1 Ho Somne 2f oF
feucies | taes colls an calid  o-chamd alls

The inkkrence bedveen Sorols from hoe @lls 15 caled
Cochanne] (nfurference

Thrmal aise jc orercome by ncheasing . simal-
tohont fadio (SNR) by incrtasisy) Hla famsmited porer
(o-chamdd (pderfenne  cant be overim b 0y inctessing

'}'W. [’)/aibwﬂy-{p‘ Ya\ue/ /SIML 'Ma( ncliad e u\hﬂ /LSVH'



in an increase  in  ipteference 7> co- channad  <lls .
To fdace  toclanmel ndederence | 1o_channed colle
must b phycreally 5c,pam}<o/5) A minjmimn
dtanct b protide  tnowsh joldisn dus do propeton
When e size of ach ell s ajvproxfmn/c(j Hx
sl ol Jhy it Sapons  fansmit P sons power,
Ho o] sigral to ihteran  rbe  beomes
indspmmdent of fu fansmiled power and becnus
a tnclion of Mo vadivs s Hu all (R) and
Y diskance  fofoen  anberc of i mores-
-k clls (D) .
Docall ¢

a?_: bz-tc_z'_ 2 bc wsA

2@53024 :_'7 _g—:
R

o J

2a _ /3
o




Dt - (2ai) + (24j)1-2 (2a3)(2a5) @yé

D = (2a)[ %% ]

St 2a= f2R apd M= %% 4ij

DL 3R°N

= %:M =:Q : apanly called
co-chauns| repe yabo.




So by incessing Q , Hu spdial sepacadion
befwun (o chanre] celle (D) increases conped T
He  wvemar difnec of a el (RB)
Whle by dicreasing &, N s smaller 5 so o o
A san omn  pe il ned mere  Clusker replica hion |
bt M, leading b lacger appcity C s
C=MKN | tudoy o g™ lorels oF co-chumd
nersence . So in collulas  dosion, < ol
Shold be mode b M sikble uabue of Q .

Pizallzs  dB . decitel , B el = 1dB = L
dB expresses Ak vabs of Pio wvalnis e
pued o qast-power  quankitics ((gg. muer
/5 prejorfional to flu Spuape of vallaol or curcend
whan  impedanc. s conslant) .

|

)dB = ID}D9 ’OE = lo 1 [Dj 10 = [C{B

/7



The means At ér a_ raho Sf“j P

ol B || 1B ladon| (2] | 4 il
1 &) - - = }O .
> Rt Fef

In a mbit rdio demed | He  propagation
messuterments  show A fhe arermsp. yectived Sigal
senttn. af- any poiak diays as a power law of
e Aidance of separation between a fansmite
ard a receiver.

Nete: T stahihcs ; a power law s a fimcfonal
Wla:’?%shgy belveen dwo - quandities, whon a relabia
charey in ont quartly veaulls in a pgorfonal

e lofine charsyte in phi oftr 7mm%’zb. Tt lut s
yariable in s base , wle Hu epoaial bchin

has ifﬁ variable i ifs vanmi’.



Let (A o Hu. dztance bepyeern P Fransmiter
and Aectiver  (T-R) seppation  dishance , Tf
Roic Y powts” yeceived ot a close-in (dsse b Hua
hansmithns aphna) whrewe point in s far freld
fior, o S artenna ok o swall dihane.
pom Hoe dpnsmifien anenn | Hhon The agersg
taidd power (RN ab a4 ditna d fom e
Iansuid®y antenna s @yopmm?a( by

B (4)

’?Tué) ’Ec@ - pn 1?7[;%)

i Environment Path Loss Exponent, n
Nn:is Hu. patt le=s
Free space 2
. Urban area cellular radio 271035
exponunt , i 5
Shadowed urban cellular radio 3t05
In building line-of-sight 1.6to 1.8
r o
on T epyirorimmt
Obstructed in building 4106

as SL-OWH ff\ 'jﬂ.ﬂ- }uM - Obstructed in factories 2t0 3




of (D s Y distance of Ha i* Go-clonns
wll iotecfer fom o mobil vser , Hhon Ho reain]
powe” ot 4 given mobile A to o i interferie
cll will be proporhional fo (D). Lot ¢ be
Hu nomber of  co-chamel intufeviny clls | Hum He
el o inktrfermmce qutio (IR or 5J1) for

2 mobile yeceiver ( on its forwad. channel)

whae  S: is the (desived \powor fram e | dosived bas
statien | T. : 35 e Uinkictotona | pousee: aused by Ha
7 ikt o-dhonnd - @ll bagc shion.

OF T i Jowwm br all co-chama alls, Heun
SIR can be found Vsioy Jhu  abow 2giation.



Whon #4  Aansmited poser of each bese sfatrom
s equal and fle pdh fss exporand 7o
sami Fhroughout e Coversys area e STR
Br a mobile s

i ﬁ
ACHM

-n

S| L
= -

fr fue ase o :onstwn“/? only H Gt layed of
efelng @lls and all Hha /"fn/?//eﬂ@ bose  Stasions
are. equidishant from the  desived bse skatron
with. a a(/BJIZ-/LLL D bdwsen |l anders

= - ~ (R) @7

L I D




pr & mpe chsc a/z/pmszm%bn of SR,
Onsidt  ap example wWhere.  we have N=7,
e first Zajor of J}z}m‘oﬁnj cells has F c/us}efg
M T TF o Co-chanm] s )W/&r/'ii.? with Hix
all ot o cdey as illuhated Lobes .




Baced on an a F/)ﬂfﬁ‘aﬂi appoX imafion of FL
Asanas befyeen  co-chamels 4o 5mﬂ@ e analyses,
LR /YREYYY, I msbilt.  yser' 7o ad S
Ao of ifs cell (et Hu all bovndacy ot point x).
The mobibe ygr s ot g difane R Fom #Hs bas
Station , a distance. (D-R) from #ht hoo closest
/A}W{@fl‘? wls | a difansee (D+R) from fhs o
fus thest fmlerfa@ calls , and o ditana D Hon
S b bt Thon

IERE R

L = 2(D-R)"e2(D+R) " 4 2D

It we iy (1":}7/] SIR 9 __;é-_:_, we @n Wil th aboun
ekl i fums of £
S l

2(a-9"42(@-1)"4 267"

—

._l. =
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- Set-up Time: The time required to allocate a trunked radio channel to a requesting user.
Blocked Call: Call which cannot be completed at time of request, due to congestion. Also referred to
as a lost call.
Holding Time: Average duration of a typical call. Denoted by H (in seconds).
Traffic Intensity: Measure of channel time utilization, which is the average channel occupancy mea-
sured in Erlangs. This is a dimensionless quantity and may be used to measure the time utiliza-
tion of single or multiple channels. Denoted by A.
Load: Traffic intensity across the entire trunked radio system, measured in Erlangs.
Grade of Service (GOS): A measure of congestion which is specified as the probability of a call being
blocked (for Erlang B), or the probability of a call being delayed beyond a certain amount of
| time (for Erlang C).
Request Rate: The average number of call requests per unit time. Denoted by A seconds™!.
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Capacity (Erlangs) for GOS

Number of

Channels C Gﬁé= 0.01 @: 0.005 (Gps=0.002 45 = 0.001
2 0.153 0.105 0.065 0.046
4 0.869 0.701 0.535 0.439
5 1.36 1.13 0.900 0.762
10 4.46 3.96 3.43 3.09
20 12.0 11.1 10.1 9.41
24 15.3 14.2 13.0 12.2
40 29.0 273 25.7 24.5
70 56.1 53.7 51.0 49.2

100 84.1 80.9 77.4 75.2
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Example 3.4

How many users can be supported for 0.5% blocking probability for the fol-
lowing number of trunked channels in a blocked calls cleared system? (a) 1,
(b) 5, (c) 10, (d) 20, (e) 100. Assume each user generates 0.1 Erlangs of

traffic.
6O§: 05—7 ) }Ag\/l:D'l
(b) €=5 , Gos =0.57. , from Erlorn B chont-
Ac,-\—)/ ) - _1L£. 1 0 ycen
/ AL 4] ’

() C=lo, 605 =057, | frone Erlang B charf

Any U-A _ 4 _ 4o yser
) Fu Gl
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Example 3.5

An urban area has a population of two million residents. Three competing
trunked mobile networks (systems A, B, and C) provide cellular service in
this area. System A has 394 cells with 19 channels each, system B has 98
cells with 57 channels each, and system C has 49 cells, each with 100
channels. Find the number of users that can be supported at 2% blocking
if each user averages two calls per hour at an average call duration of
three minutes. Assuming that all three trunked systems are operated at
maximum capacity, compute the percentage market penetration of each
cellular provider.

Syspomak: G052 27, C=Mgwral , 39 als
A, - AH. (3) 0. Exlansy
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Example 3.6

A certain city has an area of 1,300 square miles and is covered by a cellular
system using a seven-cell reuse pattern. Each cell has a radius of four miles
and the city is allocated 40 MHz of spectrum with a full duplex channel band-
width of 60 kHz. Assume a GOS of 2% for an Erlang B system is specified. If
the offered traffic per user is 0.03 Erlangs, compute (a) the number of cells
in the service area, (b) the number of channels per cell, (c) traffic intensity of
each cell, (d) the maximum carried traffic, (e) the total number of users that
can be served for 2% GOS, (f) the number of mobiles per unique channel
(where it is understood that channels are reused), and (g) the theoretical
maximum number of users that could be served at one time by the system.

T

(4) aren of 2 hex. = 39{;2_}{2 = i_'é_l\(él)z: U1.5F mil.

of clls e whole area = (300 _ 31,27 - 2] all.
# e Ui.57 {

(b) #o’f chqnw[s P Y5 = ‘%DXIO(’, = 666vajs.

606 X107
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Example 3.7
A hexagonal cell within a four-cell system has a radius of 1.387 km. A total
of 60 channels are used within the entire system. If the load per user is
0.029 Erlangs, and A = 1 call/lhour, compute the following for an Erlang C
system that has a 5% probability of a delayed call:
(a) How many users per square kilometer will this system support?
(b) What is the probability that a delayed call will have to wait for
more than 10 s?
(c) What is the probability that a call will be delayed for more than 10
seconds?

(#) MoY, 60 channks iy 5., M= 0.027
Rel283 = arm = 35 (1347) » S bn®
#oﬁ chonnals fer el = %‘l; /5
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Capacity (Erlangs) for GOS

Number of

Channels C = 0.01 = 0.005 = 0.002 = 0.001
2 0.153 0.105 0.065 0.046
4 0.869 0.701 0.535 0.439
5 1.36 1.13 0.900 0.762
10 4.46 3.96 3.43 3.09
20 12.0 11.1 10.1 941
24 15.3 14.2 13.0 12.2
40 29.0 27.3 25.7 24.5
70 56.1 53.7 51.0 49.2
100 84.1 80.9 77.4 75.2
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fwe 5 frunked chanwls at G0S=00l 5 2 ([-36)-27F2
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hre 26 trunked channk, 41 650002 = 5(16.1) =565
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Example 3.8
Consider Figure 3.9. Assume each base station uses 60 channels,
regardless of cell size. If each original cell has a radius of 1 km and each
microcell has a radius of 0.5 km, find the number of channels contained in
a 3 km by 3 km square centered around A under the following conditions:
(a) without the use of microcells; (b) when the lettered microcells as
shown in Figure 3.9 are used; and (c) if all the original base stations are
replaced by microcells. Assume cells on the edge of the square to be con-
tained within the square.
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Example 3.9
Consider a cellular system in which an average call lasts two minutes, and

the probability of blocking is to be no more than 1%. Assume that every sub-
scriber makes one call per hour, on average. If there are a total of 395 traffic
channels for a seven-cell reuse system, there will be about 57 traffic chan-
nels per cell. Assume that blocked calls are cleared so the blocking is
described by the Erlang B distribution.
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3.3 Show that the frequency reuse factor for a cellular system is given by /S, where k is the
average number of channels per cell and § is the total number of channels available to the

cellular service provider.

a:{/j- deof chomuls [ cel] - Fodal 4 of chonrats

clushk- Siz<
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N
X - 7]\[- o ﬁ(ﬁ (A7 4 ‘IQC/ZK

S

3.5 A cellular service provider decides to use a digital TDMA scheme which can tolerate a signal-
to-interference ratio of 15 dB in the worst case. Find the optimal value of N for
(a) omnidirectional antennas, (b) 120° sectoring, and (¢) 60° sectoring. Should sectoring be
used? If so, which case (60° or 120°) should be used? (Assume a path loss exponent of n = 4

and consider trunking efficiency.)
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3.10 A total of 24 MHz of bandwidth is allocated to a particular FDD cellular telephone system
that uses two 30 kHz simplex channels to provide full duplex voice and control channels.
Assume each cell phone user generates .1 Erlangs of traffic. Assume Erlang B is used.

(a) Find the number of channels in each cell for a four-cell reuse system.

(b) If each cell is to offer capacity that is 90% of perfect scheduling, find the maximum
number of users that can be supported per cell where omnidirectional antennas are used
at each base station.

(c) What is the blocking probability of the system in (b) when the maximum number of
users are available in the user pool?

(d) If each new cell now uses 120° sectoring instead of omnidirectional for each base station,
what is the new total number of users that can be supported per cell for the same blocking
probability as in (c)?

(e) If each cell covers five square kilometers, then how many subscribers could be supported
in an urban market that is 50 km x 50 km for the case of omnidirectional base station
antennas?’

(f) If each cell covers five square kilometers, then how many subscribers could be supported in
an urban market that is 50 km x 50 km for the case of 120" sectored antennas?
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3.13 A certain area 1s covered by a cellular radio system with 84 cells and a cluster size N. 300
voice channels are available for the system. Users are uniformly distributed over the area
covered by the cellular system, and the offered traffic per user is 0.04 Erlang. Assume that
blocked calls are cleared and the designated blocking probability is P, = 1%.

(a) Determine the maximum carried traffic per cell if cluster size N = 4 is used. Repeat for
cluster sizes N =7 and 12.

(b) Determine the maximum number of users that can be served by the system for a blocking
probability of 1% and cluster size N = 4. Repeat for cluster sizes N =7 and 12.
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3.26 Assume each user of a single base station mobile radio system averages three calls per
hour, each call lasting an average of 5 minutes.

(a) What is the traffic intensity for each user?

(b) Find the number of users that could use the system with 1% blocking if only one channel
is available.

(c) Find the number of users that could use the system with 1% blocking if five trunked
channels are available.

(d) If the number of users you found in (c) is suddenly doubled, what is the new blocking
probability of the five channel trunked mobile radio system? Would this be acceptable
performance? Justify why or why not.
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Example 4.1
Find the far-field distance for an antenna with maximum dimension of 1 m
and operating frequency of 900 MHz.
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Example 4.2

If a transmitter produces 50 W of power, express the transmit power in
units of (a) dBm, and (b) dBW. If 50 W is applied to a unity gain antenna
with a 900 MHz carrier frequency, find the received power in dBm at a free
space distance of 100 m from the antenna. What is P,(10 km)? Assume
unity gain for the receiver antenna.
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(a) Knife-edge diffraction geometry. The point 7" denotes the transmitter and R denotes the receiver, with an
infinite knife-edge obstruction blocking the line-of-sight path.

Considey an obshacle g5 shovn abeve , assome Hhat
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(b) Knife-edge diffraction geometry when the transmitter and receiver are not at the same height. Note that
if o and P are small and & << d, and d,,then h and h’ are virtually identical and the geometry may be redrawn
as shown in Figure 4.10c.
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""""" ~

d, dy

~

yr\\‘R

(¢) Equivalent knife-edge geometry where the smallest height (in this case /,) is subtracted from all other
heights.
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(a) oo and v are positive, since h is positive
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11730
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gy

since h is equal to zero

’

(b) oo and v are equal to zero

(c) oo and v are negative, since h is negative
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Example 4.7

Compute the diffraction loss for the three cases shown in Figure 4.12.
Assume A =1/3 m, dy = 1km, d, =1 km, and (a) h =25 m, (b) h =0,
(c) h=—25 m. Compare your answers using values from Figure 4.14, as
well as the approximate solution given by Equation (4.61.a)—(4.61.e). For
each of these cases, identify the Fresnel zone within which the tip of the
obstruction lies.

(a) Y _ h/.Z(dﬂ—J;T
Ad do

L 25— / ) < [d ¥ /0 L 2'?% (a) o and v are positive, since h is positive
((/5)(»’)
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o Hi loss 1o 2.FAB -

Since A:_i—_-—, nN=256 w’lﬂ‘(

Ao W (dds) _ (25> (16 +107) _ 0.425 m
24, d, 2 o> w3

se n=- 24 - 2 (6-425) - 3.7S
A /3

5o A dp of 4%1 obstacl completely block's A

Tt thyee Ffesm. Zonis .




b h_o e
— Rt d, »|< d, >l RIN

A ‘i[ 0(2 (b) oe and v are equal to zero, since h is equal to zero

fom M. graphical reprsendation sl 6, (AB) :

() (AB) % -6 dB, 5o the dilluckion loss = 6B .

From a/fmom#m . Gy (dB)— 2olaj [0:5-0.62v)
Gu(AE) = -6.02 JB

5o the  dibucton loss = .02 AB

ﬁA ;hz(at‘f'ﬂ{f) ) ? n:;_é:o
2"[(01.(7—- 7\

Se fW obstacl i i Hu LGred Frosnel zomo.




(c) oo and v are negative, since h is negative
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Example 4.8
Given the following geometry, determine (a) the loss due to knife-edge dif-

fraction, and (b) the height of the obstacle required to induce 6 dB diffrac-
tion loss. Assume f = 900 MHz.

. z ‘?-’;-/’Knl edge
25 100 m .
50 m
25+ 2% » 25 m
10 km 2 km |
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Example 4.9

Four received power measurements were taken at distances of 100 m,
200 m, 1 km, and 3 km from a transmitter. These measured values are
given in the following table. It is assumed that the path loss for these
measurements follows the model in Equation (4.69.a), where d; = 100 m:
(a) find the minimum mean square error (MMSE) estimate for the path
loss exponent, n; (b) calculate the standard deviation about the mean
value; (c) estimate the received power at d = 2 km using the resulting
model; (d) predict the likelihood that the received signal level at 2 km will
be greater than -60 dBm; and (e) predict the percentage of area within a
2 km radius cell that receives signals greater than —60 dBm, given the
result in (d).

Distance from Transmitter Received Power
100 m 0 dBm
200 m —20 dBm
1000 m —35 dBm
3000 m —70 dBm
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419 It P,=10W, G,=10dB, G,=3dB and L = 1 dB at 900 MHz, compute the received power for
the knife-edge geometry shown in Figure P4.19. Compare this value with the theoretical free
space received power if an obstruction did not exist. What is the path loss due to diffraction for

this case?
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4.23 If the received power at a reference distance d, = 1 km is equal to 1 microwatt, find the
received powers at distances of 2 km, SHem—em—and20-dam from the same transmitter for
the following path loss models: (a) Free space; (b) n = 3; (c) n = 4; (d) two-ray ground reflec-
tion using the exact expression; and (e) extended Hata model for a large city environment.

Assume f = 1800 MHz, h, =40 m, h, =3 m, G, = G, = 0 dB. Ploteach-efthese-models-on-the
srank ovax tha oo oo o PO Ya X P stment-an-tho-diffarancachotmaatthacafise
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4.27 A transmitter provides 15 W to an antenna having 12 dB gain. The receiver antenna has a gain

of 3 dB and the receiver bandwidth is 30 kHz. H-therecetversystenrnotsefeurets-dB-and

the carrier frequency is 1800 MHz, find the maximum T-R separation that will ensure that a
SNR-ot26-dB i1s provided for 95% of the time. Assumen =4, 6 =8 dB, and d, = 1 km.
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— ~ 4.2 4B
4.28 Assume-a?SNR—ef—Eé-d-B is desired at the receiver. If a 900 MHz cellular transmitter has an

ﬂ:&{. = HHRP of 100 W, and the AMPS receiver uses a 0 giB gain antenna and-has-a—+0-dB-neise-feure,

JooW find the percentage of time that the is achieved at a distance of 10 km from the
transmitter. Assume n =4, 6 =8 dB, and d, = 1 km.
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4.29 Four received power measurements were taken at distances of 100 m, 200 m, 1 km, and 2 km
from a transmitter. The measured values at these distances are -0 dBm, —25 dBm, —35 dBm, and
—38 dBm, respectively. It is assumed that the path loss for these measurements follows the model

PL(d)[dB] = PL(d)+ X, = PL(d,) + 10nlog(dio) + X,
where d, = 100 m.
(a) Find the minimum mean square error (MMSE) estimate for the path loss exponent, n.
(b) Calculate the standard deviation of shadowing about the mean value.

(c) Estimate the received power at d = 2 km using the resulting model.

(d) Predict the likelihood that the received signal level at 2 km will be greater than —35 dBm.
Express your answer as a Q-function.
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Example 5.1
Consider a transmitter which radiates a sinusoidal carrier frequency of

1850 MHz. For a vehicle moving 60 mph, compute the received carrier
frequency if the mobile is moving (a) directly toward the transmitter, (b)
directly away from the transmitter, and (c) in a direction which is perpen-
dicular to the direction of arrival of the transmitted signal.

W= bomles ir = V= 60X 160 . 24.32 kmfs, U= 26.32m/5
60x60

‘S; .V @0 _ 2482 (|tz$oxlo‘)= 165 -39 s
N Ix 1b? .

() B=0 | £ - 1653650 = 1653

jc=£:+-]‘2 15 l§50xl06+l65'-37 - 1450. 000165 xm&i-]%
(b) O-18, f - lbsH &5 B0 = -168.5

[ 19Soxlo - 165.37 _ 1949.999335 xj0° Hz
(c) =90, £1:165.395> =0

f. 15010 #y e fewived fiy. lid ndt dant sine £, =0



Example 5.4
Compute the RMS delay spread for the following power delay profile:

0dB 0dB

1

0 1 ps

Sinie.  10kAX 2 6dB =, X=1lo - |W
1w

7. %Pa;)'rz _ Qwifoks) + (w)(14e)  _ o.b’xzo_éf
3 A3 Lo

7 Y (D) « V(R | pSxid

T = i
2 A1) [ + |
——r— .
1 - \/ Pl | [a-sxlo'”' . (0'5)('0’6)?’]2
- \/0-25‘ X 1D



Example 5.5

Calculate the mean excess delay, rms delay spread, and the maximum
excess delay (10 dB) for the multipath profile given in the figure below.
Estimate the 50% coherence bandwidth of the channel.
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Example 5.7

For a Rayleigh fading signal, compute the positive-going level crossing
rate for p = 1, when the maximum Doppler frequency (f,,) is 20 Hz. What
is the maximum velocity of the mobile for this Doppler frequency if the car-
rier frequency is 900 MHz?
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Example 5.8

Find the average fade duration for threshold levels p = 0.01, p = 0.1, and
p =1, when the Doppler frequency is 200 Hz.
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Example 5.9

Find the average fade duration for a threshold level of p = 0.707 when the
Doppler frequency is 20 Hz. For a binary digital modulation with bit duration
of 50 bps, is the Rayleigh fading slow or fast? What is the average number
of bit errors per second for the given data rate. Assume that a bit error
occurs whenever any portion of a bit encounters a fade for which p < 0.1.
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5.1 Determine the maximum and minimum spectral frequencies received from a stationary GSM
transmitter that has a center frequency of exactly 1950.000000 MHz, assuming that the
receiver is traveling at speeds of: (a) 1 km/hr; (b) 5 km/hr; (¢) 100 km/hr; and (d) 1000 km/hr.
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5.6 If a particular modulation provides suitable BER performance whenever ¢./7,< 0.1
determine the smallest symbol period 7 (and thus the greatest symbol rate) that may be
sent through RF channels shown in Figure P5.6, without using an equalizer.

P, P,
H N
0dB % A indoor 0dB + 4 outdoor
-10 dB+ r'y -10dB + A
-20 dB + -20dB £
30 dB+ 30dB 4
. T |
0 50 75 100 ©Xcess 5 10 T
(a) delay (ns) (b) (us)

Figure P5.6 Two channel responses for Problem 5.6.
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5.7 1f a baseband binary message with a bit rate R, = 100 kbps is modulated by an RF carrier
using BPSK, answer the following:

(a) Find the range of values required for the rms delay spread of the channel such that the
received signal is a flat-fading signal.

(b) If the modulation carrier frequency is 5.8 GHz, what is the coherence time of the chan-
nel, assuming a vehicle speed of 30 miles per hour?

(¢) For your answer in (b), is the channel “fast” or “slow” fading?

(d) Given your answer in (b), how many bits are sent while the channel appears “static”?
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5.8 For the power delay profiles in Figure P5.6, estimate the 90% correlation and 50% correla-
tion coherence bandwidths.
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1 N
0dB % 4 indoor 0dB + 4 outdoor
-10dB + A -10dB + A
-20 dB + -20 dB i
-30 dB 4+ -30 dB +
. T |
0 50 75 100 ©XcesS @ 5 10 T
(a) delay (ns) (b) (us)

Figure P5.6 Two channel responses for Problem 5.6.
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5.9 Approximately how large can the rms delay spread be in order for a binary modulated sig-
nal with a bit rate of 25 kbps to operate without an equalizer? What about an 8-PSK system
with a bit rate of 75 kbps?
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5.10 Given that a Rayleigh-faded mobile radio signal has a level crossing rate of N, =
«/Etfmpe_pz , find the value of p for which N, is a maximum.
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5.11 Given that the probability density function of a Rayleigh distributed envelope is given by

2
p(r) = Lzexp(_—rz} where G° is the variance, show that the cumulative distribution
o 20

2

function is given as p(r<R) = 1 - exp(_—Rz}
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5.12 The fading characteristics of a CW carrier in an urban area are to be measured. The follow-
ing assumptions are made:

(1) The mobile receiver uses a simple vertical monopole.

(2) Large-scale fading due to path loss is ignored.

(3) The mobile has no line-of-sight path to the base station.

(4) The pdf of the received signal follows a Rayleigh distribution.

(a) Derive the ratio of the desired signal level to the rms signal level that maximizes the
level crossing rate. Express your answer in dB.

(b) Assuming the maximum velocity of the mobile is 50 km/hr, and the carrier frequency is
900 MHz, determine the maximum number of times the signal envelope will fade
below the level found in (a) during a 1 minute test.

(c) How long, on average, will each fade in (b) last?
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5.13 A vehicle receives a 900 MHz transmission while traveling at a constant velocity for 10 s.
The average fade duration for a signal level 10 dB below the rms level is 1 ms. How far
does the vehicle travel during the 10 s interval? How many fades does the signal undergo at
the rms threshold level during a 10 s interval? Assume that the local mean remains constant

during travel.
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5.15 For a mobile receiver operating at frequency of 860 MHz and moving at 100 km/hr

(a) sketch the Doppler spectrum if a CW signal is transmitted and indicate the maximum
and minimum frequencies

(b) calculate the level crossing rate and average fade duration if p = —-20 dB.
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5.27 The local average power delay profile in a particular environment is found to be

2 -6
P(ty= Y 2 5(t-n10")
a=ol +1

(a) Sketch the Power Delay Profile of the channel in dBm.

(b) What is the local average power in dBm?

(c) Whatis the rms delay spread of the channel?

(d) If 256 QAM modulation having a bit rate of 2 Megabits per second is applied to the
channel, will the modulation undergo flat or frequency selective fading? Explain your
answer.

(e) Over what bandwidth will the channel appear to have constant gain?
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5.28 A local spatial average of a power delay profile measured at 900 MHz is shown in Figure

P5.28.
P.(1)
0dB 4 4
-10dB + N
-20 dB +
-30 dB +
>
0 1 2 T
(us)

(a) Determine the rms delay spread and mean excess delay for the channel.
(b) Determine the maximum excess delay (20 dB).

(c) If the channel is to be used with a modulation that requires an equalizer whenever the
symbol duration 7 is less than 10 ¢, determine the maximum RF symbol rate that can be
supported without requiring an equalizer.

(d) If a mobile traveling at 30 km/hr receives a signal through the channel, determine the
time over which the channel appears stationary (or at least highly correlated).
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5.29 A flat Rayleigh fading signal at 6 GHz is received by a mobile traveling at 80 km/hr.

(a) Determine the number of positive-going zero crossings about the rms value that occur
over a 5 s interval.

(b) Determine the average duration of a fade below the rms level.

(c) Determine the average duration of a fade at a level of 20 dB below the rms value.
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5.30 For each of the three scenarios below, decide if the received signal is best described as

undergoing fast fading, frequency selective fading, or flat fading.

(a) A binary modulation has a data rate of 500 kbps, f. = 1 GHz and a typical urban radio

channel is used. to provide communications to cars moving on a highway.

(b) A binary modulation has a data rate of 5 kbps, f. = 1 GHz and a typical urban radio chan-

nel is used to provide communications to cars moving on a highway.

(¢) A binary modulation has a data rate of 10 bps, f. = 1 GHz and a typical urban radio chan-

nel is used to provide communications to cars moving on a highway.
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5.32 Based on concepts taught in this chapter, propose methods that could be used by a base sta-
tion to determine the vehicular speed of a mobile user. Such methods are useful for handoff
algorithms.
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L Pk o5 (.8) = XRE)

K : gain onshant .



_ Non ohorart domodulufor , zz/ll/dvfe dibechr Hat hos
an M}M} prafovﬁm/ Jo fhu We,[o/pa wapy mf,,d— sy
I e et 5 an A 6r7na/ s

RU) s (20t +9¢)
Hn. Aue outpe 5'9mz B K[RE)| sk

k is a gpn ongtant
_ brnlope dedechrs  can be yed whon S smal
Power 1o at last 10 AB quater than e poie. power
_ Redudd dedechrs wn be sl with sgnal power
to neise power” well below OAB .



/}@U- Modulockon
B )?:7% madulefior (FM): it is an  ansls medubebin
whore e nstantamneovs ﬂfe7w,m7 of Hu arier siynal
i varied | busatly asith s aseband meseoge spypal m)
So ) = A (05[21!9[{—4—966)]
- Ao cos | 2T 4 2Tk /Mm,,u)

dhove Ky : amplbych of Hu ot | £, : whier opuny
}g/r : ]QW dubiation  conctant .

T e mcdcda/mj Spred js
mik) - A ces 27;{4%

Hun e FM signal s

Sy = A ms{ﬂ;{_* + Khm 5y IF,fch}

M

~ Frtqu.wj maodulation indix éc s the relation bepueenthe
MLinoy W)M anJ e lmM[wfo(‘H’l of e Mm,#dsgmi



. kA AF
s wow

whoe A e peak valu of Hue W\wlw[aﬁ:ﬁ synal
M M. peak frequony dosindion of Hee hansmiter |
e pf= KA W maximim bandwidth of e
W&L@[aﬁ‘ﬁ signal | he A e Of fu-pus sl

W:’)CM ) —-Q—hf w:‘fy\ﬁxho
S

2. Phase medulation (PM) = H = an Mj[a. maduledhon
whote A ansle Bi) ob A carfier §rjm( VAriLs
ieady witl oo bage band mussage el mt) .

Spy (4) = o cos J=fe s @&)J

- A, éos[zﬂfc% N kgmH')J

whare &g+ phase. devidion congfant .
- Phase modulation index B, 1s Hha pesk phase derichen
of s bamsmilll NS, By < kb AF




- Notiw Hhat an M signal s 4 PM sipnal i
which e Iylaﬂlwla']fnj signel i integrated bedore
moduladtion ) ar a P §i‘7w[ )5 an FM 5tjml N
which Has rrwfafa}v‘/ﬁ sgpal /2 Adterentinted petore
madaluion

éXamf? e -

Tor m@)=Y5 2T 4x15t | in an FM wadulr e s
fm7uo,ntj doviodion conskant £ g = o' #2)V. Fid A
Pk f“ﬁ““"‘j Jofidhon and A §z7uw7 modulation index.

kaﬁ/ej- 06.2/1/;4‘[';0'1 —_-_—M: k,.}' Am: Ll-!llDL' W2

{eg. medulatin indec - g = B gulD v

W £ o R




Ay FM 5na has 487 of Fhe fodal hansmiled Power™
ina RF bﬁnﬂ("‘fl\ﬁub‘ ET :
BT =12 (gjf +/> fm ( UPy&( bodﬂﬂl) %ar.Sowls rm[Lh

57- _ lbf ( | owex 190\)1(\51)
whan /gjc << ])
BT = 2 ( ﬁf t I>-§ = zj(m -F‘__:‘fh ’},_ :]F"""‘Fm

wlhen /57}773)
br= 2(F+0f ~ 2B S, - 2%,&\ . 2Df

wm

E}IOWUD(Q g Lnoa Sﬂg}""’ L'J}J*/\ EJ:B ) j(m:qu"Z'.
Use Cﬂ/{on/ﬁ Vulf.& ‘75 éd%ﬁx Wo/ ang/ /aqu/ hmJﬁ 4,][53_‘
Uj?"r b"””'of : BT; L (gf'l'l)ﬁx: 2(54")4}3(”)3: 32}()—-]-2_

lower bowd + By o 288, 2 BW - 2(3)(H--0) s 24 Lt



FM o madilstion ' one of e wothcd s to called
e died methd, whae a o Hage-contolled osillaers
ot Ve dp vry Mt frequaas of M canier signal in
peopoms Wi Hu bgland sypal amplacle -

Shype defeckion  in i method |t demodiolafor dakes
Ha Ainw dpitie  (Sope) of e FU smal | Hen
dhedz S fzswb‘ifj sEmalé  epvelope. The putput i3

o 5al with an amgihuds Jpat varies prpsienal 4o m
Yo clossing). didechon s\ Ahie mthad, oo, dupedul afor uses
T gers— Cvstings Fa converd ’4‘7”““@ do ampliude

by cooing Baro-clossinss, Hnen jemﬁmj pulses propeftion
o S syl above Ju eesheld, Hhan piapsiny e pulses
Awradion vk @ sequenss o unibied puke duvation | Hhen feading
Heemiphp e LFF Ip gwumk the mlt) sipral e P> adpat



vio(t) —| Limiter Differentiator
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he yvd;rmm of o modulaon scheme 75 vsually maswed
in dorms of  power z#rcfmj and. bandwsidth réfqu‘w‘/-
Mowsr elficiencty %) \ehe\ : i a maasure of o bpdeoft bedueen
e signal puwer and the noise pover ot M receer inpat For

A artan yralonb;lf}y oF exror , ysually weasured as Hue raho
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B
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_In AWGN  chamels (non-fuding dhanpeks) , e channel
Ca?a,ai}j % oo bownded by Shamon’s bowd

C= B4, =Bly(+5)
whae  C: chamel capecity in bps , B RF bandwid#h,
SIN : Signal to nise. yortis
e thewory skks At for an arbitianly swall probability
of efor, fue maximims pezible banduiddh z{@rdemj 7
ittt by e noir in e chanwd
_ Thoe is a hadestt behween  pardwidth cltiiensy andl powes
elviensy . For examgle | in etor onbdl coding , e wdiny
dytases Yoo pandwidthe eBienss bt reduces +he required

waiua‘ powex’ fp{ a pa/#wla,r bif ever yade ) l.e. ipumass

powex eﬂ‘i&imyj .
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Bangle: Tn US Dighal (lular Standbord , e dete e is v8.6klps
W channe) conditions o 20dB SNR and RF bardwidth of 30kt
Howonr, the maxinom Aucteticl dofa rde Jhat- con be darsmitted
i dofingd by Shamen’s chanal mﬂgdj a$

C= Bly, (+5NP) Reslls) Lo b o ®
T by
~ 310 |e9 (1+ o)
- 30;(103 '”9,., 1ot
o M

C _ 199,746 K H3

Oly bk 297, of s Hurebil apechy s i i g
Example : In 65K, R= 290.853kbps and B= 2okite in 1048 SNR.
The Huorztical (a}wilﬁ br sich syshem i
C = Blog (1e8NR) . 220 oy (141073
= 2%0° g Il = 2x10° le3,Y
* loy,, 2

C _ 691.98b Kbps

Onlj abuet HOT. of M Huoredial cafm){j ie ysed T prachie



Sigual Bandails e debihion of bondwidth. chponcls on s
et and. po sinsle debinihion saik all cazs Jpweser; all defiaitons
ate nagswed buged on e power spechel dowsily (PSD) of Hu sy,.l.

Isy a sigal wlt), if we duncade F: w () o | W), TheteT

T
O i -&'5&

The PD of W) : E,{J—): lim I_\LU%__(_g_»)_la : whaye W,(w)= }_f UJT(H}

T=o>

_ Aboolute bandwidtn : 4, ratse of };ew_wdzs over whih ot S%nal hos
how - U0 pons 5]7661'%[ dg:sflj
Bt nill-h-null bandwiddh: o dhe width of H el main echal |de.

KD Lot masa lobe
n Half—;zow bandwidth ov' 2B bandwibth : Ho inkerval befiveen frenuancies,

ot whidh e D has digped 1o half-pawer or 3B bl peak power vl .
~ Oceupied bondidth. . s He. Felsial. ommriaotion. Gromission (F2) clebinifion
it 16 o band that conteting 997, of Ha Siopal pouier, if loses 0S7. of
A signel powec aboie Ao e band linit and 0.57 of #oe sigmed pawer bk

057 197 o057

$a, lower” hapd Lk P o




_ b Bandwidth wih Ko 5D i bl @ cortin leel ovbside i | for example,
45 Ab atiepntion sutside How handwidth | 4his maans Hhat Aha banclwidth
6 thehand when fho PBDis aboie 45AB, and wikon W RDis below CAB Hhese

Ga7ueﬂu't_9 are oufside Ao bund.

~ Dl medisladion. 1)snts @ modubchiey sy ot i clyslul e

T thaJvﬁ sg?r'a’ tan be fafftscwl'&{ % a +nu SeA oL of Sym)mls
o puls . If ewch symbol s 1 ity of inforipedion wih exch having
9 }w:?bilf'litﬁ Leg- 922 fir biaty) | Jhon eack Syibel has m-_—7” Finte Shodes |
and logz ml.

- Tn digil medulochiom, ¥ thare are m pssible sefes, Fhs. mouladr b
alsth S of medulation signale as : S=}st),5.4), -, SM(+)J-.

Then  based an e inforwafior bits appliad fo the meddator, 4o podulatsr
will dwow a prikabr swnal 5 @)

EQIMF[L:C“) If m=2 Ln=(, Hus s He case of b/}ta-y andl S wdll have an9 fwve
sinals and aoch signal represents ene bit of informatin .

(b) I‘)( m=4, 7=2, thgn f\-:lajz"f: Tj—"::_’::ll nis has Y stades and
ol



each svjml repeseats Jwo b of bematien ) and exdr bl s ethey 200 ov ona
(b) TF +he set Shas m sppab , Hhon each symbel (or sigral) 5] represat
mere fhap one bit, [ an fepesodt a maximim of  n=logm bifs of
inbrmadion , A F g2, ns oy m bik por syl ’
_Vaw) the st of shpals in S as a sebof wakferms in o vechr s .
ANy sapal in g v sua can be exprsd as a liwar ombratin of
n orftonermal signals whtich form the basiz of such vecse spuca ard
5 M divengion- The basis cun be. viewrd @5 a goddinatt Syshem for
He qedor spue . That 55, i (e bisig Sigpelle. ave :

f{{{—), 4,), .- 41#7} , Thon ) siral in Mt sk S can
be mfmau as o lincar ombinadion of Ao pusis ag:

5,(4) - S 5. 45()

J-:-l
T bass are orthonamal p that s, #wy are. ar#ojonaf t one arcther in fiauc:

[b@btdt <o, i)
~A
ad each basis Sn‘jml is nama/fa/ 7[7 have un':?l W] :

ol
&ffw&,)
-A /



_ T the sk of meckicbion sipals S has sppals aqual 45 oo rimber
of besis sigpls, hen all o 53usls 1 S are orthaprd b o andhor
I 4 meddbation spnal sk S jus fuo sigruls , =2, e Shate
Thon cadh modulted Syl rafreswk eiher e or zern| Hat s
1+ re});@% one bit. Hhueier; i Hu modulation spmal sek S
hes m. signols, Jhat 78 m sfades, et cach spoduleted sppnal
pregnts 1 laj2m bils per signal (or fjmlral). Thn ¥ ae
compan e fro modulations | the ok with m=2- shefes and
Ho as with m sheles | we zend per siypal [orsgmbe)) in Fhe
firsh- oty one bit of informedon , while i fhu efhor e sendl
nr-logm Jits pec simal [or .fymba}) Se i we Com paile
Landuidths ) Hhe seamd has a bandwidth _r!l_ of Hhe Fist
it maz  nzlhpprsgel, 22mT R D Ro- L.

; el
Zd  mo, n=logmbh prayml, =T, R -



_ S At banduidth  occupied by a medlatd sgnal doctases @5 He
Aimapfion  increases .

_The produbjlty of bit ener s proprtnal fo dhe distence befueen
e closest poivds n e lecloe spac . This dishuce & caled
Yo mamuon. Lisfonce -

_For 2 giten diwansion, 1§ e pedsbfion synals n set S are
densely pucked in e vecq>c space ,Hhon e Winimsm d2hance B b,
Hum Her gebabiliby of bit ot 36 high,ie. high it eror rede (BER).

_Th a‘“ﬂf qu(e / fnammj o ypafﬁhbn méans J'ﬂﬁfw:'g He 533;14[ e_n,@u}

+0 incraase e SNR .
A : % | <
[a}
g % : S

d"‘:".ﬂ < AW",B = EEJZA7 BE}EB hecause SMRA<SNRB



- T diglal  bocbend signal can be kd with i coditgy 10 provicle a particular
st chwndistics of o sopence of pubes bebre. meduletion .

_ Moo such basehand pulses can be passed twough o filler in ordus ts
shpe He sqmce of pulses befre madulation ot A ransmiper and
also b domodylafion at o veceiver. Thic s}tapalp is Used o
feduer Y Nf/fjmba] iertronce (15)  and 0 veddue . modubcton

bandwid-h by 3 | 5kaffaj . This Yenigie i aalled Riee 414]@9
Line coditey soms examples o :

|- Rern sto-22r2 (EL) . o pulees fehn Jp 2o within ciony bit period

Tnprasts dine. ypchyonizmpion but couses spectal widening duo b 2o,

2 Nen-rehvn-A> 202 (NRZ) . e polscs do net retvreto 200 duciry o bit perinl

# dug ok cnchond leads Hash b period

feor s ynchrongodion apbilifes bat mote. spechully effeient.

3| Marchedtar cadis . 4 special fypeof NRZ ) it vses twopulses por bif- paiod,

wik & 300 de compont . T+ pimides supchoniaadion wibont specka wilesie
25 in RZ lhe eding.



Ther line odis can br ity
[. ,Un,'pala( : the a'n})LML lweds are. edhor O or A
2.. B;])plaf ' /ﬂ\.b amplllu&_ Wdﬁ are e_E'HAM -—ﬁr o A

Their Puer sfe,dfal densides (PSDs) .

PsD A
b;}zJur RZ

Unipelar Manchestor NPZ
NRZ

e
]
N
v

Unff'da/ NRZ

(a)

b};b’,af R

T, (b)

Mayhester NRZ

-~

|
A i |
|
|



e shapiay :
- Nywist pulse. Saping, fiHer
Neguist vas s fitst 4o st the [S] problem, he cancels ke [51 by heiing
«t oy wug nstart ab the poier Hhe vespnsc dua do all symhb
exept Ae oot symbd o all eual 390
T hyy O) 5 fe impubse. respnze of Ahe ool pmmnication systen
Han He Nggust ondition mathemafially s -

hpo (nT2)= 3K n=o

D n4o
whart Ty : sywbe period | n:inkeger, &: non-2e aonshoat | and
Fhe_ elechive fransher funchion of a system. an be repesented as :
he ()= DO * pO*h®*h, @)
whate pl) : puke shape of & Sgnds] , h.@: channsl impulec response,
he () : reeiier impulse response.
H ve agme that Hhe chamnel 75 1deal , ho@): 5E), ond simca

He )Mlﬁc 5}1;97/7 75 a filler vsed at the hansmiller 4o %Pc Hhu



e of }m(% ke moduladion ard also ot H yeciver pebose
dimodulafion | Hen e i | choose such Shafits Flfas b besth
be /Hc&(,ﬁ) . So, the r"myA/sc fr Hhe oerall Sjﬂlrm vill be k{_&(ﬁ).
A ideal example for such hog(t) is when

- 7 Tt
— S ( 5 ) -_— 7 Tf
hz@ (-E) - Sin(—7 —: Sinc (’T_s)

(Lf
Te
Nefe 51'9)(3( = (5inx) (.i_. )
o&:’"tfion / \ﬂ}hdiﬁ:?‘%
- 0 ()] 5 e 2
™, o —’T_I-_b—
Ts- =0 s
- )i .;!,.';as%: |
t-o I
Ts
Sine T, =0 79 whm
AN AN ¥

AT 3 -zf,\/-z 0 ?\/; LTy T+ - +all amﬁ at 1=0

Nyquist ideal pulse shape fo¥zero intersymbol interference. 7;

50 +ha 55,;@( dumlim [S:jméo[ lurm‘a‘m) wnll
be afler He pule shaping 2.T; so sueh 4 lher zatsstes
whee Ts 16 P 5‘?@01 Pﬂ‘aal Nyqu,id‘is CoyloltJ?‘ons




-F}_n’ 5uo|f\ &1”‘0(} Hé Fourier Jransﬁprm %

/\”‘{'@U’)
H&(aﬁ): | ’_E'%f’c's:}Lé
0y F<g, f7L 5
T il 35 callid veclnsalos Filker 3 e

So whey e 5\';9;1;;((&7 ‘Sj’"b’s) 1% PdSSml -)ﬁrbub)ﬂ such ﬁ’h beh"-
modulahvr\,}hrﬂl jhayc Hu ﬁjv\oul b have a BW - _i_i (Is ,t)
stmx, wlaen Such shafcd s:’jml (or Sym.l-ol) 15 m&a(u[aﬁb() it
passhan] b i)l ool , so Sha RF prechand bupduichhy

will be.: B - L (T*%s)



2 . Raised woime pulse 5@:‘@. Litler

T o of il sesfes Nyt
tondsfion. The, fansfer Punckon s

h - 5!'1\(]!_"__.1 cos(’r%")
R T

()
275

wwe 02 gl .

e echoegular Fller s a RC filler
wH’t\ X =0,

{
HRCG)= - -('-_*)e-'is(%)

27,

(2T )] - [+
-i—-b-é—-foﬁj ( ii )JJ

1= < |f] ¢ Jer
er\.llszf

\ Q, |aq7ﬁz|%

I
. ;o

IHgAPI'

R,

-3Rf4

.jqz.

frequency ————p 1'?{2;;i 3R/4 R

So whey e 5(5119.((67 .Sjmva 1% P«SS!(J %lmub)ﬂ such ﬁbl‘f berﬂ-

modulaton | i+l shege Hu S4nal to have a BW - =2 Q;’t)

2Ts

Heweser |, when such 5ha'FA <i4nal Cor Sym.l'ol) is msa(u[afﬂo() it
passhand] bandwidth il dowlde, so Sha RF prsshard bagduicdthy

will be : BW _ 1+ (E_—..L)
Rs

T



| Digitall moduladion : can be cagified i genal 4
(1) Lirear  modulation : the amplitude of Hha modulafel] signal varies
lineatly with o modulating disital signal m), since 4 modulation
sipale in Ha sk S sy i M mPlthc .
(2) Nonlingar madulation (constant envelope modulodion) e amplited:
of Mo madulated siorel s corchat with 0. iyitg phase (or fropuensy), sinca
Ao modolafion cgnds in st G vary in Meir phase (of frequancy) -
(2). Combined. linear- and ponlineaer moddedion - She. ampinde and
phase (arﬁ@mﬂ oA He. medulate soval beth euy | since e
madulatin signale in sk S vary in beth amplich and phaz

(laf ﬁqm@) .



Exam]its :

() Linear modulodion -

(a) Binary Phase. Shitf Keyine) (BPSK)

Too modulatn spyrals, S{5,6),5, &)], both wth Ao sanes. anpliide
and o 180" phase spahon . These two sgmale will have Hhe

sans amplihdL ) hgweser, ot with a posihite value and s

other widh %5 megadive , So we need anly one. busis sigral

Por example : 5 ()= Aws(zf++4) )5 )= -Aes( 7T+ 8)

ard i Hu pllses were. Sll\a})fﬂ’ ity 4 RC filler with &

before. BPsk Modulafion , hen affer modulodion 4

B Les o ()R- 0K, (7; Load R, R)

sine M nuodeloted ﬂjm represents, one bit o indocmaction. .

Whore Hae Bpsk  consilahin Aincjrass  can be as:

i
’

' |
- | ° A



(b) Quedreswie Phase S}uﬂk@g (QPsE) :
Foor mededadin 5;'?M[5, S -;%S,C{') ,5,), Sg (t), s, (+)}) m=Y4 and

922 dhen n=legd -2, so we send tup bits of intornadin
pr sigtal (Symbol) . Se we will ned =2 orthonormal basis
ﬁ’jy\a.lﬁ L ﬁzj:resut”‘ the four  maddulodhon SEnals -

for oample . Bmz 4 &) Aas(ZEE) b d) oA sn (27ft)

So we can  haye 0

bt
S4) =B 4d), 50 =B & E), ﬁ
- Béw), 5= B4 — -1

T He pulees were slaafd Usirey 4. RC filler with & betore
QPSK modulahion, 4en after modilodion +he BuJ :

BV\/: Jros I+ (H—ot)g (l+a\)_g|,_ (T JQ;) S-ZT £ _.__E_)

e

snce_ aach Maduloded fd'jm [ s:)rr%l) rcfrm\fs two bifs of ntsomation.,




(2) Nonlineay modulation (constant envelope medulodion):
(4) Binary ﬁms\;ﬁf@,—@ ( BFsk):
Two medylaten sifrals with onz ks, fov example
5)-A ws | zﬂt@we) ) 5, 0) = A@s( 2 (f. - 05 1)
whate M 1 4 onshunt obset foon Hu. corrier 5’27141,(/%7 .
T e modulefed sgnal was Shaged. vsie) an RC filkr it
&, thoin Yo hansnitied Sigre oufter BFSK vsine Hha tuo pessible
moduledion sippals will hate a BUW

Bw - ’_?t"{ + 2Mf _ (]-HM)PS -(—JAS-:_ (I-Pq)Rb?‘ZA:F




(2) Combined linear and pomlineer medhddhon >
(@) 1601y Qousdrrhye Aptitude Aodulaion (QAM):
hae we hace |b sixles , m=lt . Both Hat amplifude
ond phase of He modulodion sinale will vary .
We wll send 4 bifs of informaion e

pa’ ﬁ"jﬂpd [éjmbbl) , we need anly

buo basi, siae bt Hue anpliude and 3 | Vs
ad pluse. caty inbormatit), for exompl

b 1) = A s (2TEE)

b &) - A oin (27 4)

and 5. Babd) L Bh&K) | i)z, b

and (2;,b; ) are indesprs choson aucorfiney 1o He lecastion ofF
piticdar supal point on A andelotion diagream. above .

Anoxamgl, (ab,) | (32) (43) (43 (3,3)
G20 (YY) (y1) (3,1)
(-2)2) (-1,-1) (4,=1) (3,-1)
(-3,-3) (,-3) (4,-3) (%,-3)




- Spread. specituen madulation Fechnigurs :

Thist decnimes vse a Jansmission baclwidth Hot s severed
orders of magnidude gredber Hhan tha. minimom rguied  simal banduith.
The systcm vses the samae bardwith for Moy vsers simubaneasly withoud
sipificany inlchering with e anothor.

(1) Diteck sequonte ﬁyrmf s [(D-55):

This ﬁylm eyrmd,é o bogg band Aata bj dirm@ nudh}lymj S
bathand detg. pulies with %;mm (PN) sequence. hok-is produced
by & preado- noiz. e gngedor pebore  modulation.

A single. palse. (pr symbe)) of . PN waithorm 75 called 0 chip.
Ab Wi reaiter, Hhe sprad speckivan sipal s demodulabed Fhiomah
cess-otdation with o /amllj«WJaJ version of Hu_ PN seguonce. .
Comr—cotddafion  with . cotleh PN sequance dos preacls fha s pread
speckom sipal and restpas He modulekd s3ual and hon it

d&#ﬂaalzlahu Howufe/r, aagﬁ—mrfclaﬁﬁﬂ? Hu Sx‘jm( from an wwles‘rd



Vser with the incorect PN Sequomca resulbls in o very small amant
of widkhand moi- of the yecedier oupt.

(2) Yequancy heppiney spread Gpechtiomn. (F1-55):

iz 5js\tm chargess tha hansmission ﬁazwcﬂ F”ﬁ‘ac{fcaly. Tha kqmj
hogpiny sisnal & @ soquence of modulated detes with Fime-varying,
pstudo-yandom  catfivn Fequercies . That 5, e oot s st by
hopping Hhe. - cartier ﬂquwwy S 5eemmj_19 yandom cpannoks whizh

ate known oly > #ha desited  Yeceiler. On eadh channdh, some

dda 15 sud before Hha chanmel heps again.

T set of pasifle carvier fegqumcies s caled hepset, Hopping,
bocurs oVer” a frequuncy band that includis a number of channals.
The brnduidfin of M spechomn sver which ke hoppig occues

b called M ol hopping bandosidily . The. banduridth o a chenm
vsed in fhe hopset 1o alled Y lineantanesss | bandusidth.

The fime  durtion Getaseen hops is called) [hep Awation or happing pesizl.



Preauncy hopping) s dasbied as fast or skew -
_Tud &70@3 “lahpffg ocewrs it thae is move Hhan ona
fequancy hope during) each transpuited symbr].
Slowa g hagpies), ocowrs if one o mare mymbols are
fonsmided 7 a hp dundion



_Di\l&fe?% Techniquas :

These fechnipues e e randomness of radie prepasadion by
firdivey irdapenclasit or bighly uncorated <ipal s . Siwply,

f one. yadio path experionces duep facdive) then ansthor iadapendont
padh. may hase s}rorﬁ signal . By hotits) ore hon one pucth
bith e slandaneovs and atermge SNRs of Hhe vecviver ma
be improved.

- Space. divecsity alio called | antenna A‘\m@ 5 one of e
most v forms of J;./@re.’& N wiveless sjs)mﬁ

for swall- scale and luge-seale fading ) mivoscopic Aty
Techniques and. macyoscopiz diversiy fechnigws can be wed. The
mirosepic diersty kedwiques can be vscd at fha mebile
sk whore Hhe  signak s reaived bem spuialy sepeded
ankernas on Hhe mobile with sepumtions of one. half- wiavelengih
of more . The macioscopic A«‘mi’{y fechniquss con be wsed



at the baststabon yhate Hu teceiyirg anknias are. sepasdel
on Pe order of sowrl tens of wanlmsths .

Spuce diuers;b receplion methods can be clsstbed as
() Sachon. diversty

Thig i e splest kohm‘7m,, m dumodulabovs are vsed
b provide m diteaily branches . The gain for Hese m
banches i adjsked o provide Hu same. aveagel SNR for
cach banch. The branch uith the. hishest itantanesis SR
% oneded b the demodilator. Tio fime of Ho selechon
ami}fj i shorler than Hhe ecipozl of he sial #m% s
Thiz oLaclmI7ua veo W begt of the m recoived sgpals -
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() Fudbuck divrsity or scumning dijersity -

his 5 smilar 4o selechion at,mg;Jv exapt that nskad o
vaine) The. besk o He m sigals, Ho m sipnals are sannad
n & bred sequonce kil one is foond to ke abowe

a predefermined Shachold . This signal is Hhen wezived unts!

t fllo below deshold and the scarnivy process is initiakd
ogain. This mudfhod 5 inferier o ofher methode s howertor; it
% tha. 5%})@5’ and it fequives a;@ one. veceives -

Antenn¥ T
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f
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»
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(9) /Qa"f/"'ﬂ-{ .fﬂﬁb ,CDM/)/?U@‘ .

Tn Wis methed, o sfjnals from all e m brancdus are
w&g}r}d ﬂaora(fnﬁ do Hhes ndividual SNR  and Hen Swmwmed..

T signals must ke co-phascel (have Hha. zame phase ol dekere
beiryy sommad . This combining method produces ar
ot MR equal o Hhe sum of e ndiidual SMRs.
Thiz wil) }Jrod(uw an ovtput with aa@f}nble SWR ewen

whon pene of Hhe individual spals hawe  accopinble SRS,
This medhod oives S best reduckion of fadivg -

and

Sum

Ym
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) Eqal sein diversity

In this method, e brnch  weightz are all sef fzwwﬁ)j
and P SJ’jmJé o each branch. are co-phased  $-
poovide equal 44 @mbmiyﬁ ab‘wsEJj . This aflows e
lecesvey T yst Signals Wat are szm/)uneousfuj veceivesl
on et branch. . Ths thed wl also producs

o acceplable. sypal hem o nymber of unacceplible
siepnals . The Performanses 3z slightly nfeisr 4 maximal
raho Combl?lffj and soperior Fo seloction diversily .



