Unid -4

Tohoductian

lWivele 55 NQ-!_-umﬂe'.ngJ

Wwiveless  Netwayks ave (‘nmputev networks hat are B

Cannected by cahles of any KKind, hat Lges wnveless data coonechans betuees

Netwoyk  Nadeg

Hiq+m%_1_ oF biyeless nohnoyR;ng

The h.q-l-nm of wiyeless no'}um\'kmn GnOQ as fay back as

me 1800 s_uu_ua_ale_odunj;af_deLmus;mp_&pmoﬂ—a&mmiﬂhmmgs&

Qrow throughout We years and expanded to whot we communi cared wirh

today
a

In 1322 o Waomburg [npymong bayn phnégngm% named Weinyich

Rudof wWeyz pyaduced Wie fivat yadio liave evey Bld 1994 tis yadio wave

pyaduchan - beceme o way of cammunication Telegyaph wnves were used ko

yocelve e yadio woves in Signal fram. Herz apened the way {or vadio,

“

+olovision and yaday wirh his discovery of elechamagnetic waves.

In 1384, Marconi Sent telegraphi@ Signal Quey a long

distance _acynss the Altandic ocean which Tgpwesen!—s ek qi-m)-lng. Wwireless

(ommuni caFion. IN gmuﬂ. ears e woy of Qignm madul akion_was amplitude

madulation, S

Tn 1935 ﬂvmghnng demanstroded  ihe pneSihth-laj Cnr

o it ] | gty

frequ ency racdulation (Fm)_ then Fn became the moln._moaduladan techbnique.

Dlm'ma cocond wayld way  Yyaday signal was used oY

survellience. To lake 13ua'a and 1950's cammercial use of ane woyjor dwa

T,

tay  ¥adio and telovigion  was veed. I ST T R

10 19%0’5s the  cejlular_vadjo._and pevsonal communicadion .

began o Qccelﬂd:@._ﬂmes&rrhﬂsawtne__be 1onina_af fivs: _genevatian ()
99%+9rﬂ Successively his System IS upgmded hg bandwid ™. dada yade and

Q ey ’Fﬂ(th{‘” yepresenh ng 2,3k and YN, I




i
|
|
|
i
- _
e

N\ Lty e T, - :
o _ o ’
Al halde NRES— i ireless_ Comm unicaken /
\
_( ﬂlﬂ chs hnn,eq_-...._.ﬁ,
- l‘lﬂ-umﬂd .
x/ %
— 7
7
o
e g Vo
{'F"'lﬁf.) ‘/*Mc-( ’r} I15C - obhile Suidching -
/7 \ | |
/N /
/\ N\ A
N
\ N\
M m V\ V\' BS downlng
( ( f\_ forward Chennel
3 b J J

; | e ; ]

o4 RS

Ff%-_- uiireless cmmunication Netwovk
The Chnﬂpngm foced in wiveless netwovk are
- M ultipan ngngn}mn

- Foy wireless communiColans the tyansmissian medivm s

. _llihe yodio chanpel between tansmittey Tx and Yeceiver Rx.The gigoaon

—— \get fiam_the Tx to fx via o number of different prapagation pams 10

Jlsome_coses o line of gight(10s) connechon ymght exisk bebuwesn Tx a0t —
R or e signa can_get from the Tx 4o R x hy being veliected abor —

did ;Yﬂdid_bg_dlgﬂm@mymﬂﬂﬂ_oh_pcks (To) (0 the eavironmen TE
{numbey of mwﬁ_pomble_pmpﬂgaﬂl_mmuuﬂ_ngﬂ_Mﬂ'

pohs_hoe a distinet _amplitud e_,.d_elmd.(_ma{nme_af_m@nm),_du.&

deporture  4rom_Tx and_divecHan of arrlva; WMWV

lnents. hove  diffesent ._,ﬂh_QS,Lﬁhlﬂ'S__NLHJ_I.MW
IESESE

e ——— TN T S — - g |




1 O
{;’k&/———

P
_,.___;’_.'.,;}wgpzf;rvm lion 10231005

Joo C{\c_-c-i_-:gm avonahle ey tnplogs commu cQloNg

__ Seryices 12 bmded aod yeQuiaied by inteynohanal ngyeomems Foy Hhis

yeooeD) Unp Spockrum Y05 de wsed ip Q h;%hi% elficient manney Tma

GDIsarhes Yo wzed ° yoatiated T.ﬂ.u:_-;-_'rnm an\gO wibere Q0 Q.'nn'm Detwar k

Cperabey NGz cootis) Qyey ¥ne ucage of ¥ho gSoochyum aod umpammad apedhvum

PNe1e farn 13%er con hansme kot gdddiaonal ool GS lnn% oz _he

- Cemgies wiih C(odtnin  feshuickend on e ©misSion Douwey god Ddodwidhb

dio_ea) hmrh:i 5(30!?1@1

- T‘mhf 190901955 Compaunuw0kanS YOQuives nNor anly bhat the

il

Grra0yion  ie Seat tver e air (Nok via Cables) but alsa Yhal e ts is

Bouored 'h‘é— 00e-uiay oY wr’nmgmhm batlevies oWoywise .0 mg toenld he

fizd tnme “wive” ol o powey supply  haoberies in hixn impose yesbrickions

Log he Qeurpy ﬁnnaa-:m?-}-mm of the devices The yeaquivement for smau

Leneygy conSimoedan yoSuids in Seveval technical ionpeynkves:
k<) :
L> Tho Dowey Gmplliers 10 bhe dryamsmitter  nDave high @‘;'{}CEEO{%__

el

:L> Zoanal mrpe.%m% tmuyst bo dane in Go Pnrrrmd- Q(‘lvinn ManNey
T Ig

Shonid be ugod ooly when yequived

ﬂ..-f) 1 Qg xain

) ene‘rgid
Lorrnr celwing Dnaoes gnd oven Mee 5 far Sepsax nciu-nmlﬂr;’ an_efficent

“S#mdblg o ummpb mndz has 0 he doﬁned |

_fxivose limded Systomn
m__g%s&m_g_nmurpd 0 _provide a Coxlin 1N MbM

l'l(,ll i FurD YO GUIYRS Q mupimbm

—

Bia00 - $0-3inise Yaho {eap) ob yoreiver RX . consider Nom o situchan Uthere only
v

o
—
.‘

10 Single §S Lansmic and 0 mgbile staran(ms) yeceives: Wus Hhe Do‘f-pmmnnrp

the Sy ie_deexmi e Doise. Ag
i _ﬂqg_s:g,sm_,g.ﬂgiﬂmﬁed_aﬂlg_hg_ﬁzLuseﬁgg S: gnal 0nd the DO
i B S fmues__fauﬂa_z(;ammd_ﬁnm_}ha gs, the yecoived Signal potwoey

7
J




I . ’N
idocronses gad gt 0 cedain disdene By Sy dee ;W
' '!!F equired thesteid dov yeliable (emmuouakons TF“‘*'W
4
AP

{ uﬁ!-pm ‘o ﬁmgp_w_’_pgummm e oo cotl L

il el
%]:Danmd;na_m_muimmiabm it ic @t mud nuce
_g%nm_wm_ﬂmLmads_bJMmmmg

3
_ _(sr)_.? rteriemne hmidod systoms ——
{onSdey Now cace ot e inteyleience -

is &pn ¢
sJ (nmmohzlu domina¥es the oelorman ance <o at fho HMGE_K

e apom0ximaley dam’ﬁi.hu_q\
4r.mp with vodiue & gad Ceater ot lecatinn of 3. Furbheronae fhere San

nmi;gjl:a.ng Tx at distonce D Hom o “ dociyod® 8BS _ninich Q00X ey of e

1C'.nm£> -Iwﬁnonru and _with e aame Hanam;-r Deibey. Yam: !r-rd? dr'w;g haye

"'!-r ho ;nﬂld.&r_h_gsjmw‘c_% -}rnnqm-f;f;mn mmh%-u 90 7. rJIL.mn
-(‘lqcnmaﬂ_ﬂ_h‘;!_q!-_gm S is gt he Coy bmmnmu (tnnyst fa%ﬂ)? The Computations
)

!-Fallmn tbhe Link hudgp_-} comoutndians af e revians Sechan fg q fiyel

|Gnnmx.mn}.gn uie tyent the inforence ae lnaussign, Thisg aMaul us +n dyeak the
g'm'i'DrIPrOg(g 0% e qui
f

wvaleor 00is¢ and  mimmum STR , takes on e Same

values as Semin the aoiee -limded case
'

[
1
I

=l Ar L

noaic{&ﬂ \:4- RS fovey gn Qveq Jro)l Lok

fu.l m.wlosq Channol

The wireless  chanpel exihibilg many dif forent Toms of
Chaonel bimibadigns cieh as_delayy .ntwfovonce distorkion and poises.The
— mh‘ﬁm—ﬂﬂd__dﬁiﬁlhﬂm:];ﬁfﬂ mulhnhrmwi_lﬂ_ﬂﬂﬂm’_ﬂlnma_wﬁl————
— c““'“g Lavseg MmquJMLammamﬂ The addikive noise iS anch® —
0500 be 51 payesged by fittering but the “in-pand” peise wil—
. Skl n"”"m"—ﬂmﬂg_ﬁl&_s@m__ - il

L

problem due La

af- I




lvidH s oy mnh'-li—lnci

Hn'ml'.-}u \S_an inheyept -rpmlmo nF mos+
\mnmﬁmi (onqoouonrpq fax %u%)-pm doqmn v
Qp’ed:mm tiyeless c-.uc,}omc. Qr e

wiyeless Syslems
- dhe linided _yadia _

ﬂogmnpr{ Dased an ine cellulaycancept foy

laxge oumbey of USey Wi th Commo
ge Y unlcarion

e

hos ils

-c'mmmnru yeuse 4o mau.do

Seyvices. B Socond effect o nm#.cmmgi
- o Qgei—nm has + koan

l LyTf Wheve is ao
|
Rs1f an S Maves qcyass a col)

Rc,’ i0 Qydey Wworde

l The MS is honded avey {yom one Rs +0 anather. Such g handavey hos
14 be novmrmpd tw ithat 1n+9nUDl~.nn he call;as o mattey of $m4- 1+
Sbhand not be nsticeable at ay 1ho vaey.

The communication behieen 4yoansmikhey and _Yecolvey can be
uiewed gs takng place in 3 layes

Phys; Inue¥=_ actual Sigoal hanomission and Yproml.nn Occuys  heve avey

o mobile 0Sey3 in Colulay Su-‘#pms
at any dime tbich cell 0 psey s N -

incaming cau -Fmr a_cedaip MS (oser) the nekwark has 40 know
10_Which cell o ugey s lacaded .

——

bmlnrlmg, o dd{eent Bs becamea e .Cmvvlma

S

!
L e prnpﬂ%njinn Channel

(5} :nK lg“el .~ Qutpu} $om baose stakan Wit s associoted mith pawey
j Conhol, yote allacalion and evvor condval

8 i | Er

[ —

-

< (i

T ———

s
-

-




1 ‘

_zti_hmss_mmﬂmﬁm stondayd

L _fpsyelesS commud . CONANG  System gk how ~heeagn

tamehme Ore HoSe of the £Lic-‘}' and _LLLJ_LQLL‘,!LI)LIQ;]_;&L]__‘H)
-

[¢
;ﬁ Tﬂm;m@rﬁ: L"

/ /

ihird  geoesndion '-?uf;k'ﬂ'lg mve musn Cuwyendly vodey depiagmen) ﬂuﬂM11uL

# 40 owobie. . , — ——
i | —
B . tln L‘; In 5 3 Hq_‘*!inhxﬁ__m
: i 90 i Qoo 9o
:qpm vgy — Analeg __ Digika | Digitan — Digukayr |
_ {agdutaken En Bpsk  GPSK, . QPsk, AAM _OFDMA
[l |_Inmsxk [f — s
o - : 4.
Ururtigie FDna | EDMA_TDMA | (DMA 1IMA 0EOMmA |
| i Ages : (DmA . S
;;fgupgmﬂg ? EDD FOp /10D EDO /TR0 L EDDJIRD
L Leivenid thkh;ng ca /ps tpn[kfl ; PS
r Qwitching) I -
: .
S ervices VYOI Ce vaice + datQ  lvarce+ videa+ ugl_g,_h,ghapgmi_
lj data d_al_a o
I
{ el provided  [pvowvided but Pyavide d _prny.idﬁi___.._ -
__;J,_Enﬁmm.g_ }
t only SMS — . |-
I -
lexampie AmMPs ETACS,  [lasm,I5-54, |uMrs, (pmA * _ITE_ :
i
iif[ NTT rs-9s 2000 ——
q —— =
——%Emi_bm_amﬂn celulay __gu‘-:l-vm -
i
! L‘Eﬂi_g,o_aﬂmﬂan_c_auulm_stdslﬁms use._on alog —

[F for Speech hransmisson. The individual calls use diffexant fveauenaes.

%'.
———#ﬂﬂﬂ qnorhnm \rh-mtmh FOmA.
i

i The yodio igteyface +0rhnnfnmd| of e ﬁerganumraD
tuire1@ss  conulay Systems (AMPS_in omewen , ETACS in Euyape ond NI

7
/]

'i I

i

Share the ovailable




claagsmats
t-) — C«
e | RS S S | e
i__ Region | America ! Europ.e | Tapan
;__ | Pavameter 4| AmMps f __ETACS. | NTT |
-___ ; Multipie AcesS L EDMA ﬁ; EDmA - | FOMA i
' | ____EDD t EDD [ FDD T!

Dumpﬁnn
4]

,___.__‘L_Em.mmd_ihnmm_?ghq -394 M

Q%25-9hno MHZ

' 91 0~ 9%5 MHZ

[
189y - Q49 MHZ

| 990- 915 M4z

995-9Uo MYz

'.
UReverse channtl

= Erhannol spacing 20 KH2 15 KHZ 25 Kiz

i | Datn yate to Kbps (Kilohits pey 2 Khps 0.3 Kbps

- ; Second)

___ Isperival

- ] emnm(g 0-33 hps /Iuz 0-%3 hps/Hz 0:.019 bps/Hz
”rnpnrd-g 229 (haanga foang chaopels bon Channes

The Second gonma}inn collulgy

erond  Inenevahian  celulay Q%Ql-pm

Gystems are Compl etely

dfgﬂ:-nl,_emplr\gj_ag_e_wmv TOMA 0y ¢OMA ag the mulkiple occess technology.The

d:gi{-m -]—orhnnlnng alloms gyeaey qhming of e vadip haordwave 10 e

-

hoce ghahon (mong muikiple bseva and provides Q lavgey capacily t0 supparl

. maove DseyS pev bose wmmm_mﬂmmg_sums_w

q;ési-om

5 (i)mxxhzr_u.L_i.tﬂ_P_gm:l‘nﬂ__luLHl_bQ punluine di%]{-m Wiy eline aetwayk

(3:) Elexibility fov gnppnﬂing muHimedia Seyvéres

(i) Flpmbil‘.hd Lox rmr}nm«ig expansian

(iv) Roduyckion in RE [(yadio rigqnmra’_t tvansmit powey

A2 (v} Eﬂrmn}mn foy communicadion nyhmﬂdl

[m)ﬁedurhm in %s-lom mmnlox.J-u

0

'Thp,__m.dm_miﬁim.e_:tuhom@d_m_lh :9_gystem 18 shown

table




¢

SAsssuts

' E Q Tapoan

W_Regial LS uyap! f _‘“M.Ls\
Parameke 13- 54 Jas EE Tl

| oMA . TOmA 5
rutiple ACCesS TOMA o il ‘LDmg\l

Quplexing EDD EDD | EDD *\-EQD\
rLod LN en _Er DQPSK lDMSK | Hq NAQAPSK MJ\

|

Eornvayd _channel | 86Q-894 MUz | §35-9b60 mMmyz L 210-%9bMHz |guq-

;

Reverse chann®l | 89y-949 MHz |R90-316 MHZ 'quo—_qu MUz

i

chanoel Ggmnng 20 KHZ 900 KNZ 96 KHZ
Dotaschip yale 4% .6 KbpS 210.233 Rhpg 49 Kbps Lq%
apeech codec __\:
yate $.95 Khps 134 Kbps G- % kbps 1:9/9:4/4y
94 ihy |
—

Thixd  (nenevation collvlay C:Ldtzlpnn

Third deneintian Standaydization actividies weve idie)

in_Euvape_and io Noylh Amevca undey vegpective nameS ThT- %000 and
( p f

COMA -2000. TMT-2000 is wideband direct Sequence Cade divisian mulHple

access (Ds- comA) while (DmA-9000 18 muHi CaxyieY €ade divisiaon muldipe |

access (Mc- com '

two - way dra nsmissmns_mm_ﬁequmy_mmmn

s lil(olg \hat  the

equipped_tuith infyashyuckwe +a anpnt{ Pevsanal Cammunicadlan

(pcs). The netwovk in{mqhwo Sugpmd- will {nclude

(ay Poblic land  mahile netwarks (Prmnsg)

1

(b) Mahile Totevaet Protacal (Mobile TP)

| |
Cclwiveless nQLUmchmnnnR ty ansdey made (WATM) Oeduweyks ——— —
(d) low earth avhi (LEQ) Sadel))ile nekinayka.

al



Impact of high {vansmission vobg |

L3320 _ewe have N Lgher tvansmission vode 0nd suppalk Hi nuimesis Supm,

——= e — e . — —

L Lgh_tansmissian yade moeons e bandundkh of SN 1 b J.w,}m b
Wwith coheyence  handwidih g[-__p,m.pggﬂhﬂn__L‘_h.unﬂi?l .

Ls(ltuhen aignal bandwidh_is. large compored b heie0ig s L !,'_J).»g,mjg/ |
differont -Fraouonru mmnnnpn_ts of Sjgnﬂl L) $h ey etk ’ﬂ;lw/wﬁ J@d"i,j
chavactevishics e —

LA hasic ngpmar_b_l;a_cnmhoL fmqunmﬂ_.__amdw fmmg & 10, Dawiss) W%
Sigaal nto r‘nn‘hounuq —Fipmmnra hoods, eqoh of whieh 15 D011 LLHDeA Sk
CoheyoNCe hﬂndlﬂldm of Channgl, _ — =

Lolleach of gignal components 15 then modujoded colo d;aﬁwmi S4b 18 0.
Phe_%teﬂﬂl_ﬁaﬁlpmm.lzs_ﬂmm_avﬂ_}hﬁ_dﬂﬂﬂﬂﬂ 0 QOOYE. S0 Roch 4
Sxonm mmnnnpn{'% (Il Pxnmoﬂc@ nnnmzucf{l}; ug,—_}gd;n.& S N

0 Quq-ham canﬂulu and impad of vser mobil &u o

To qumm_biam_ﬁmamehazmrmemd bﬁﬁMﬁﬁlﬁl b .

QUc-h)m needS +0 be yoused more nﬂm . ~ G

Decrensing Coll size OMllows foy_q higher degmg_gf Juauxmq, AUk, éo 20

Suql-pm r*nnnm-Lu L

ance hond&wwmmmmamﬁ,mmm@m

within the colivlar Qryayy So tholk messages _can be delivered 4o b in it fewl
locadian ii—

Bs o vosut a yeduckien in cell Size -lmmimaq J-ﬁ_lm aum@hmd.fw_mﬂbﬂéguu

fnnnag.pmon-l:- 1n_Yho network _ e S e ——

B PRt e

R ——— T T ————

- T — e —— e —

e T T L -

e ———— o T —




s
) ( mul: T e S e EE——
Wiseless Channel . CHOYACRRIZONON . | o
¥ MUIﬂn0m__pm_p,aﬂﬂjjﬁ_[_‘J__éﬂ_['llz,.llﬂ!ﬂf.:ﬁ.ﬁﬁt’-—-:-m--c-:~--a- e
o Mutipath o Yoe Propagodion.. ononsmens ) }hﬁ IL504,

in._yadio_aignas *r@_ud;mg__me._m_uw,ﬂ.ﬂ_‘.mLum& n;‘; Yo g4 _gag
Y

1890,

and m&mﬁunﬂd_mm_dmﬁ_{ ‘L&MM_GJ:.ﬁq an.d.._ ,mu 194 wa j:b

cuch. a5 _Mountaing ond bujldingr; L

—

The  Wireless pmgagmmn channg. contaios Gojecds

(pmticles) which mndamna; acadter the energy 6o dronciited s;

Gcatteyed Signals_ Qyylve ak _tho deshinakion veceiver auk of slep . Thege

——rr—

Ohjprlq/pm:kfleq ave yvefovrod 10 as scatlers @r'r}-}}omg }'}1?1, *mndmm:j Incebod

ccatteves QIVES YIS 1o diffovent mH{ra wits diffevent paf lenghs, vesglbing

in_multipai dqlnu cpyoad . A mulkipath sduadion mises when 0 Yvaosmited

point  Souvce 1S -fcrmo_d 040 __mulkipoint Souyce with ¢qch 0f e m*i:u:ﬁ”lu;

Yeceived painks expeviencing a diffeyen s Hansmissinn dglau The ‘FO“(’_ﬂu"Jal_

LQDYG 9 Q view rrf QCG:H'Qrmn phpnr.mmnn

] cqtiems d

—" ﬂ
Ny

= _ e
—l——L Deloyy Spread
& i 5 — . e
s Fay 1
l I
- Tra0s0m it ey Rocolyey

EL%_:;KLU_H-ipnm spread _due +o channa Stﬂiﬂlmg.—’/‘""“

' 5 -__/QJ_
—————Multipaih__capse o ultipash_intecference including co nsiyudive

distruchive —interference ap Qhﬂguh&lmamﬂ&gnmw

Cavses fading ~Where_mogniludes, pf g gmla.cmme_bg_umﬂug_W

|

distributiap Kpown.

-5 Raylegh _disk, wubinn /-
MUH.IPGH'J PTOPQBOMOD can he Chﬂ!:ﬂw;zed bu ‘EU'DQ di{;p(“lswn and 'FOdrﬂg




classmate |
Date

Time dispevsion
when a Signal honsmitted  Yms gignal Can snffey g distnylion

cavged hqd veflections and Scadtered prapagadian paohs 10 Yne yadio channel

and these phonamenons cause What an ‘dendical Qignal arvives ak dif{event

bimes ot s destinabion These diffevent +imes are due ko the Signal_amves

vie mulkipahe and in diffoveot incident angles. The dime diffevence betmeen

the awvival moment af the firstk mulbipah component Gad the Vast one 1S

[‘nuad dalmd g pvmd

Asg mmhpmh pmpn%n{mn pn}b% have d}ngn)- pmpagaknn

delays Whe tvapsmitted point Sawice Signal s veceived as a Smeared /

widened wavefarm Nnnnupﬂnppme S cattereys give vise to diskinck poultiple

paths _uthich ave chavacterized by theiy locations in the an&}mmg_mgdium

The Janmuing ﬁiguw is af ellipgaidal pm-l-«ngm of scattevey locat an where

Scatteveve ave lacared an ellipges wik Yransmiter (Tx) and yecelvey (Rx) ag Whe

faci, gne elipse is gssocioted with one pai lengh. Thovefare Signais veflected

J')IEII scattoyes lacated on the 9ame ellipse Wil experience the SAme Pyop agadior

rlolmd The Signai Components {fram thege muitiple paths ave 'mdm}-m((}mr;hnhle
f

ab the yecevey. Signals oot ave yeflected bb‘ scaHevers located an different

ellipses twill ayvive af the yeceivey wWikh differontial doays.
g caltevey =

N Z EL -l;-lligqn'.dm pmJ-mldm of

S - -
\ — s -\ iy -
N \// A acl+evey Jocadian, —

1L e maximum  ditferential dglmé Spiead ia Small compored thith the

Symbol duvatian of the ernqm‘.Hod signal, the channel s aaid 40 exlbik _'
flat ‘FQAIHS . J

J

~
|



| O h 1

— = s e
I y mpared. (i Wyo &
L peead 6 larnﬁ La a

1

_L_Luﬂerm_Lhmnﬂ_uhnh;L_{JmuemH;Lmnhme__Euqu —_—
L’\I 10 Kie Hime dnmnﬂ ihﬁ___wuue_d,_ﬁ_tgﬁ.m.).ﬁmm.,,pnndlun |0 q“ff—"‘s&y_g\

hiﬁmnim, lod Symbals unll Quprlﬂpy_%imng vine to a lr!.hmanmnnn%

(1a1]

L)i"ﬂ?@ %Men&u of 181 increases wiy e tudih of

—
dQ]md S e ad LCJ\

!ricmad;'* Hansmissiod mavﬁmmnnrp and chaonel equahzokinn 4echg; e,

LQueg

_J.Lo_a_hp, used o Cambab T3T .

} -

‘ _
* anri;nrr}

—_—
I

Fnd.n% s the doviaban of e alleny akan haot 0 Carviey-

_{ | mduiated rololnm munic okian Gignal expevienea ayvey (ortqin Rropagatian

l when the r{olr:m didfevences O0Nong  Vanang d:Qan‘ fropoaatiog

- smmj e vom aonall rnmnmarl Wi We %umhnl interval ;nj}m%nl

-~ "HC!J'\:m.H-mn I—'no coultipaiby Companents ave  almash mdjs’rinothhUHQ o he
|

rarm:rr Wh%?_mﬁ._amb_(_nmpmanh can add conshrurlmuolu QY dpqhurhueluL

_Aag ] COYYIQY ltvonuomd and dolr_lu dfforonr@q

|
__

? As__the mabile  atakian maves, Me positian of each Seoiterer

wuih yespect +0 e dyansmitley and Yecelyoy

’fpgpd- 5_ha e veceived 4ignal
- ],phmnmpmn S _called -for{,nﬂ == Oais
,_1 considey_ Yne -}mnqm.c,v..nn of q f-‘;.nol@—'f'nnP sipnsoidol Sigod
- AHJ_{J'_.QUQD%_-&_.Q_V_EJ 0__CRanpel with +wo d,c:+inck paths as in 1010”“’—-"“‘"

Lﬁm“ﬂ{j’ two_distinck paihg ~00e_pah__(withovt the d@)cm of lhfi[hﬂ?-ﬂ{‘

gnt)_wmqp diceched POM 15 agsumed o he zmﬂd_ammﬂ_pam_w
H'I_Q__d.ﬂla.y__ﬂ:ﬁ.nﬂ ﬁ_)JﬂP_G:EwQ lﬂhi_(. NJ.Q_S_LhﬂU.Lnﬂ_Y.&flE_CLP_d_D_ﬂb—-LH/
———’-_/
gl i ——

Moy cha nr3917hp oveyall

leve) ‘C]llr-J-H(‘H'G.Q ankh ‘Hﬁ‘)@, thig

/



() b, ’
T /)
B e e et e e e - shaiy
A5l )
e i s . ?ﬂé_... o
Hgtos (zrrfu z)J "y
Tvonsedber, T o Budven, BA
Eilgi=hanoy wi. ’me mpm;cﬁjm 7T —

The Yﬁ(PlyAd_ﬁLgﬂmHH e absence 6h-oeise Luo. be. ;¢xmn£zd a5,
1=« coolomf by + o Jos(2nf -1y e

——luhere _of ond o, Gre the ompldudes of. Jbujﬁqam__wmpmmwu{tm
he two _pame TO%pacl*lUOJJUL"Ibg veeived Signal can cs be vepregented 05

Y(B) = ot con (9Tt 4+ 7 )

Wwheye
7 —— Ea—
X = _\Q_"‘ap oAyt 2 o, (05 (2T )
Gﬁd == v

z-tan' %, Siﬁ(Lﬂ'_;[LL)

A+, 00 (rmf )

Wwhere md_im_amphmia_md_nmﬂ_ﬂ_mmmd_mgmj_ﬂm_

ot and @ ave fuockions of &  of, 0nd T

The +wo yeceed aignal rnmnnnmi&_add_ﬂnﬂ.shuchyﬂy_mhm_{tt_ﬂ,.%__

The hwo yecelved Q.Mmﬁ_mumma_uw

The mobile stodion caves o of , and T change with time.The veccived sigoal

nmnld-ude « aod_phase & aisn change tiith Hime. hen the Signal (ompooeats.

MMMMMMMWL&WMMM%

¥admg_mﬁLumo.u volue of ﬂmnl-thP (> §

I

vt

|

s

ot TR e e AT e AT = 4



clasgagt,
M__'_""-ﬂ—-.__
———
L M -
S P . l
3 —
i p——
- St < 1
o
B iR —
f o
K. _ ~ § & -\j
LI - - _t""“' ”""‘5* S _.ml
| wl n e \
L T }
— e B |
—— 0.3
— ~-r- \
| Fia - Amoibude flurlnn_-han_nvl: two path channel Wi h Q’:EMZ:J\
e U L L L4
- —_—
¥l )inear Time wayient chonpel mMmadol e
K s cansidey g mulipay pmpugn-l»'nn envivonment nyh N
B distingd Scadters, The palh_assaciated gy the o™ distinet Scaiteyoy ig
!‘ chaxacteyized hta. bwo tupleg (cx‘ﬁIH;'LﬂH:")) wheve o, (h YeDvesenks the ]
amplidude  fuachiapn iotyoduced Lo dvangmidied Signal by a_scmterer qf Yme o
- Libis the nsgaciaded Propagahien dolmd and A=49 ... N

rd

Consider Q. novyamhang sigoal X ) byoasmidted ayey e wirelis
.J:hﬂﬂ-ﬂﬂl—ﬁf_n_c_mjlov ‘FYOQHODI"Id! fc such _lhat

X ()= R xt) o) FTHct 3
lbeye  %(})

—

iq_cnmplpx pnuolnne‘ﬂf e sianal and R donoses Bz
" U

re0) valued camponent . T he nhqonmmgmﬂﬂﬂ_m&lhwam_,j
Signal af chapng mﬂ'p{d: \s S -3

I Y- R ) Sl x (4.7 (1)) oI (E-TalED _

] ( Y 5 _)D L

” JZTT-H} - |

=R 2y(he e e

‘o
Where y(k) s (‘nmplpx PHVUGPP n-F e mr.elu_ed__ﬁigﬂ_ﬂl—mlde



can _he gd B
YyepyoSent n;.__r_J ﬁ-r——”
(i) = F q"LL)_Q L*In“'”

N=tL

——m e et

i S P

The complex_envelopes, w(k) and vlk) ore yespechvely the equivalent

yopyesentadeos of Ihe dransmitled and. yeceived _Narcowband Signas al

basebond. As lhe mabile usex _maves o (L) and T (k) or La_fumhmﬁ“hr#

he chaocoel sa linear dime = vaned. The choonl impulse  veSponse dopends an

the i0stont thol e impuise is_applied ko the channel,

chonnel Impolse Reapanse

18 defined as_ e aukpulk aof o chanog oy nnu olher

T/t system wihen the inpuk of it is |mp1]|5um_p_u]3_LLﬂﬁ_uLLS_Mﬂ19_ide

:mumggmag_thnsumnhmdus_y%_mgh_mLhm_ﬂmh the

duiSe  yeSpanSe ie. jhe Channgl mr}png- whea the chaonel ioput (3 00 imprre

applied ot !--nl SLY WMeve £(4) is Dirac delka ﬁmfhgn ond (s dgﬁ_a_e_d_hﬂ_

| =20 +z0 _
_ ﬂgnd, = (C’O t=0

{gtir= 1

-—al)

).pony dime - nvadend (1TT) channol

we con tise h(+) tu descibe the channel wheve + iS5 o vawable

iChonos ap 1ime zerd ?‘

A& (3]

- 1) | o
s ;.JlI_Lhnnnnﬁ.'_u'l.)ﬁ —-

)
Sg:égg hit

A (@) LTT channel fols o+




® |[):qeay +ime vawment (1 Tw) channet

The channel (onpuise YeSQense |35 ¢

vanahbles: ane &csn‘..h;n%n mheny Vhe ‘mgvice s Gopled

assaciawed propagahian {Ecingj;
§ W)
L4
I 0 £
. i s
l 1&) B hnﬁﬂﬂ Ti%) 3
5 (-t hz,t) |
T
(BY LTV rchoooel
1 i — l y
2 *
—— Nial-3 EmE}UiQF YCConnse At ae 17\ ﬁ“ﬁmﬁ__hﬂ?"ih ;2 WD

; Y 4 LT ; — T . - Q- h 1 . %
chaonne antped of Fin vospence fn on imaonise ppphed Yo chosmy p3-T7

The yorevwed Sigoal 3G

i  can

=0
v(E) = (hﬁ‘g};—&*:f%-ﬂ:lf

The rMﬂ‘@ YeSfence for the Cho )
Seahers is (T iy- 5 4 f[t) e Si8alD 3 (1-Tatt)) e

1 iz

tihere B ) ‘?'FE‘-QTH(LI YoRreSenl jhe

irtvodiced h-é o scouerer

INMoTE . T4} (hanges Fﬂ% PJI“C S L:RG! haoges by 3w _..—-M;
£-5mal rh., - = 0g hu => 0 Small WM o
:.Txfrj“ ﬁjf 0 _er O oo : ; 1 via E_— Mw@]

| ae,,m. ”



clescsute

\__x._ e

Kl Dappley shit

1+ o aisa called doppler effeck ond & is the change 10
i

-quupncg oY umvelpmulrhn{- 0 wave in yelaban 4o obhserwer nlbﬂ_s_s_mmyma_r_elg:iyf&_
40 the tiave Source. An example of deppler shifd is the chonge of pibch beod

when 'a vechicle qunound.n% a boro appysaches ded veceds fram (G0 obSeryoy

Considey a base stotian (BS) hnnqm}!;l-:ng a Qin%!o}-ona pilat
C ) !

gignal ot %oqugmg -fc and e mohite Stakizn (MS) is maowviog aleng Q

X¥-0xic with 0 coostaot uommgf\ﬁt’ and pah Segment hebween tio prinig

X and Y have ng}hid’ and _the f-‘.‘.%mn]c. Ovo verecived dyom Q vemale Sopece

'S’ ag 10 -FimuQ 3
d o
P2
.-
f( »
4/ \\
-~ A
OL;chSQ/)IQ.._ \
e, T s \

(1 6‘9 T ey _
.=

| The diffeyence in pah lon%ih yavelied hg e wgue txem the

Gource ‘S’ ko the mobile ab poinks x and Y IS
AL=dcps © s
- 19 At cos @
whoye AL 15 the time vyequived oy e mabile o travel fram n_tn_ﬂ,,
0 is assumed +o0 be Same aF painks x and Y Since the Souyce is nssomed

f.a.hL).LQMIO$ Qwall _
d _
hiaw, :

b Exam ‘FLSJJJ_Q_JD_E pa th difforence fox Sigo al vpto pnln!— x_ond Y 1S »
Oscumed 4o be eaual+a Al-dcos@ so phase difference is o
AA - 9m(al) = 9Tdcos@ - ITMveAtcosO

A A A




R A e T ] TR e ey = —

e T g

- == \"'\..

e || (T T A — abil]
"The. gppumnh,chnaga_Ln_ffnaunnm{nr dnnmw ) ) ig Quen |
l= Ll ag
o o At
= J =L lmpatwsR
B | LT ALk
= 8 Vo3 lihere A=¢C - Speed of 1ot
A Covrier rgqmmz
Total shidl in frmnonnﬂ: is thug
f-f r .
The ahove U 0hoN yYelates lhe dnnnlw oh; {4 n the Mnhile

\rolnnlu S50 We Can qnu hat if the Mahile ic

maving tamayde e d: L,

of qnnvro e chifl o posive and wvice veyaq

Channo) cayyelakan ‘Fbjnrl-l N

Accomplions

(o) The C(Ngnaegl

impuige 1esponse h(7 4)

b)Y The Chaonanel

Jmnl__Sg_quDnncrm o} T‘ and T

e

uncorrelgbed f T i‘T fay nnu t

~h(L, +) gnd h(T'z;l-J w2

{13

A rhnnnnl undn QsSumphan (q) qnd (b)) ie Sqid ka he q

id® -Sonse  Slakin nary

vacayrelated c:rnH-ny-no [wsgs0g) thanndl

O!Dolnu pouleY  Goeciyal
gr '

de n.c,il-u (psd)

uadey

nqqumnlrmn () Wo mﬂ:oonwmmmn -Funrl-,nn of h(L ¢

lia
f

@’[r o /\+)-—;_J_:,_ h¥(1 b (T ALY ] - - - - - - (1)

e -ﬂﬂ.ef—ﬂﬁﬁum;aiwﬂ—tb-)—,—;m_am can be_ ye pvegented as

21, T, a0 = g (L, _/LL)MLT A=

|

[(omnlp X rnnumn-H an.

1§ Q Mide - SPnge Q}'Ghnnnryrlu?) s, B



y o~
— B
N

b

e
Fnlj‘.qunnlhdJ
G)’h{tlT tAT_AL) = al T“I_'H) $E8E) — === (%)
u\hpvp)

Alr 0t)= /an{l-,f+ AT ALYAAT

I

G(Eg (1 a) = === === (4)

Erem—2073 (3) 2(49)

=

(X.n(fl: Fmr-l[&'fh{ r’T+AIJﬂ+)—“a+—n
« Bapd i rth*(t}!-) h(t+oT £)1 7
2 =

Q’i_ft) measires e avevage psd al the Chaonaoel cotput ns g

funchion of e prapagation delay T and is therefore called tho delay p<d

L]

af the channel ~Olso knawn os the mulkipew iatensdyy Oyefile. The me oamioat

width of the dolmd psd puiSe g called the muHipath delay Spyead densted L
Zhl 1)
7~

LA

\— S Fig:—Delay nmnov_g_pgd;r_a.l_
3 e——— o y g
Tm : L Apnsjﬂug

The o Moment af Ihe d@imdq
T = (TP dL




#_— a— b _“:- --_"“".‘::__M” —
and Pnp vms (yan: mean. Sauaye) dolnu Spread dlnahwd huy & \

6 = fn‘r-‘r) %ft)a{t ‘/9‘ —‘T\
(of () dT \

L | T

In {‘ﬂl(‘ulﬂHng a V. ale CﬂY he mu.lﬁ.ﬂ.ﬁ.lh_d.ﬂmﬂ_s \
Jd\\

assumed that

s A e

B \
. FrOQnom‘g and timo  covvelakon funckions e
The outncayvelatian Junckion of H(LE) ig e

g (£, £t an 2 LETuRE B u, 14 a)] -

.9’ .

wS5

——

= td A = LEIWRE DAL, tent)]

—

V5 i -
s . £, *[ A
=) @n(ﬂ,ﬂ’ﬂ{-): L 1;7' [hlr._,.L)emr bAT (h(tu hak)e‘""ﬁt'

(L) J 1

- //‘LE. (e, B hig, tyay)] ¢TIt

Nis J(]/G,ZB-HLP’A D A T T

- -
= f)@j(r AR E(T-1)e SI2n (FeTy- 18 BdT,

et

” = )/ﬁ L, At) g_ﬁ"-(‘&mp')t' cl“ll= _:

,? /m’h(t,_m:)?mw“rdr (af=f,-4)) o
i : o
” ln-(.ﬂ_ﬁ,_ﬂ_{_): +ime —'melﬁﬂﬂd—ﬁﬂﬂﬂ“m—&m‘/
Jl DA
n el



Fvonnpncg coxyelohan funckig n

let At=0 me have

A (A S ; E [H*({HH (£ AQM)—]

: [ (neitrefy

L>§2fh(1:) and &, (Af) i5q paly of Fowiey tvosform

L>uacowveladed SCGi‘l‘Qw_ng =D wss WM L) wyt £

--i
L>G’H(B‘C) chaya cleyizes  whe Coxrelakion of chanpel qoins at - and ~F1-a¥-|;ﬂgﬂ![jtl

T k

[ 1\ —

vl ok _

0 -~ L

T—i% '-'F\'Qnumﬂ! ~coyrelakign {nad:.m:]

— (Af) —
(s )C and channel coheyence handwidih

LS Cohevence  handwidih

The maoximum -FYOQUQH(‘H di-”pmnrg ;Fg: which e C.ignﬂlc (re

SHil) q’rmn%hd cowelated is called the cohevence bandwidih of channel _dencted

by (Af).
g c

Two Siousaids with {requency Sepavatian lavger than (aF), are affected

dlﬂo‘tefﬂ-llé hlé the channel alk any 1

Lot g donote the bandwidih of dyansmited signal 2

4548 fAﬁL(lnlﬁ; the chaonnel is Said $o exhibi: -f*foqnenrg Seleckive :(:nclinga

which intvaduces Seveve TST +a Yhe Yeceivod signal

— 1f (Aﬂ‘_>>uu.3 the channel is said 0 exhibik non Geleckve -Fnrhn% oY

he ‘F“d“‘g which intradyces ng%hgihlﬁ' I,

& (1) &> @ (M) =H(AF) = 4
L _T_m




- T nm.amcwm Qh 0 n_:Fun;Lmn arﬂ (ab)

g Letbing af-0_in_tho time - frequency covdaian {uncl
ting af=p_in_the. :
e h{luﬂ E—

. qf"—[,m;)__ﬁgc (a A{;)-" L E | u*‘{l? By uld 4 +a4)]

e o
: L g 4lAL) [hnmd»oy\qu on_overage houl fask e chaonel hn%ﬂ\

) rhannpq with kime oF each ﬁommnru

—— |
L>'rho nominal _twidth of a’(gH:\ {nL) is colled cabeyenre k

me r
channg M&&\

__-_‘_-—-‘_‘-\‘-\--__
_ Ly 1f Fh_ghch_onom_cgheiem Lme e much larger than Sy ba) inferyg) |
| of we tonsendted signal the channel exh; bi_ Slow fading.

d I
_ L>%,{_A}:_)__j_g,_.g¢gp4;m\od of & due ¥n e g asSLm phian =5 VS |

nlhp

+ime _doenain (e eanivalent- to WSS tn e -memm domain,
_ la' (AL))

_ VARN
_ [\ . _
= 1T

el

\’

g_b- — —

_ rLg,,_,_ﬂmi_(;pxxglmfm ¥unrhnn and T
e e _ﬁhgaﬂgl coheyence ‘Bm_o e
- — ——-'-""—"—_




::=—__ ‘!: —

: -f--!lmg; SCQle D3N (BSE and “3.‘-‘-&&;}&‘.,\.% -

- i i ‘

P 4 Mosk  colniny Yoo Sustensy COpeyMs yp IDE bmabh\_’g PQDl'iﬂ{E\i
Loven wheve thors iz pn dirsrd I0S pedn  befesen henswdby aod vecower aod

— - -

-I 1; " h . . |

_ loheye We DeeSeore oo Imge henldips due fo Wibeeh heve is 1aes in gigngl

E_ ‘} _Thi; SREIACEION hohusen yolleckan  lOyd oo s peplis dee fo obslacle tanse |

E I EanE *ng ,L g ke C«’L“nm 01 wave decyreQses as e ml—m

| ‘T _ong ¥ sDoedSes

—_— T b < -

:' !_b —’- -~ 4‘ b d L] T " g K - !

] LT dydey 40 fake o agepeat dor dhe locseS gad To e the meage Signal

§ H 5 B (¢

i JSvesghh w0y foviawns e — 2% Sedvyabon  Bhe tycdoadbhoad wodels Qve ced god

= ':-‘: ) g v . [

i (1o (e ;a:.;nndm%. Monas ne cQbeqd [gvas 3cale uﬁmﬂqu _

1 H| e I )

I .':’. DEN im PSS YeSDONSe

! The Yeroiwed -,.r.u‘sa! ) -
._T_a yi{t) = a’rm IVt -PAT=giD A+ -F)

Tl ~

E il j -

E’ g —

'- xis) ot fadon choonsd yB)=aol)x@F-T) _

| hiz 4\ g L(r-T) _

7 v ~ |

| | e ™~ » = .

.[-' & 5 S -l s0msda (hoaas O} |

E i - ks

J

1r B ES mrona 1S meeh ﬁg Han o \_Le!_@;%!h f& Ehk ﬁﬁﬂ‘umﬂp‘tﬁn By g |
nmr:-'i e ios g: mggg al lineay dimcoswn ol e DOtepNAS ey OO0 WEY F_




o {™
.-'J'”'!““H LY
o g SE— : “‘_-;-Nx
wheve ————
P% = Tokal power vadioled by 00 lcobvogkic Sowe .
(n, = {mnsmn‘}mg anienna g i ]
(QL:vggmu:ﬂﬂ Qotenoa_Qain —— ';
T k) 9 - |
d = distance bebweon transm.iting qod LeLCying Godenngs k
A= Wavelengih of Cayyiey Qincrnm z € e “ {.
(- g
———— T
C = speed of light (3510 m15) . 1
- . s
"[\’: ;mneY IYOQUP(]NUI —
Puln, = effechive igo’wopjrnllg yodigted power (£igp) _-1—-—-——“__}
: ————
The teym (_LdTTd/A) IS knewn 05 &ree- Space P 4ih ](}1{%‘;
by L.(4) lwhich ig |
1 )
lP(M: ETIRP X Ro-cplv‘rng aennq 9ain |
Received pouwey |
2 R
=cdo)og. A (48) |
) : —
(414 ) |
:
= -90log [Yge ) (dB)
a1 |
4rd J
] The pawb loss (s
1 Lo(d)= QOJngwﬂﬂ- 20dog d - (43.5¢ (48)

ake vhod  the Frop Space paih 1035 incyogses

IGF the distane and aiso foy every  doubl

oub h-ﬂg_ﬁLJbQ__y.ﬁ.dm_icjﬁ -




5 yErEns A ST » ¢ o "
Rfﬁ S0 fuey S@ncdy DO e

Al | e ~ - 7 f »
- ISe SPpfie  pyopagodo imogel Oces  dod @mkw

i D ands 5
asd § TNAWE WOSS €Oy aATmo | o | iy
x VRO Oweal Do veg Dbk en DS ape N =1 :
- 2 _hedng dec od iy depe
RS u_depend

( = = 5,...:__ i 4 =
—upaR B2 0,57027% owg wenglenoiy ber alen 20 anieona baghls

8 Sinpte lwo Dot mcde (g 12y padei) is vsed In fowe inde

T

AL o
_ﬂzmu‘h P g\ esvecl of OO0 "}_m“"‘-'-‘:

;1 SN

i

1 - Eig -HAop  palh prapagolen OverQ

' ” =

T = a /’ Smepth plane

| ) 1

‘.: ap — L d = auect 10S pash

f‘ oy oo

| - = --nwnngsﬂ:.un_dﬁmeLQLLdmiﬁme
kA £
\! 7 |

¥

Considey @ Gigna) hnn%mzssm_ma_s_mmm,_uﬁgghng_pmﬂe_as_
in_the follouing $igure ﬂ

Bam -Figpu-‘, | .
2
d =\ (L2+lht—h'.) where, h, = height ot hransmdting gotenna

T
h, - hpighl: of )-ecmmnﬂ_ﬁ.tﬂﬁlﬂﬂ_
d, = fas thoh,)?

Tn large Scale propagasien medel 0 d1s very large

dv>h,&h, and d ':::cl d_f-‘:d J

Due to dl%‘l’?ﬂ’- d&lcmo, 1Eor hese Hno Yays lbeye oocors Sl.ah{-

change 10 CMnMMSgg_{mth_a_hun_mﬂm_nmme&d_&eﬂﬂLﬁmmmﬁ .

tuio paths moiy eohonce Qr Cancel ¢ach ather.




= B S g Sy A S - |
M g et S =t S —
" iy

N The caviiv p\mm dL”LH‘.ﬂLL_hk‘.LLMLiﬂ e tme g D,

da'.‘slm‘uas T - S

— M,ia{,“a’)ﬁ.l}td -4,)

2 ___JnuiwngnL ph ﬂsa_x.hif_ax . : 1200

—_— ..1 i "
B¢ !(U f/’]
=P 6!
i f %)JJ”!
—ftlunye. —
| .,_EiF_;._ﬂm_mlh.IdD alenvation due to yellechan e
No—— ___,___ﬁ* = (Oxy.ey DhnBF ah{t moﬂiripni T
___-_-‘\-.._
1: 1t _is cangideved Wl o(,\"‘i 0s vefierhinn loeg 15 ﬂl:nl.m}‘q'g\
and Rn 6 0saumed Yo he T {ay very lavge d.
Sn, X
Bldiz P tn [A Y |4 ol SEOCA2 ]
| \qrrdj
| =Pl [ A\ |y oiffad)?
\urrd J \
N (A Y Y P e
'ﬁ - P&Iniln, | R ?de - 1sin 30 Ad | f B
\umrd Y] -

-1
CDSD +ienf

——— L

[ / 2 7
gL 0 {1"(DSPIT/\A\+,31H9E&A‘W I_ ('I-uﬂ
) VU U T e

Sgtd
L2

—=p hi(n / A —\; B

i L= 20080 Ad+ cos® 3T Ad + einlomad |
e k‘md A A A
o S o
M- ) J A \ 2-9 (o8 9 mi“1 -
M_*%vw ;
Y m,,h\,.(J Vot g Li-cosroosaute] —
4amd ) L 2A ) s




Also,

Ad=d-d - Ldbs (b 2 - fa%s (h,-b"

i

"4

2
= dx |1+ fhé+hy\ = dX
d

Using Tay lox Sevies qppyrax; mation upto Huo -}:evms

Bl d?rt+L/h+h\_ _h+1/h b\ |

—

I i .

T 2
—d?l+i h|+}')v\_'L-L hldhu\

[ b, b\
kY 2w

2l gl oo e Ve (s ) )

94%

. & Fh+mh+m-h+%h-h1

2d

= Yh,h,

Ly Dy
2d

.- Ad = qh&h\'c
9d

Subsh +U4:|n8 vaive of Ad in P.f[d)
Pl =40l [ A \"_sin® Enhiu\

" \urmd ) d)

'.'.1(4)—-—9/ A \ Sin A_‘Jlrh.h.,\
e, i

\und ) \‘ Ad




| | L de) \
akumuxra madel ¥ Walta mo

frequency Tange (1s0-1920)muz ) 4 4
? [4)

65%

dist ance [{km-{ookm) - BS anlennn hwgh%mm)\
RS onkenna_hejab-l-s (sam- t000m) — 1% ankennn hmghl— (Len- )
ns Ql"_LEﬂ_ﬂ.Q_h_Q.Lg_h.'E_(_Lm_ . Am)

| g e
akomaa model : —
The okumiya tadel 1 a yadia propagatian model } g 0s_byyy

Lsing the dada caliecled in he city of ToKyo 'Tnnnn The mode) ’q—dml.fnk
using in cibies with maoy Ovhan skyuckres houk not many Fau Waodg

%

The mnclpi Served 05 Q hase foy the Uato M ade).

e —

akumuya madel was huilt nto thyee mades Lyhan ~Sublyhoy

and open 0reas .

B

The poth lnss in dB o

wheye

l(dR\-l-f-pdid:BEU(-Fd_) ln(h )—-(nf_b Lgn . el

~
b o L
— —_— —— —_—

-
: »

,(): d) -‘F'LLQP_D.CB pca‘h_msi in dA nJr_:Lusl-once.‘d

ﬂmn = mediQN n-H-enUG-l-mn ¥olodive 4—0 {799 Spnce

h(b{.e)‘___(ﬂojn“az!: Hyansmitley -

jL lath, ) - Bain ot yecopron

AT (2qin pinuidodﬁl'ud_ J—gpp of ayeq

fnfh ) - 90103,0 h, ™ Mie< Looom

200m » -
=R -
—_— -
lb(h ) - )LOJGO h.
Te UIOW -
>m

~ e ——— —
5 ?-ﬁlﬂgw thW’@( o m - e

3 m

—_— —




Hato made)

—The Hata madel )5 a vadio propagadion madel oy pred; cting
lox_§ -

the pai loss af cellulay W ansmissions 0 extexiar envixonments . - s an

empivical fovmulabion based an the data fvom the oKumwa model and {5 alse.

Q@ .
rnmmonnd catled as“ okumuya - Hata medel” ‘the model incoxpoxade the gyaphica)

infoxmadion fram akumuya madel and develapa i duyther 4o vea)ize the offedhs

of dii{mc{ion' vedledion and quorine cavsed biy city gtypduyes. The Hata

maodel _applies Coreckions £oy applicadions in subuibaen and yoyal eavivonmeonts

The path logs in 4B s given by ]
) ﬂ.-’rR]ogm(d) fox uyban area
Lldb= 3 A+Blag (d-c  for gsuburban avea
Cﬂ-’r B.lngmtdﬁ-f) foy apen QYfa

wheve
- 7

A=-4$8.65+9b6.4610g (£ ) ~12.99)10g (h, Y-alh. )
gmo—C g0 = e’

e

R-44.9 - h-55)ag(h )
d :

¢
c-5.49+9( IOQID(‘F(:/9Q))9_

2
D=Y90-94+4.2¢ (Ulag (£)) - 19. 33 Jog fe

Now,

r

G("l‘:’e) io coyyection faddey for mohile antenna and g qiven hg

nfh,e\ - “vijnr(']nffc- O--‘Hhre— (1 54 ln%w{:c— 0-9)

Loy smau  +a medium “J"ﬁ

2
alh, )= 7 2.93(log, :.qthe)) 14 fay d_< 900 MHz

1 1 1 | |

9
) x.Mlngﬁu.}she)) - 493  £qy {.2 300 MHz
< io .




Fralu ___: _ i
T

(&

A1)

(is)

D

W ifferent_ehannal paamebers hke caherence dime doppley Spyead ele

{Ibandwidih_which (s qQveatey than e bandwidih ol trancmidted
|| recuved sigoa) i undexrgo {lak fading.

)
=~ v :..,"'\..'__"':_':"_**--_-_—.-.H:..

M- Geae -F:Qdmﬂ B
ﬂ(l’am:l i mul.llpalh -l;imaﬁd.m%__&pmnd |
Flok fading — Freanenry seechve fading

Bosud an Doppler_spread
Fosktoding,—alow fading

e __Foy _Yhe measuyement af the m%:\m_p_m
'“Uflfl)ﬂ)laﬂ [ﬂf_lhﬂ_mqy{'mgpiv ot Gmal) distances We use 9oy

made) |
o This type of e smal acale ?m«l.ng depends Upoo the |

Foding due ko daay Spead —
Flod ..-a.dmg.. .

£ e mobile vadio channe! hae a_constant 0i0 over

Signal thap

_.____B_m_;;{?_mgnng ¢ 8w of Channel

__.D__Ql_%_._spmn(j (rr) Caymbol poriad (1-3)

Frequy enr;'ﬂ. Hele L-L)u.L£0d1n 9

1§ Yhe chanpol P0Sses Q_ Consglant Qain gver a handusdh
Mak 15 smavey hen_the bandwidh of dyapsmidied signal thep lhe Yeceived

Gig0oL-undergo freavenyy selective fadng
BW-of Signal > Bw of chanpel

) _ﬂ__qj;_ud____s_ptmd_ﬁa?r.]_Lﬂj%nm pexidd C'rs) ‘_,,J

o | ,ﬂ




Data

—

ml m@_dut_‘to_dnp.nlex_am ead —H
L\ Fns}- wfmlmo ]

71 3 _ We Tabevenso time of the thoonel is amaler Whan the |

Qum}\m_\pmmd of e dyansmidted dignal aod leads 40 sigaal di stordion phen
. “Qurh Q -[:mino is {aal —Fndmn

——

L I-l.oh Dnnnlou Sy ond

T ._'1;,,.‘__.1

L) Cahevence {ﬂmP (TL] < 91\4} mbaol pe‘rind (Tn)

r
I

(u\ Siown Lndlﬂg

g £ Wo Cohevence Yime of the channel is axmhv hao e
J'-.umhnl pexiad of dyansmiled signa

H-Cﬂrlmn 12 Slaw ltm\mo.
N

with lesg: Sigoal distovlicn ten anch

Ly)oss anplm Spre ad

L)(’nhprenre time hc) S %Hmhnl pmind (Ts\

Rngloagh fad ;ng dishvibolion

Tn  mahile Yadig Chnnnelg the Rm:lcmh '{:lenn dishyvibution is
> Itnmn‘}nnlu used +o descvibe the Stadishical +ime vmulnn nn-hnvp of the

‘recomod e avelap of a fint -le.no signal

This Raglmgh pod.ng mode) is used in Hhat case when He

every %muonc% campanents experience He extrome 'Fﬂdmg and Heye is no
(4] T T ™

dominant  high power Components So ik is used in cose af NJOS fommuni-
- L9] ' T r 4

ca}ian Scenan0

SInm:wM—FﬂmluM]ﬂ@uMMﬁL@m
9@5

| A ATV A i
V'V {7/

7 Rlapged
+ime -




The Rayleigh fading disls wubiop has pdf_given os

d
5 i PJLD/"'YQ \ . asy 590 a

2
P(v):jdﬂi L!?.d" )

0 ' Y <O

; —

here 6 (S nmle:UdP vaue of veceived Qignaj,

e%is tHime Querage (.0 ey n-FrprpbuPrI Qignnl

¥ | Ricean fa djﬂg_ddlnhh'-inn

—_—
when Yheve 1a a dominant QI-G-hnnm'lJ (Qan- rndﬁgj&g%

Component pregent the 9mall Scale fading eavelope fulmws Ricean_

digtvibibion.

— -

In this gituakion the yandom mulkipalh Componesks Qrvivipg g
U | r—

difforent angles may  Superimposl a0 e S%:a-}ionm% dominant Sigoal,

As e daminank Signal ge#ﬁ weakey due o interference of olhey

law power components ‘ 194y, -- gh F
distyvibutian P .
The Ricean dishibution ts glven by
LA —
: \)i.gexo/-v + A \'[:U/AY  for A>0 x>0
2 2 )
_ G ) Y <O —
twhee A= peak amplitode of dominant signal —
I’.( > = maodified Reqsol -Funcl—mn e
where I (= _L ( X LoSO _._,...---.
e
2T )
0 - il
The Ricean distyibubian fa dfng channel, h as_an_(mportaot
pavameler called ‘K’ factor _ ]
ka— Power 0f Los Component R
Total power af _ou_okhe CampanenlS.. s il
Op K = B : il

202




clacssute
Q=—C

As k' gppyedches @ e yiCeon dishvibubon Qpproaches the |

Togiorat declvieben on the Qber hand m'g_‘_np_gmar_heE;Mg_denmim&L.

romposdpe envartees and F con bo said ot b_af__is_n.n.ildmg
53]




ot - 3 \
Boad poss  Transmission Techniques

¥ || Totvodoction \
i_%mndnmﬁm e |
Moduladion  ig the Dyocess of \mvginrqw ane )

QY
of o pevindic wavefarm called Whe cayyiey Signal with g mn%
hat hépimll% Cantains  infovomin +a be +vapsmidted A mad

;l_frl%
hat perfarms maduladion ——
1t mm&honslﬁhn% n baseband Message Qigm_&_ﬂ\
hnnrlpuqc. Sigoar o} frequoencies Wyal Qyo very high when Compaved +4 hage-
e band &oqnonnq:.‘ﬂ'lpjmdgqsg’,_mgnm IS ™ oadul

ated Signal and Hre_h_qgg_th
_ Sigaq) i modmmmrom Signal TP
. Mom%rhd af moadulakan | '
WliTo Yeduce hoieh{- Q-an-Lon na
when %@ﬂsn@ugﬂwmm.uod M) 5RH» i
Helgh-l- nﬁ_anﬁnna— b, cC - 331(Ic:3 = (mnnm
= Lo yof loxsx(o3

Wwhen modulated

Signa) je transmitied o= {60 MH»
quoh-} of nn-}onnn-_/\ = L. s leng

= 3o0m
0 1of  {ox1ob

During mﬂd"%
YeSuls in dyastic woorhn%

exapnple —

_ D HOlpe. 10 Yuduring ioferenceg % . 3

Lidllong  distance dvansmission o
S e LN T

(i) nulkn!pxincg} .
T \




Demadulotian __‘

Demadulodion is extracting Hhe ovigina informadion beaving

Signal fiom Q Carvier mave |

Here the baseband neaSage f;.‘rr:;nal s _extracked fyom the <I
‘ |

madulated bandpass Signal So_that it _may be processed and inteypyoted hyﬁ,

the yecewer The main goal of Qoy modul@ion terhnigue 1S o transpork
message Signal thyough a vodio chonnol with best passible Qualiby while

Occupgung least amaunt of bcrf')ddeH’)

Elements of a dmd—ol Communicakion SyStem 9

The -collnunno hlack d;uovom Shamws the olements af dieiPaj

(omamonication 5% lem _ . _

Binavy SQQL:'Q\DCQ N Source channel Madulakoy

E gncader |__encodey |

\
‘i‘.“l“f“a._..., A/D -

___]am&nm__mm Physical
waveformp chaopel!
fflﬂinn_ e 014 _
Wwave
& J; SoLY (@ channel Demodulatey
Binary sequence doecadey docadey

rig--FunrJ-ionm hiack diagmm af a blnnnd

1o o digital communicayons System e souxce do be

|
digibal commuonicadions Suystem i
J g

tyansmitted is discrete habh 0. Hme and io mnnn.h)dp. unlesS anmﬁc

n]l_% gonwa—lm_l} m-l:mm&han 80u0yce s 9-8 Vo]r‘GJu:AOn’OJ-C aye Onnlng i)

nodore  An nnn]ncql--l:n— dgej}aj (A/ D) convevtex is needed to capvey He

analag Souyce +0 digﬂ-m Yepresontadion. At he Yec@luma end Q 4
i
)



PR
——— dig'ﬂ:nl-—h:: = nnnlng (D/A) cony orber_ |5 u_r*,q_d_ka__m(m%kmm: .
b ' n_i:n_khﬂ._nea_d_.u&en_:r.ﬂ-mﬂ_m.rjzL-.,.u.lmgLr____-[DLmT mmﬁiﬁ% _
—e . G ted in_q hmrm_d Loy ok i m MQ—HiD«bﬂ.L_dm“J:L
— e get [o (7 — %
— (D Sanrce vn cadey _ o _ﬁ«\\“‘
The infarmakian 3001080 ﬂl@mﬁlﬂ,ﬂjﬂg*m(;“
ncader _an Q0alag -t - rhg'd'nl Conveeber g (404 eok_bo_Conye, "
— UWavedorm  }a digitay represonkobian, o - |
_ veS__the  unkaauin '*r0r|ur}dnn£_,,*j,f,[£gugm|_m Knowp U.E.__;
da_&]__cgﬂlpﬁssma__mm_hmp% n_4osk datq “IOPu;.ZLbﬂnﬂL“\\
—Lidlichanpao cncodoy — ﬂh\ﬁ“
— The _channe) encodoy inﬁw-kmim&q[m&mm
_ %modum&im and__11ansm “Clon.dne Yeason fy,
. %nggnm_saw.cz_enmdﬂ*and_Lgnmon&LeanyMMmmL
on(ndgd_jggumgg?m,mga_godunrlmgg i5 Very Svsceplible ¢ ¢ hOane nese
—{leh n_naat._mmﬂgTw.b,;mﬁaaisgdum@mlfaawgaigdumﬂmynmmw_
—— e yecojo foy -decoding., = e |
(i)l Mo At atar . b
—— -m-ﬁ_ﬂﬁdula{:QLﬂ.emdﬁ’L,:Jﬁ.Q-&m:rmraaﬂ.ao. m{mg wikh e cayier
H equency 1o byansmil ihe -itoimakion _ppdn e —deshaalian. -
w(;y% oone) e S —
e — TR 'Y c,u.mmml.‘cahm.w_c;h..oanw-‘_‘s&emﬁbgumm’“‘?’"
———{lencoder/ decoder_pare s _ofle N.tedewed 1o ao co _dm_;j_ih.a_na%_‘tﬂ_d;ﬂﬂ”-i"
i ere _many be the Noide which. haps 4o ¢ hmq._v.lh.M:L‘a_tigm_mﬂmfmm,ﬁ;ﬂm'_ :
—AThe re9uA distUhaw in he co Ny channe ﬁ.hﬁ_uuL.J.mﬁﬁf__ﬂLLv.ﬂﬂ% -
—efichapnel _5nould. beof the vanely IP::L f}mm ¢l Sheuld be of the variel
ot choneel coding 15 Capabie” of miigaiing .
1




(W[ Demadulatoy

" he Cavyiey G%nnnl

= e S
(viXichonnel decadey
—— -
- T decvenses Hig Cﬂ_ﬂﬁnllﬂd_mdundﬂnnj biks {fvam the OYini ey
[ 4 J
message

_(.\Lllﬂ_ﬂm decader
I is 0sed Lo _Yecavey he Gnnh:m olaveform  hofare

o the end Ugey Using digital +q analog Cnnyp_ﬁpv

Preaentaldion

¥ 1Basic. Madulalion te chniques
(1) Binnrg Amplitude ghift k’ouann

- Ia tig modnln&mn Jrochn.nue he  cayyiey's amplidude ig

Switched  between “ 0O’ gngd ‘4.’ cavvier maximum amplitode _Foy ‘0’ no coyriey

— lie sent and far Sy Cavyley oI ampldude A iaad ﬁequom.d i _gent
— The maduladed gigpal 1S

dJ
) = DA Costrrht | foy 9ymbo) 1

m ) 0 . Lox Symbal 0O
— 3
! - Sasklt) B
B : : - 1
cLv 1

.- ) '/:‘m | r‘li\ Pf‘? 2
I S ' >
VUV UV ¢ U 3




T ——

e e - g e P = - A Ty =) i ot T A T " e e e BV s ,-';_-,—:%\
(i)l Bi nnnu;_J_mq‘uge__n.cH.__ahl{L.keH.inab-..m_.._...,,.u...,..,__m e

___1n_his._notahan,-the. Mmodulabion . ia nan.- “ﬂmhand }[
B alb)=1 The cartler’s fwmmnqj ar l.ma..‘(,mthndﬁ Slgnm_m,mmwl

l
tuo _minioum nncl_..,mu;lm.um_ﬁ_,ry.ea\u..o.n,cg..plhﬂ....n'loduIQh an__Sigoaq JS\\
b=z ) Accos QI (F a0t , for Gymbal L

Aecostrlfe-af)t,  for aymbol 0

mlk )

— L —
| k) { ; :' I |
- N A L
| HITATAT) A
_ J U, U‘ UUI 7 _
_ 8o () E . , f
—r ARSI

IIVRSAU AV ;

(i)l B.ooy Phase  shifl kemng '
[¢)

I Wis_ modulaban technique,, HaLphngg_a&_mﬂm“ﬁ
S1gnal 1S Varied. _bg_mo_numdmghtuhe_eﬂm.an_hn_bﬂ_itmmlﬂ.ﬁdﬁmb’ __

moduiaded Signal is

—
)= Aclosinted |, for symbo) y I
- ------wﬁe(ﬂﬁmﬂ-{élﬂlﬂw:{m_summ_% %




(1€
Pl
w
\.«\ \fL\ WO . T
VAT HNATAND .
IHRNTR VA
: T
Spsk) | : ! :
e SO
TN
IHEOAYR i

C}ignm Space and  Decisian Ragmn i

Digtal  mao
g

wavetaym 5.4 from o finike geb of possible signal waovefoyms bnsed gn

e nformation bits -apolied 4o the modulajoy

£ therp are ‘o pn&qlble O.ignmc.lkl-ha, modulation Signal get

‘s’ can be vepreseoted as,

S = ZQL{-I-‘J,SL(L),...J‘ 5[“(4-)3 wbich is caued Signa) Space

Eoy b'unn-né moduladion Schemes Q b’:nm(d indavmotian bil is

mapped directly to a oigaol ‘and ‘8’ (aigna Space) wil contaln hwo Signais

But oy I"'l-ﬂ-rld maoduladon &chemes theye will he ™M no.af qignals in

gigoal Space,

Jﬂoﬂomllld_,_m_ﬂmen_{ﬂ_oi__a m_g__nnn)mod in_a veckay Space

USing one o mmm_aLmLc_iumﬂm_mhub_pludfﬂ—mlﬂﬂm—Lﬂﬁ%hﬂf«

Hhe ppv-]:mmnce af pm-l-muiay moadulahan Scheme -




————— et A T e ——— e

sa_ta_vepresent  Sigoal in veder 3pa
__ U3a detesmine Me bosic of signal Basic of o signal can _
a_comman_ park of fwa ar more 5ignal space Wwnere eath sign.
espated as_the Loem  combinohon of ok pod W

Ry, _example, | peiters \\\\
. Eox_binary Ohose Shifk Keylng signais, ibe fwo g .
___.J&Sp ace ‘s’ e W

f §=28 (1) 8423 T~

T 7 "“\%\
] {4 _ : .
.k LA for 1 o
1 T -
_ % S,lt)= [ 2Ep cos[9Tr-Ft{+]T);Fur Q
T 3
1 _:_-_E oS o+ _
Th

The basis of tese signal mmd_b_g_efvﬂg_w o
ga
qﬂ)-i % cosemdt
J Tb

S 1 .._uhmh_bsina._ i

SR T A 405 ,.J_E;_I-_Q(r({) JEp L I

. ~—ThiS signal sek Can he xepreseaked Qeometnically b¢
{Qtwing e volue of eoveiop of each ~Slgnal _caoled Qs Conateloked. diogrs®-

~—tlor signal Space diagram) -50-8ignal_gspace diagram i3 e guophiod——"
_%ﬁx@msuﬁ:ﬁmﬁ of Complex. env@lope of e ach Sigaa --.ﬁ-nn.ce..imﬂ*x;wsr%”"'

—opconstelabion diogram vepresek he inphase (ompoarats aad_y= 0K —
iTepresents the quadvalwe camponents of e _Signal e




The distance between Signals on Q consieliodion diagram

gheea how diffevenl the modulated waveforms are gnd how well the

Q.‘gn.m&_cnn_h?_ﬂiﬂ’erpnkmpd hld o yeceivey TE QIS0 yepyeseots ¥hai if a

(‘_&nsﬂm&i_m_dln.gmm 18 donqvnd packed e (oyyespoanding medulodion
Scheme 1S _more baodwidih efficient

Qu adyogor e
f\ " ;
( = | =
1 7 inphose
-JE, VE,

Fig'-38iqgnal 8apace
U L9} T

¥ l9pectyum and  bandwidth of Bpsk
The power Spechral density (power spechrum) of BPSk signal
would be
PBPSK(-?): Ep [Q.n{-&‘-%)\ +/C;.n( t-£) \
& % \Tr@ £ J (m £-51,
The Psp of e BPSK Signal Luhon plnHer{ twauld be okinpe
ns follows: A
& i
i 3 [
-4 1 1 4 [ ! ¥ 1
= | ! : I ' 1 ! _
| H | \ : ]I H
e l Jl_ | 1 1 : Nk
£ SRb*F W F -k F ARy Forie, 3Ry T
The  first oun to aun Bw is found +o he eaua to Huice e
b yode . i.e.

gm:lﬂb_ﬁuhmg R.F- L

Tp




j—_\imnnm Detecdkan ond aprimal Recelvey
i Y
3

Detechan Probiem
“ Cansidexr chanonel with white poide b

Hgionm ia_the thansmited Signal plus a noise component. Thgi““ﬂ“ille\_i
{_° :

li{,‘gma vepresent the Connecian block diagram of chaanel and ‘-
| .

%

™M

ta N- dimenSicoal Signal spectfied by basis

3 3
] 2¢¢Y  whee SN _
! N=1 e
__-_--‘"'“"-h-

T

— —r

o
pe S
e
i

YecQey
So, the Yecelved Signal ()= x (D +0(4) wheye 0(r) i3 ke

Naise introduced bbl the Choanel.The yecei * 9y '
a veckny

|
| A . A :
LS 2 _ Y 5 1
L 1“’? V) 'Jdemodu]ohar ADorit;mn i
TTranseoriied | TLI | :
o _SignQl | ' device )
| @) | : |
_ L I
g — )

P

heem o=t

N )
== Y =3YiiYiJ...JIN?'

—
L .Luhqrp, T, j

o ftrfl-)_@’”H-Hl-J N=49....N

|
|
D ey
|

>
The ¥, contains ol the infovmaban of y(L) which is basicoly-

[N

a dﬁmﬁdulm-ﬁd.._Blﬂnm,:[lle__df.ﬂamn_duug_esumu{e5 lhe intormakoR-
Carvied by the ~bapsmited  Sigoq) xlk) based an he e_.c;w,d_udﬂf-«ﬁ’ :

—— i _____....--"""—-

———— SESSNIERS ¥ RR S ST




il

Matched filkey

As_Qqien h'& tbhe equakian

Tg
Y

= J’r({-} 2, dt -
0

The demaduiated may comtain - payallef coyvelakors QS in the

FF"E'"Q (a) But ik vequives the muldipliers and ini-ognrm(wc; which makes ¢he

demodulotoy mave expensve to implement in prackice. So each covreladay gsa

'domadulator can be veplaced by using a makched filder and Sampling the

filler owput ot e end of Sy mbol intevval as in figure (b) The impuyige
yosponse 0F a matched filter ok pth branch Sheuid he as

hﬁﬂ-]-— dﬂ(rb-})

S0 the outpol of e matched fittey would be

/.00
tJﬁ(Ts)- ()b (= - Lt

TRt ut

-pm
oQ

= /v (1) G’I_('Q d'L'I twhich 1¢ equal $0 ye ceived \rectox 7:;

=20

Thic  device aF e Yeceivey is caned .rn(ﬂ:rhpd filker gs 1¥s

impulse  YespanSe oxoc{lld matches +a ng_b_q_sj_a_of_lﬁe_mﬂﬁmu_oa__

+oosmited signal

S, e {X) X /Err F——n

Yy T /

| 7 1) [

- LT s ?50 %{ ﬁ')df AR A \’f’-ko decision device
e T .

g @, () e

s, Ak BT ————

2,(t) Fig (a) modulator




e b (8 = (T b) ' ZE S

i (1) - e

l : E=T5 T~ --,

§ —~T S ey | =

I —3 =gk : —_

? - N S

L h,0)- a’fw-%ﬁr—/ z —

Q_ Fig--(b} Dq ad (LG —

| match fitey g

I S

¥ !l)gr;t;mn Begion S

f As in lhe -Eagu-:e Loy sigoal detechon the derisin device

hee 40 ta¥e o yale af S«'ignm Haosmtted htq; mqppm-g Y 40 an eshimaion
af %yin I Uil momized e p'mbahil'.l-td of etyor in Jhe

. ] " &
| dﬁjj%ﬂ?ﬂ_m_{]x._aa_‘ﬂfmrp%

Maximym  likelihaod (1) decisian yute

Seb, 86, WITF 11T X1 foy qu k=t 9 cem 8 i

T+ can mzo be Skated aa the ML decisian yule }o choode he

L to the veceived Signal_point fay n-dimenslanal signol —
Space e  yergwer p adtions lhe monm Space

L0 YQ%mnq called decision
tegion far eiery Hansmted ‘-‘smnm veClkay 'x

Th@-uaghms_mj_cmmd—f
d?flchﬂn '!Gﬂinﬂﬁ !l'hﬂp "'PQ f Uaf{'ﬂy Lyl

=5,
o he YPrugniZGALH_Em_,_LL!_lLES————
wikhin ke 'faamn dof.narl for —

LLL

56 ~an_l:be decy gig n%hﬂ_gbsmwmﬂm

into Subgpaces [}, Dihﬂm_mms

Each sub gpace is decision 1eglon_sa |f

_Y_bmﬁaﬁ_'tﬁ_flm_}he_a_ﬁ_-—s Jhg’
Yecelvy Lonsmkng of _matched fitkey and decisian dovice that vges ML decsiod-

YUle (S mmmonj;d vAexced tn a5 maiched fildoy Yeceivey —




classeunte

Dale
Pa

Minimum  Shif} keging

Tt is Whe  modulaken technique o which bakh phase

and -quupnnu; s rhongp (on‘:immuqhd I(eeplma the Sepavayen belween

frequenny minimum Weve the moduladion indeX is Kepl hehween O and §

M (5 nt‘.nnllg Q.5

Mok _ig q rrﬂmm_phmuﬁmm%m&kﬁ&;bmuwmﬁ_

keying tilh modulakan index 0.6 A modulaion index of a-5 carrespondsth

mi wum%ﬁpmﬂa_munjm_ﬂm_auﬂmmwmmﬂgmk .

gonal and e Nome MSK implieS mioymum -Tqu“ongd Separakion

NSk s Spectyaly efficiont moduladion Scheme and iS parbicu-

lanly attvachve for bse in meohile yadio cammunicakian systems. T+ posse sses

poperties like almask conq+m:£_emmup1dxmlu_&&aeak_aod_g.gad_

RER ( Rit eyvroy yale) pov-ﬁnmnncp

let { and ‘Fz donn}_LHJ_L‘[LF_Qmﬂﬂs_ﬂf_tum_Es.K_ﬂign_QISﬁ

Sumwmmmwm%ﬁmmmw
g

i!‘-}; A- IL-E‘;

The modulation iodex denated bld ‘N is dedined as Hﬁ_pm_dud;

aof %pmmy_smm_uhnn_ﬁud_agmbni periad

l-e h:f£-I£)¥Tb

-4

——

2
S0 for ™Sk e tuo Signals tuil he

X (1) = [9_?; cos[op(fetfir] —------(a) =,

Th

A ()= [9By Cos TOMMf=f)4+] = - — - -—-(b)

Ty

The -quuenncg Sepavation  between these Huo Signals

-cl-fz:-p—(—F):S"p




So for oy ‘rhg%ﬁﬁﬂrj]‘"ld

.. t" 2137;3_
B = f =1
’-ITb

. Hepce the 06" (6Y % (b)Y 0 be
[ :
21T /‘F{_-i- { \% Tor 1

= (oS
B jf 47, )

X l4) = 1Ep_ (05 r?rr(ﬂ_-— 1 \1
T 3 \ qu)

I

Nn{l!, £rom above +wn =i
fay ({:‘T:u')je,

g - XIE = T —Fay §
4T, Z

- Irx <1 xli:«-"n' for o
N L’Tb 2
Now it _the caryler gignal has miggnm phﬂgﬂ_ﬁtm_,j%
—1Signals _can be expressed as e
L) = oS l'znﬁ.:; + T+ + &(0) | and ——
Ty, LTy -
%, (L) = | LEp cos{ MLt - + g e
Tb sz . -
Consider_that g(4) = J(py+ 1 e
(N s
___-—__’_/
————/-




ﬂma,, Bw 18 mudvlwed .wgﬂi.ﬂ J_,_mw_e.:mm gg
b e | 2 ws i Lnd b 1 rmf e td )

% T .
Now, - S ~
Fl%ummg e dmbio)_phoze bo e ooty
_ﬂ}mz 0a"(4) 15 expressed az

I 753 = E_Ef;wﬁénL oslgley]~
Ty N 7
— Wheve e nomolized in - phise envsic;
|are. expressed Gy
; 0_=cos g1
= sinlg (73)1

I
0

Use 1 - 25
Q. Ao | gy | gy | T ok | symbel
1 { 0 —/g /g @ ‘
-1 1 T ~T/2 % L
e - T s s )
1 -1 o 1/, W/z 4

L }
e | o
3
B & —
- 0 1




MoK dyansmitley and Yecdwey

26p cosmd
. —ﬁ | T in,
j ¢ e
X
_ L N I
Sovial 0 | - LY. -~
Lofaymadion parausl & s
- b'd-Sfﬂ%) {apueytey U - o &amL
EE: SiaTrh _sindnfd .
I _ 3

Eig - MSK Hansmidey (Madil aser) o
Using Sevial t0 pavalel conuedex \nformakion S Jennmmm

Huith bt intevyal T35 converled o a wave fam a, (L) and_ Q (L)

Yepre qonl-,nn even P

It”—) F:g - MSK wtehtuf;dﬂ:te&nmummgum —

- &_Mugmnﬂmhpmmmé&%
— 53 : ( %l {Mﬁ.ﬂh g
"Th— ~ —
b Y W
g deana
5 pT
J(!;fl:} dn {l&nsinn | "
‘_—@_—ﬁ d ol



Bbove figue is MSK vecele which consisk of a signal

integratox. fo_approximae each bits and a decision device which devices B

\:____ whethey a_Yecelved bits is 0 ar 1 on each _branch. Balh outpots of decision B y
_ lldeuice ave lhen mappegio_gwmme_}h_e _ariginal Araosmitted sequence. g 7
5 [MSK__power Spectyom
| The power Specval density :Enx MSK_Signal {an_bf__empmqsﬁias
I = J.(:2 Cos O (F+f) | + L6 | casorr(f- "Fr)_| ;
I L, S Ul IOV T2 f ypptgl
2 I Poper (d8)
L i o
_ ! 10 \
— | o \\\
59 Y l,ﬁ\
| 6o \.
r ~30 = | - > -Ffeﬂuonrg
L | fe+0-5Ry FetRy  Fcti-5R,
¥ lnaussian  Minimom  Shifk kpbjing
_— Eoy the mabile yadio tyansmission i+ is desived Yhat the
. medulodon C-L(_\;mmg_naue_mm_pm:l:_p.nmgv qurhnl den%}%J Small_oY NO
o Pnuqnp%ﬂMﬂD_MﬂhMMﬂMMQMO_
— llobtain such featuve of the transmitked 9igna)_15 o filtey properly the :
~— haseboad_Signa) i before modulakion. TF the govrce Signalis prefifteved |
————fusing gaussion pulse sh npﬁ)_g_'ﬁﬂ:er_,.!h_a_‘r_e_su&un £ _modulQied signad is I!
— 1o¢( piuorl Th sqﬁ_mm.d__bmnssmn_mmumum_sh i REHlﬂg“ -




- - ___'“__‘_k;_.,_ i o Tﬂ-—nw‘_‘“
14 3‘9(—1} B s ygajmm 144 /6;'1-3’#_ Wy o

i
" £ ftiucts, |
' %‘%%F /%?ﬁyw “f43

o ﬂ,_ﬁ_ﬂaﬂdmﬁﬁzﬁ Mﬁiﬁﬂ/n_ S s

ummuﬂwﬁm zﬁ,;,fm | o

Thig emgui.,ug:@mL&é I Aihss vt Vvt c%#éw ,gmm
it __._‘i#“ / y

,-’fs;mumgiy GuneIds. .sz& é;,,m ado ke

DG ; ’ ' 1K M)Jdﬂ;ﬂ_ubjjéJeé,zm Yass. %J&Q{H

Mgwwgi&dj_‘m%mm@&jﬁmrz_m_glm_%wez},ﬁ_

3‘ Mﬂﬂﬁ%ﬁg wﬁ;ﬂﬁﬁ_bjﬁjﬁl;ﬁﬂﬁyﬁﬂbﬁ_
Wedul@ion  Siheme 15 65 4 Mﬁ&ﬂ_lﬂddifﬂ,(gfﬁ{ﬂ, _

‘ This /Ag‘f;!ém 19 eny Doinia 16 Qigpha ComemyuaidSish

soysiem 43 Cigi  packek doba aod glb siphun e mesie commoia

S ug‘ﬁamm Amgmtzu[ T L,_:,,_,_ e
B — @iﬁﬁLLmaﬁmdM_

e e = e e L
B e o ey - -

day e = s m{m"ﬂﬂ-:ﬂﬂ‘“M

53 . . A TR BT TR PErr e N e = AT M
i R L T T Y N ,

. R e e T R — sl = =

J

;| —
WEGRREEI LU _"‘—‘—'-'-—---—-&'_.. e~ ;d-. ..—-'—;'7'—-‘-"'

; ST e e T U A - -

"

: _5,#:"‘

g - s - e i = i - S 1o S -

= - e S e B e r o & s




The vyeceivey of (aiMsk gignal__is as {anows:

Demoduladd
' 3 . Sion’u_l
rd .‘"--_-—.4—_..4.._.__, ! 4 )
Xy pp —————————1 Sj
r—
| __Pnase > ~
IC & Shiftey ;\)
2 | -
0SCiliad oY =
L l
(U P ! X7 £
«4 : Loap filkkeyi = XS /f)
Sinewave ‘1;( Ko
-

. __)[LElF A

Fig - oMsk demodulatoy

Aduactages of [rsKK
Impyove Spectval efficiency

1 Tw N SigoalS qre: hrghhd naise immupe in Camparisap 0 FSK & msk.

1=-any phase shifl Keying (MpSK)

To f-gy PSK, the Corier phase t+aKes ope of‘m’ possible

iLO.hJ.ES7_G_Dm2_lH._Q== 9(-1)IC wheye 3=19,-.. M.The M-Qvy; modulated
1 b M a -
Sigam_mn_he_ex.proqsed s

2Bs (oS th-!?cl- 4 E'I'IZ(I-i)F-I foy 3 - 1,9 ... 0
S';[‘U:.’ T ™




"@’ -Md \)ﬂ\/ Q eQ U_Q:h 0.0 C (1) b@. Ly ”‘"Pﬂ a5

RN ¥ :

_.c;honama _badig .angnmm.;zirtt),;_ﬁ (s ndd A

J Ta
#W)= |2 sininfd,
Ty |

e M=anySignal can_also be vepresented in q‘gnm—sﬂﬂ&as\‘

_95@;_‘(?35%%_@ Cos{ LU0 00, VB {sin o1 1-1) | gy

e ]

T

J_Qu_adm&ure Phase shif} ko:ding (G)DSK)
e _In (Q)DSk_J he touy diffovent symbols are +0 be {yanemitled

twhich_ave to_be vepresented s equivalent of +twa hiks qp his s cheme cop

Qse_be caned qg 4=y modulaton scheme . ag foy QPSK the madu)ated
Signal eqUaion_ 13 _expressed. qs ’

”""""‘“‘”SG”PSK(H: ?_Es Cos r& T £C4- + AT (i-1) wheye =1 9 3y
‘-‘ J Fd " S
B — 5

——————50,-the_possible 4 signais Loy gpsk aye

Ay | 95, o orrf & -
e o - T _—
e sﬁl,,l:)_:.:_:._ _,?Eg_ 3in ETr-FC + —
e i s Al B —_—
N )= — m;{@sﬁc.asﬂﬂﬁefm ]

- e ' T ]
- T

L,

i 1




J""‘—:ﬂd
{{ p* — =
Nom for these Y saignmes lere choase two hasis 0S F
Z(H)= [2 ms9n£-} A g(1r=]2 sininft _
Ts Ts

- 2N L1 ‘Fn-imminﬁ fiaure
ra] T

7§

—

-

e e+



—7[1..&5_4:":_____? g,

e “ a
_ Seyjal 1o | Loca) ,': A ot P
7 poraul 050040y 0 }/ %u,,,
: : Conyeriey. ‘ ; S __j/ T ‘
11 9{;;“ _ A7 0 i & ,,,y
Fig: - OP5K tr19058mdder ) - ’-;’“;«HMJ
LOF - low Pgss -Fj]lrov 9OF = $aod JlaJs :LJJA/

i

At _Yhe vecever Si.d.?, e Q95 15 8stslisg MM%M‘W 'ﬁﬂf
lngp ot the Startlog and yejeds qut of baod neliss. Y kg 48 b W
19 dhen splited in two parks whee cad) puds ws sy AR Boaps s L ahon.
Mmum_yﬂwaﬂ_wwi_gmamﬁﬁ he Signa) JMM;@ 5;4«4;1,.;@1:% Sha 05
ot of Camiey Frequencey. The outputs of demnoduiniors pus gssusd. Wil
degsion v device lwhich generses e loghase 408 S a8 wny.
|9nngS. The two componeots Gre hen muudiplersd %9 Yogussiss iy Mgw
Lbinary Sequence. . |

| | Carvigr |
--—---—", e -
189 - nmm,g
| f‘i‘!(‘mt 4.




| , .

_onc-Hum af QPskK Qignqj |
The Pawey Spprhnl dpnq'rhc.': G‘F o _QPSk Ch‘(c}nm iqnh-}-m_ngd

in Similar manner ta that of in BpSK i bik ponnd(rb’ Ye placed btd(Ts' ]

’rf’méi-f_ﬂ-, fsiorrr:-ﬁns Y o (ainmrrffm Y -
a ( T (f-4) T 4} \ T(-f-fI)1g }

an pln-}l-:’ng this equakan -

Powey(dR)

A
/

/—: | EN
1 | 1 \.
L] 1 T

£ TN

! | | ¥ | | |

: ! ! l 1 I :

L T T
L3 : I sl | I i | 2 o

ere BBy FRy Fo  FrR, F72Ry -~ Frequency |

J‘r}hognnm -Fqunonr'g division mulhplm(ing fOFDm)

QEDM _is Q -,Fyoqumn&u d‘.uisior)'mulJ-Jplpxm% Sscheme Used as

n}hn%nnm quh cayriey Qignnm are used +a rmnrgl dota an Seveval pﬂ‘zmlm

ata strings Oy thannel . Each Sub caxyvier is madulated wwith convential

| digi-l:m muHicaryiey maduladion method A lmrgo na. of closely Spaced |
1
|

raduladed Gcheme like QPsik B8PSk ebc
The incomin Q)
arallel data bt styeams which are drgi+m data in 'Frequo_nrbl domain_Each

mi-_q_m_{y_equ_gmé domayin_ore coavevted inko £ +ime damain using lnverse

ouvier $vansform. Every daota are then %@ modul ated bld using different

\ ~ ]

Worent aub cayriey that are yvequived to malnotain oxlthogonality |




R LYAL  prefix e the problgm _of Kme digy g_,_q\h

“re-odded. The _gigng) . ten ianagy Lﬂn,‘m,%&
fmmmmnquunLdiI%oQL , e g

4 e _.*J}_eaumg__.
R Stwards yocguey Aide  the g gna
hl‘“—‘k—lhnLd detes ~yclic_pvefix and g demady
fﬂm‘ | ' -Counter ard. This_pg 1ale)

| ‘Eau_tl-ﬁl"fmnﬁfﬂlﬂl.jﬂm_dmnmg the
Mmia_________lnmqe
M -Pavalel | - | Fouyiey -
"—-—-——_________L-f-nﬂualfv ' 4‘i‘mn9¥mm : - ﬁ\h&\
- o
-:‘_ tee Te—
__ Fig = 0F0M dyansmibley O0EDM E 1Addibion of
! Signal :Loyclic prefiy _

___% Doiede | ‘i—_ A/D }nmler
{ I Lydic 5 ‘*Demndulﬁ’mr Converdey .

- . Tronsfoym ﬁ
- . |
|

ape




cluwta

| ( w- ]
(_Embabjh}_g_oumnﬁmjssmo eyyqy e

Cansidey fay o RpSK signar_the deteclion of a 'hnnt;m‘erd;

'_s%mhol auey the Hime  intoyua 01,1 Thp_{mnsm\-ki;qd Signal is |
x(¥) = )\[_— gl foy Symba) |

| L M:
Nolb e vecejved M.nm_t_[t)_maag_mm_lhe_auaﬂ_n.(ﬂ_&'

considered O proress mibh 29vp mean With PSD J%.. S0, Y> is considered 1o be

la yandom variohle with vavignce G‘: i\’.e and condition mean J;lﬁ_i—b._ -
__g_l,Lp_n_hol- L was sent and Uy - JFU ailuns gk 0 was Sent Then the

lLan i
ouss distvibubion iS expressed g

- (x- ;)2
f o= L

< N

E J;:OJ'-
__ Foy _the +Hwa decision yegions as
4] 7

£ .)Y.;‘-’QJ | Waos Seat

Y, <0 , O was Sent

Now
e
= P{v sl 0”) Plo) + P(r ca)1") ey — (= O |
R "L__u_x—é A o I
= a9 1
€ dv dx
2| Nira IJZTT““N
(] g »ea — ]
s — (x+\E, ) Q = (x-JE,)
Ny "?t + [ L e & ;
X x
o | J\Eﬁfh I\Ji'rr Sn
Lo ] \==0 /
Firg+ Secend i
‘m-ksg‘fnl ! lnh%n'nl




ﬁ¢ e — e e et - L e e —_—————
Eirsk inteqral Secpnd MEQML
.ﬁ“ﬂ B = Thmat
Qﬁ 4SS _A=->0 Z:Q!‘ G‘Qx’ LT)Q_,_Z—T);[‘E&. —
_llas x=ven _Z=>00 0% A=2=B Z=-00 Sy 3
Ais0, Al50, e — |
IS0 dx= & dz 80 d‘x = 65,4z H‘H
__UThen, 0 o "%#- o B
7 ,"Zz / "‘ZQ’ N T —
- Poz L e = ydz F 16,3z ———
Ep - = Ty
o0 ; 0
4 #j’% % W
< aZ T € “dz =
0o | J . -
VEp JE) o
oy Gp e
0
T o
z 4 [;%
| gz -
| o | J ‘ _
&
Sn
Q_lgg_g_’ <0 7 "
L "¢ g —
< d¢€ =
| lorr J\' Wiz B
- E
_.D.q e
‘ﬂ__BrsT S
_ Poo .
‘Hh_ e area Undey the [naussian corve ’/j



50 Dmthb;lrlu of b eYY0Y,

. A P:Q/ﬂ\

Also, the prohabilidy of deker comed deteckian (P) is expressed aS
sz' 1- Py

P 1-@_/ ﬂ:L\

\\ N:/

NALl

For QPsk e pvabability of detedion ewor far add Dumber bits and
even aymbered bikS ave Same and aso i 38 noled that each symbo) is

compaged bue of 4w bids
S0, pb:@/ QEb\

A )

5 pc = J.""' Pb
Foy Ywo Symbals v

Pe= (1-Pp)ae (1-Pn) = P’-"Q / E_EJ:_\

No i
T .
Hence mohnh;l#-u 0f_gymbol erroy

qulpr-l."' l"@/‘iEb\

W

so {oy M-ary, modulaton Scheme, DYOthLb:LU_U'F_Qdmhol evoy

Pe= i= L-G/EE_;:\ dogoM |

),

LY




ok =Y. - mize e -
Roesivar Tehoiaves. &m_ f:;.dmg Dw IYETS s.n (UL

~

i S iy R —— )

' ,_.__hmm.,_,uﬁﬂx mgﬁ* !H:L%ﬂdmﬂ Lgmm QuUES
T 9 Wireless  commuynicdlionN 3ystem dug

Mﬁﬂimmmﬁﬂbﬁﬂﬂ Aronsematied Signals aflen uﬁumﬂ,_
' : E/ P 1500 For e migodien of these. Lhu,q%

aues Lo be vsed Such 95
o s —— |
AT T LR - _ |
7 B |
(NUNns  L4u0hZaNen. . N
\ _h‘\-
ﬂwmﬂ_.m%gﬁwmmmnammmmw,m.. S
S
Powgy Contyel =

o _jgm_mgmjmignyggdmig__mm ntoin. e _mioimom NEesstyy
MMM_DQM,MMQSHM; ~he sevwice avea js divided oty
20419 e, nlobile Lsers in-goth col oxe Seved by Single bage Stabien
Didderent cons can use We Same Ay equency. Snectyom Subjeck ko dhe
hwdrence. conshroink. Power _condiol 5 tﬂssmhmml.uguumag&&mﬂ_{auﬂ
}ﬁu;pb - ddiem“ QQDM;L,!_ ong jm‘odmamhnn misSioN. Guabity. by

lignting unteddecense. amgng. Uses. o mffumm,yang_mmmm%

Choong (i eechome interderence |
Wevichng He pe9r- Sor_off ui wmch rndm.&_.J nterference among USOSN-
e same on dflernt cols using adjocenk freaueacy choaneis—.—

wveay-Jox effeck 15 o _candilion o which_a_nearby bonsmie-
:‘:wiujr?s e secaver of e mobile or base skabian o tho the ladher 18—
nwie do deberk e 5igna) of 0 Sig Socond. bransmidley located. Farhit-

@w-wj.;a.ﬁaa‘_ﬂﬁmx:iazmﬁﬁm:;;c.auLﬁmmhzg.dﬁ}lmuagﬂh,pmmmgmwﬂ”

e e R T e T TS S ST S ————a— .

=

™



LAASSL L

—

Theve are twa types of power conbal

C"‘n\‘ml
Yhig

lgpen- loop pawe
1In

J‘“h“iql"’ doorf eshmates ihe

_he Hansmither

s

/_,_,tdﬂﬁ'fp of chanod aad adjpste ibs dvapamission power accevdingly. The

-~
| |

chaon® eshmades i hased an fearby linkS. As na feedbock bardwave

voqured Whis +ochoique auaids e yeasuyce averhead for signaliog arn
‘\.'

5 ydavely taskn doweve ¢ suffes fom pawer eshimalion Qcawacy

cantyn)

Clpae - lnnp poey

In this "‘Q(‘hﬂlQllE’ Ihe veceiver ecHimaies the yeceived Pows

|
-

Jleyel e Ye¢ojved Signal to intevfovence yakio and e dvansmission Syray

yate and Compares the meaSuyement

e

wivh {mgq%- deaired value and Sends fhe

informadion to dvansoudtey for power conbval qdjuskmenl TE S move accurade

bhan open loap Pawey conbvo)

(i)

UI\JP{SE!‘“

4

Diupvq‘.hd iS an _effechive way Lo camhal channel -Fad;nr{}_

{)imsn% IMPI0Ue S +yansmission pwfmmon(‘p bg mm’imqj use of more lhan

one ; dependently {foded veysion af hanqmik&d_&.gmn_tﬁ_s_aﬂm_uplms_nﬁm

Si0nm Cawying the Same ;n-anmn#inn’ are Yecewed Qvey Mulkiple channels that |
LS 4 J d

exhibit independent fading with comparahle alrengths, Me Choaces had Qu the |

indpmndonhu faded Qinnm Components expeyience doen {:ndmn Simulhnanus{.,u'

Qye ewnﬂu ypducpd Dnrersm; 1S Commanly used +echnigque 1o mivelesd

Suqhmq 40 combat channel -Fm-l.nn due o 'Fnilnmlno -Fnd-%

The degrad atian of ﬁnmﬂsma_qunnhd.dm_nbmnﬂimh&&_muﬂ&bi_

qunlu Qvercome by mcrmgmg vhe hoaonsmitted signal_powey

The power avallohle on yevevse kol ia gpvoyolu_hmltgd_hg_me_hnﬂer_u__1

units _with diveysily, Ihe vequired

yeodu ced;

Cap in hand -hed Subscviber

tYanSemitied pomey Can be greally




()'.;..,‘_:T:;,

AL e

— e
e T Gy

Co)iCelolay — COMMUNICAR QNS C}:db.}pmq Qye mnshld nn‘l‘GYFWED.(Q_[L(H};&E:L._,QD*:[___QME;.

Qin m‘:{iga}mn of channe) -Fnchng b{d AlUOVQ‘:-PQJ.E.tr.ukm.ﬂ_;[;nm:[znnm_a\-}:e____
inta impraved inteyfevonce Falerance twhich | in HJm_mEans__ngﬂlﬂ_ﬂhjUJH_
to Suppet addibanal USera and  Mhoeyelare higbm_agslem_mp_aﬁigﬂm__%... _

Ditfevent types of diveraidy tochniques. are.
(a)lspace r{iuovqmaj

In this technique e desaived meqsoge |19 -Hnnqrm’rl‘prl_J)Jdu

Using muibiple l-mnqm'.Hing aotennas and /or Lecelving antennaf. The pumber of
diffoyent recelving antennns are used thal ove Separated by cerkoin ophimos_

distonce So tis technique can qigo be cowed as antenna diversily. The 9pace.

Lg‘opmrﬂmn hetween adjaent aotennas Should be layge enough ta ensure ha

the aignais from different antennas are in depend ooty faded Lsuadly 0

Separdion of at least {0 Ccayyiey m(]uolgﬂ@lhs is_yequived belweon Fwa Odjﬁren}___

Qntennas —_— .
|,
‘-‘;m\":d'nng Inglr_

---;11613 A and A— :
s demo duladay .
S Fig:= Black dingmm of space

diveysity

: J
(d9) gpace diu@rgil—g reception method can bhe classifed info
fallaming 4upes —

g

(L)l 9eleckian d'IUPYRH-H . e

_The yeceolvey Monitors the SNR value oF Pnrh_dluo‘mi}:g__—-—-

channet _and  Seledts that ane hnw‘ng maximum SNR. I+ is very S'LmPJﬁL‘

divaHg -h:mhmque —

——-—-"'-"'--.'.
——-—-'_’"/




= \@
peedbacK 0y Scanpin

H-dmm:bd\

% CQrresponding antenna

above OY equal +a_g nd 0 have Signal pawey
I % Seolected Sianal

e Y-
W _ o
% Yo cojvod 3igoal

™

/ . ] €38 is q Yot 4
y RQ(UUH\% ] iaﬁln 1niti aded

|
|
{
1
R

Shavt feym

|

ot

—T !

A T oot et g
|

Qveyrage  Siapal
v T

b1

pawoY

Roceluey

Fig- - Scan ning divoy Siy

__{3)

Maximal Yodio Comhimne

propation to obtain the maximum SNR possible.The individyal
I L

The Signal yoceved fram _each byanch Qye uwj%}d_-_ad_i_n_r_p_ﬂ;mﬁ_

Qignﬂ]‘-‘, are

cophased and summed, it has lhe advantoge of praducing an autpit with

\ccepbable SNR evep when None of the vecolved Signais are acceptable

e T 7
-—-""""-—-r-—-_.__
iy Caphase and
Ty A ' cm Dekecky  [>0/p
‘“*-—--.\D ¥ ; Sum
: iy s
il . >
= p)
-\‘-‘-""‘—-—--
e
-\--_‘-"‘—q-h
-“_‘._‘_‘_‘_‘-‘-

i xiMmal yayo Combining
_] ]:;9 Maxi




) 'Nﬂ

(Wl Equa) galn mmbin.ng

W i9 Similay to moximal yoko com bjmmahhm%

an_branches (1chjummpd_mﬂlluULLuﬂDthﬂq,_lmJu_iidh‘ﬂ__} H]'P.__S_H_l‘}f_m

Mms
The pasaibiliby of praducing. 0n Qcceptable Signay FYDHL_JZL_D_UIDJ)_EI_QP mmwil

inputs s shn vetamed and pevfumonce ia -ably_marginally nfenoy 1y

—_—

mox;ma) YQdiow Camhiing but Superior o QQ‘E‘L}:UR__d_LH.ELJJ_LH_\

—

(b) Evequency div@islfld ——

! The desived me@cane is tyapsmitbed g; mul{-%&l“hl
| 1S e _Sepaiation betweep adincent ‘an

”‘SGUQ)(LI {Yﬁoumné Sla 1h eDQ1GHiQ ¢ A —L"—QQCH.._SJ.EE‘\
ucmmd bo lavger ihan the Channel Conevence bandwidih Such thab chagney
[-fndlnn ovey each skt ig independent of hat in any Qthey gipt BH using
nwdundanl- Signal tyansmissian, this diveysiby mproves link dransmagien aualiy
i(l}- cost of exiya fwnuoncu boodwidih

|

()l Palavizodion di\rOYS&-{d

At Wwe base slakion Space dmwsﬂ:u is cons.dmue: e

"ovackical Qg lavge SDGf.n(a belmeen the antepna ig 4a ho maintaned in
{

_(OmPEisan +o hhat Yequired in mabile Stakign. Tn palaizahion dnmeu‘

l

iﬁfhﬂlmle_lliuﬂlbd_iw polavization C\\'VPYSJ-L: technigues aye nsed {th(h__

“Gre Vevdieal gy haizantal polavizatiod ov bath. The twa Yecelving Qoteonas

3eparaded by Cortain aagle , ane g mcmﬂm_c_umd_jmaed_&gﬂﬂl—ﬂm
Next £o yorpye hovizentally palarized signal ave ©aed

e

———The_ bnnsmtkuends_mfmmnhno ‘Lene_ul:odud_,mltb cock Qu0 AR
ﬂ&ervmmaiepn:%an between e time intervas sphourd Qways be grealt i

that of cahaence time of bho (hanne, So thod the totaly Qp oy velard infe

are yecelved by veceivey.. ﬂmaﬁ Hese difterent infoymaion sentat diffor
time the infovmaen iS5 S ecte

ad? é
d by he yecener which has expenience 18
| fading and interference



— 131 causdd by mukipath_in baod Jimited bime d
chanogl distots the Ayansm Hed

iS Pﬂ_ﬁ:l/e

P P ——

.;rmLe}:H._Gf_Qd-GDimLenu_th_ers_ —Lan_be 0sed {0

Gignal_cavsing bi} evyor o the veceiver,
—0-—techaique used to_combab TST.Tn o vadio chaonst the

cancel jeterfexence. Siace the

mahile ¥ndinSMMmMLimuaw.

Ying.,equalzers must dvack the

hime vawying chavackerishcy of

mabile_chapnet and ave thus caved adaptive
equalizey.

The gonovm

Operating modes of an_adaptive equalizer ncludes

twe payts 'Hmm_mg and +mrkm8 First a known fixed lengih -hrmn'.n%

1S _Sent ng the Yyansmitber Sa that e

Sequence

Yecelvey e quallzer may
0dopt +0 Q pyaper Setbing
: 7

4:01' minumum  bhit eyyay yate deteckian Tmmcdio:lohdg

-thnmmg his -Hmnmrqm Sequence the usey data

19 9ent and adaptive equalizer

at the yeceler Utilizes a yecuysive algorithm o evalvate ke channel agd

esimate Lty coofficient +a compensate  Whe distartion. The -Hnimng S 0qUence

s designed g permit equalizer +a accquire propey fider coelficient

10 waysk

possible channel capditians like fastest Veloedy, langest 4ime dO.lGld spread

extrome +ades elc then an equalzey ig propeyly trarned B 5 90id 40 ho

= E— =

Convey aeAd
J N

Ty 1€ Twoer:‘?éniﬁer

]
.ﬂ:iginnl_l")lmduln&nr

J'Rnrl'm chaonpel £ - Combined (mpuie

YOSpange at He

a5e hand :

P e —

rSIanm x®)

H——

Ny(k)

J

X

A4
Detectay
(I"I akched

Hansmibed
Side

._____,L_T_h:?fg))

—

Liley )

A
Equalzey d.(k)

3 Decigian

Malkketf

2 Recanstyucted m esqage

L

(£ )\

\I./

gignal
(¢

Fiqg:-Adapdve equahze



As _ip the. \]gum commpnicolan_Syskem b _odaphiva :
canalizey, condider xll) ba e aviginal message Signa un.d\_.-fiu_b.eﬁlh_e\\
combingd impulse yesaponse . ob Ihe dansmbler end. "l'hc:.....'f..ﬁ.cmu.ud_ﬁig.tmwf_u\
_|j-€an be exprossed g e

gu,).. X(E)¥ () L,n,,cL) S N
_ “whae, k' denole he mnvmuhan Opeyadoy, :d dhe impulse yeSpanas
{lo} cavatizer 15 faqCh) then Ihe oukpok ol eqvalizer is

AW =200 K LUK b, () 0 ) ¥ heqk)
e BN K QL) A 0 () K q(LJ_.___ . -

Cons ndmna e bosebond naise to_be zevo_and Fmr lhe best
..)feceplio,ﬂ cf onginal Sigoa thar )sd (L) =x k)
b= b ¥ h‘?qr.t )

lso Wwat . ___g-L-L).;_S_LJc)
Al m_.,._.._T,diﬂ__.ax(.t).&_é_i,.LJ

| Y. ¢ S T Te 0
Lineay__equaliziey.

—

e e  —

B | R . This -LuDe__a-F_ggu_ﬁhzev i9_the Sim meS}J— -hu pe of eQualizey_In Mze
Ahis_type the present and pask values of yvecoived Sigaals_ave linemly

warted by e diltey coeffideots and Summed to produced the qubpok asia e
. Pouawmg_ﬁgy_re LI the daays_and filter qalns_ave analeg, the continuous

- nu-['puf;-_"_n-L_H)Mqumjcw 1S_Sampled a} e quhnl Yae and Samples Qre nrmuul&]
Mto_the _deasion device. The implementadion of lineay
AHn-digral_domain

S The ouvkput_of fitker before the decision is made can bo

equahzaion 18 Impementsd.

flexpressed as - —
A ‘\12

dK: A (C *‘) [&k' " —

ff\Where, = S

= fﬁ* = Complex filtey coefficiont —_—

AK: Qutput ot instant of ——




g
i

‘cégm)—“‘ml' W&wed ntgnaL_
N..N.,mg.il_ LS tokal no. of tapa -

| “""—1‘ Hl(-}l\f T —_—
ﬁ ) Y om . o ) S B o | | IR -
I,,xmkt%d figoal. -4:- i i z" ! o
1
L iﬂ(wu R B e — - E !
ll ¥
. R ot
ﬁk ) r-**Lli 1 ¥ Y
Li.— - LN S L Y ! ck hizy | [ Crip |
i .'
B 4 B e S | '
I L' T F — b KW | (,
— _:r B e e z ._."-_'__J s (N dA
B Eza.+~—5~&‘£ll£!:tlle. n'[-\ lmp Qy Qm;n\nw “(
.ﬂ-ﬁ:ﬂiw“ Ghds e outpuk _— DeciSia |
___,_?;_ill,t\‘.o.ﬁ_l.lh,&ﬂ\‘ @nunh?nhnh _ ‘ device
' . Non- binear equalizer ave psed in qpplicaton wwhere the
— L
___lthapae) distarkian is tao eveve fov o linear equalizers g hondie gad ave |
- u&ﬁmwm_mm%&amwwmumﬂm_.

Maxiomum likelihoad Sequence estimakion equalizey

This _equalzey test all the possible dain Sequece yalhe

han domrlin% each o colved Qy.MDO ] 8 alila NQ0Se e ol P QUi enc ©
— i maximum pvnhobilm& oS _the outpu [he blocK dioagyam O+ ™ o PR
S C}hnmn_)_g._;f._nng_unn% -P-‘gmro The MISE iS aptimal in the SenSe ha} it

~MMQ¢MnQI chayacteyishcs 1o ordey 4n maKe the decisi

eaLives fhe knowledge of staystical distvibudi

10imyzes the 'anbnh'nlﬂ-g of gsequence evwoy.The MISE yequives le

Sranal
\Y




clagamate,
CE=0
O —
NES) - rakch Z“")D[ - 220} MLSE 4 I‘m
13 SN PR W T
’ | | 2043
L el Ly L=_ ) 2913 .
vl —
(+)—thanna |}

T - Qabmoimfi o

J J

Eig:= styuctove ol misE with adaphve filler

()

channel mdmn and T'n'l'OvIOGmnn

chaanel cndmn 1S__an oxohmumss_cmmﬁgmun_

Qveycome +vnnqm\qclﬂn eYYOy9.  ovey N nmcna} channel _‘LL ml-vndmpq Yodunrlannqi Lo

a_determinishc _manney ot he Yty anamibkey, to_the infoxmatian Sequence aod

exploits the condyoled vedundancy ab the vecewer demadulator output for evvar

covyectiaN. The wodundnnrg mmd 9eem to be waske of QtdS\lom Ye sources Such a8

-prQUPnCH banduwidth. Howevey, J£ _an evvar=coreckion Code 15 designed properly,

using the game YeSouxces tue Should be able o tyanamib (aded Sequmce O

fasker yode Such that, whea the tyanamisSion yate dov the lnformatan hiks vemain

lhe Same Q3 in tncoded System, the ivanamission Qccuracy for coded Sy Stem is higher

channol mr_lm% (s_eHeehve in mmho}mﬂ_m_dio_m_dmi__m_adaﬂl_

Qumbal_eyrors . 'm%mionuma 1S_Q_popular_-to_address . qu_m%M

Sumhnls are. -Fn%# |n+evlom«orl hefay @ helno mnnaenl Fo modulated waveforms

in_tvansmitter. Al voﬂm@m&da@ovﬂpummm_olmmm

belng -applied to decader. If the intericavey length is sufficent, the negadive—

effedd_of cha ingCarreladio oq coding galn can be elimnaked.——

e

_——'-'-'—'-’-

/




SR ______,_,:’
unt =5

__F_undnmt:MnI of Cellulay _ Communications

Tntroductian
Cell

The nonmnnh,rm Qyeaq

o cellulay  communicabion is divided iobe

a_numbey of um-?-mm npnmphr.ral ghapes qucb_umbcm_ammdﬁc._ma 5

catied cell
T 7 p . /
\r_. \ .r" \\
! §

The abgve 'FlOlJYP 15 OYQ_U_D_O‘F cells O‘[ r‘pv}-mn Q?ﬂﬂ‘tﬂf}bl(’ﬂ] arred

which 1 called clustey

The avea is divided inta pumbey aof hpmmnm cels. The

Olrey ppggible Shapes aye CircUlay Squave and om:.m%-wm 'br]nnclp The

Greolay cel) 1S nod uSed o 1+ _canf+ cover whoe whole oyeqj-e.

heve qrocury

0 Qop in between the civenlar cets. Sq Omnma_mh_o_y_ﬁm[ms_,_b.ﬁmaanﬂl_

.SD—QPLLB—U_@.d_as_H:ze_herﬂun Covexs layevs Qvea for a Qiven digkasce af

x4y ocme paint 10 compayiSon 0 that of -Lvicmme and Squayre

- ~Sa, the objockga of his type n¥ Sy Stem degign is maiol

ta_achieve high capacties (with l:mn}orl qmm@ghm%u

(Wi Q O,mnlo hmh Power -}mnqmnli-@y Wi an_anteana maua:te_d_aﬂ_a_

fau touwer in each base Station,

H—




ﬁk% £

s

et e, et ¥

£ a gquen geb of deavences. or vadio. leunﬂgrm, bc.

-1eus£d_uumuu£ﬂ&ﬂ8_JhLlniﬁirmm honthelome geographiea) - l)
;men_r_mmund_n_Smungh_pnmw _tvoonsmitkercon bie divided inl; g l
lumbey of Small aveas, eacn alacated 0 Subsel of freanencies. wi 05 mﬂ

| .geagyaphical covevage, lowey _Avonsmibles with Jowoer antennas ton by,
“_uscd. pxomd_qd__lb.a}_lb_g_phasmL_Smenhan_af Lwo*cﬂug_m_avrhuoauyuﬁg
LJJL&ume_suhsek_mulmmuu_mn_bumd_m_hm LUSThis g, funcoyh of

ir_ammm:b: YOLSE

' Fxonuonrb. YolSe oy -memnmc} Dlann;na 15 0 }whmaue [}F

, Fvoquon(‘g YeuSe

o

| T e . 1

|
—k i

&

s et

——

'!wu,qkna 'FTOGUP_D{IDQ ond choanels N O (ammupicadian Qu%om Pﬂ:mnmw
‘icnnunh.l and_Specival pﬁ.npnmd aR,

i| The gse of same aok of channel in the nexd cek n‘rfpllf. ;
l:[‘ﬂlls.—l clusiey 1 G 'Fvonnonmd Yyeuse l

T
/
1 ,
I |

_C.D.p.ﬂ_f_l:LH_&F a cehulay Qtdqhm
1

i
‘ Considey Q Cejulay ystem Which has 0 4ot of 'S'duplex
|

| (boang) Each c0l) is resse alacated q gYaup ot ‘K chanpg)s . The ‘@ channels
5} Gye divided nmnngtm’rous 80 +otal numbey o available yadia choonet ;o
1

'; S —KN

The ‘N’ cens which pse the cam plete gek of channels is cayed

Istey Weye the cluskey can bo TPDOC&OA M +Himes  wikhin the Qu'iﬂ—?m So, he

total numbey of rhannolq s Dsed as @ mmeaswe qof Capecity QS :
C = KN aams:

s C = 118 ,f

Foy_ his eguodion _..--m,

I,L) The capaciby g d.mu.. niopmi.cﬂm;kn_he_num.hu_d_xgphccﬂm&nw
I

;_)Ihz_cmsiﬁ:ﬁzuﬁ_}.ypmonym equal 40 4,7, (1 31

-_J_smwﬂﬁlhﬁ_m*gx,mumm}ho (‘nnnn{u

—_—-_-_‘_.-—auvj

{L>The %equencH Yeyse -Fod:ov 5 a.ven bH.__._ .

___________,.*o—-“*“'ﬁ



Plabil i;[H\ _managemenk . ﬁ

(Wl Mandotf _ma nogement:
- ___when a mobile maves 4vamn one ceu +a another to KeeD
]hLLMhMLCMM%LHE&DJﬁLLLQL&DLﬂHJ_Q_w hos +o chifted
=" wimow
_ [ fyom one. B +a odher mlmunbno e call. Thie s cavied handofs
whoen_Q M8 Maves. in'l:O another €0l imle Whe Conversakon iS
. Shilin Piogress, e 1M3C autemahcolly traosfey Yhe cau Fo o news FDND
chonnel_without diqumbing lho Convexsadion
- Lev@ L N‘c’
_ { A B8 o>
f
—
1 ! : 1 fe2e 1+ A
3 evel pDoin
l\ ]
" i ' y Handodf Yhyeshald _
I '
. o _\3 . Pipimom Gcceptable Sigﬂmﬁ)
' \ mayntain cal
. —_— lever at point B
i ( cau tewm:ncued)
time
Fig-.= Impropey handaff Sitnakian
Keceved signa) BoL Bt
—— _levol. ék_
i A a8
\l 1
s l; :
1I k|
T \lT% Level O !}_@"} RRA
s 2 :
|
ks — \! : lovel of which Rondeff is made
. | 1

ng '~ Proper hand o-FF s)to ation “4ime




Types of handoff \

Hmrd handoff e \

(i)

L>!J1+ occs_when Cavviey frequency changes duing hnnAnv‘el\{L%,

-':'i-n analhey x

L> ¢ is }he ope in which chonnol 0 Source el is veleased ‘W‘

_chonoel 0 the tavget cell is ongngpcl :

L> Thus Mhe Conneckion ta the Sawrce is byoken before e %

':%wgo{_- iS made and hence caned bveak- bofmo—-mak'o ;
i

| \_
L> Tt i intended +a be jnstantencavS in arder To minizmize the disyupd
1 S i M%L

Il
™1 ____-__—_—-"“-—\.__

(mii%ﬂ haod off SN

LSI‘B—QMUN when Qommn cel) and nmahbm' col has Same cayyjey ‘\['wm)anH_mo_

(‘hn{}ap N -fwnupnmor +0Kes D‘Im‘e dlmﬂg honAo-Fr

L>|TJr is bhe ope in mpich channel in Sauyce coll ja w&mnodm_medium

;!hn-l:n the nex: pew chann® is allocated 1D M8

L)!'_[n this +Hpo, conoection +0 new chganel 18 Made bhefare brpnkm% of
lconnected mith Coyrent BS. Hence called make- bofay e—hyeqk —
(i)l eoltey handelf =i
L>. gﬂ?g;mq When haondoff takes place betmesn +wo Sechars of Same BS—
L liFy eoUﬁﬂLH._‘Lanmﬂs_uadlagggd Sl
T\ PEREE
Giv) golt - sofley handodF | e
Ly it accurs whep hansdodd +qres place b eteen diffexent M
different gg //

L> CQyvipy ',G’QQ,LMCUH-J-QMJJS nnChnng?cL //‘

i ///"




elassmate

Date
Page

|acodion mnna%p Mopt

A ns s ossociated with a hame netwayk gnd iF's bome address vesides |

wih ks home (1801‘1‘]:.

Jdwhen ™M moves away tam 138 home nelinask it enters inka -anlen !

neonark |

The ™S bhas to yogm%w with 1#s hame ng_p_n}_tmma_h_he_{ﬂ_ng_D_ﬂ.gﬁaf_

34 ot H:.e_agent kaawn s covvent lacakial. |

when home agent has messages ta S t foywords them 30 MS vio Hhe

‘Fmeigm (lg ent

L_ﬁgow}- ot he MmS 18 covvect and can be yegjsteved ip -anpign NHwark

and *his pracess is called authentication frocess

Duving yegishvodian pyoceqs the hame agept ensuyes thiaugh the fnmien

§_LeJJ_LuJﬁtp_v_u::m;04:

;_E.p.&cimm_i_c._dmd_ed_eqw_mmaa_uw cels . colis in this gyoup Nave Q
|

disinint Set of fmquonci[ﬁs‘

A %lep of celis davm a clustey wihen the entive availahle

No. of celis in cluster must be deteymined ao hat the dustey con

Smaler the na. ot cens per clostey higgey wwin be e pumber of channel per

o] wperﬁod {"en{inunmlg withio e (‘nuerjng Qyeq n-F geyvice pwrom'd@n

QJJ.(c'opnr‘&g s inrroasad)

Haow evey anly cevtaln clustey Sizeg and Cel layjook are possible |

= i?'-lr'z-l-'i&_

|
=

Wwheye 1, { ave Nag- nogayive in-tog@v.q

Cd

No. ot cous per_Clostey N can On“d have Volu_e,s__uLhi_ch_S_ﬂh‘_&ﬁd__j

boue equalian

-



________ﬁ \
S | f
= __ __iwnmnm_&% T it
2 - i—
D// . S

.; \,—-ﬂ"""ﬁ“—

e |

!
; let us considey thyee vegulay hexaganal C% |
I

$'c‘ell A and C IS cochannel ceollS.

e e
D is distance bekmeen Whe centers of o channel ceus. 3
I j15 nan- Degative integers SRS
Applylng cogice law of dviangle. SO N
(] 2 . [¢)
D] “‘1'—2].|(n90'\']2 SRS
As_pe cluster de 5;80 yule Q1s {90
50, 0—12+1|+| --------- (i)
HOfD iLia a divectlon in which heve can bhe a Numhbey of cells.

38 o diverhian 4o anticlackwise fam ¢ and alana }—theve cnn
U
be a Numbey of cell

£ R.\ 190 perpendiculor distance fyom conter of a coutoils —

ane of e 91({(3 ~fvnm cel gea metyy

uﬁa S e

Then, centey o cou:l:gx de’}'nan of twa colg fg

9?-:: ’
1£ we Gonomllzo €auation (3) can he u,thn 09 i e e
-_.___ﬁﬂL‘cr, D :(QxJzE 97\% e 2 Gy
R | . ‘ /KL

’ ov, o[:?;R"-(;QHJ*J“)\*

T




d ———— —

Date
pﬂ‘

mnsLd o

f ’ i ,Qi\m 0Q nl hj_mgdn

[F

L'._\J

r"pﬁﬁ /n' ); / ,/T"\
> m'{* } 1‘“ 7— A R/‘;. \ D/
" \AVAYA . ‘ =
= / {/
p“,,-np-" \_,.k s :
g 4 /
g B
Avea ot Nexagan with yadivs R

e \ Q'

Ay =
s e

ngﬂ_a}_h_p_xﬂgnn with Yadivs D

= k___E ng
s 9L
: ‘rnmna__ldm_\r.oiin_n}_ﬂnn_exmessiﬂn of area we get

_AD = Dg'

AR R2
_ lllisn_ Ay =na of cous enclnced inside large hexagan

F
- Eyam apnmohu af cells n-l: lorge and sroall hexagon ahove
= N+ B/_Lﬁw\ 0
2.
R
““---__
2
RE
.‘H-_'-—-__
ooty A libedie )

-2

. _'9' 2
Nz b




Tt

- ale i ¥ s and Bunbes Bl ey
T X Dnkvtevence and. gystem copacily iy —_

| J Tadboy oy nie pva by e assacied Wi mab g f‘ﬂmmmn

o LORROR eauipmet e beeanse of the problem ol Bne congebion Wilhin

o chamagiebic. peddyom,

SRS /A U N 1\ Nindiog Factor e porfainonce ol exb ol Syslema,

]

e

Hig

Tl

Ca,

e 3 Dot finane. can aceov Hom eash mih ana o mobile 10 he-dome.cuoy
e BRCAUSE L MR OO Mo adjacent coln, it
e B TR0 00N b vt venee bolween e bage. S)aken Qpey -fllui\.g Qb ihe

LY S Si‘-xmu.mcg.ﬂ_bnnd_ Qv oy Olher Do ceuvlay  Systoma. ones Qy--Icoking
_m.._._h..q_.j;,lmz‘.ds.a_tl\gj Wk be r?x;eauencg._ band_of _coluan. LT
- ____“.._)..,L Do Aa_onindeviave nee Sotween. e base shaiien. Oporakng.-Ql-the.
- .Same$reaeny - band or

- ey,

. —g-othex. DN cwley. yatema_enwgy leanag.

- ~octidetly ik e Freavency band of ceny ooopebem. .

" L T thoe s an inteevence in Ihe voice (haddels tyoss tains ‘avé hened -

- _ond it oppear_0s_noise bebween o vsas . S

b Lbf‘*-"fhp nlevievence 0 e candval_channas ‘Laqﬁs_fammlgmﬁumd QAL _CaNs

B s becavse of digital signolling - — : -

- L)ilnm_smm in-urban_aveas becaese of Queadey RE noise and podey

- ifdonsﬁg of M5 ond_Bs

8 Il

~ L) ngpq

¥ mi!mrbnnnu intevfevence (rey)

¥ ’ The colls that use he 'Qnme_ag{;qf_%gqum_c}gs_ut_t_cuutd_

i "(aghngmz] teus and__inteyfovonco hoﬂnﬁeo_]h_LSiQﬂﬂJS-_‘FLGmmllmLKL\"JL&CM—--

i Cochanoel interfeveace THis he (yosg dar bhetwoen tuwa_diffo et vadid

' transmitter Lugﬂg—mi_&nm_mdm__{xmhumod__*ﬂ e

: L e yonsna_nf_acl'_n:aﬂ_hLbmsuLaduqs&_mmﬁ\hﬂ_,cmdﬂmm‘"mm’“‘
-Frmmng_jm SRSy

" n 3




[To __u_du_ce_.C.G_Lhﬂtlﬂ._QJ__J..D.'LL‘IJ..(:{.L!.I)LQ.._(_D:_._Lhﬂ.['}f.).kl_-.f_ﬁl_l 5
jsepaxated to_ provid e ubdicient g aygy, 0 4o_g
ITE the cel Size 0fld.._..p.ﬁkl‘lmﬂ___LLQ;J_'_}H“L}_.[,“(L_&L—BL .

;fﬂpf‘r@v eace il h P_r_nme.__i.ad.&pmdmt 0'}

depend 0n the ¢

e ("

oh

~musk be Yy Sicoily

Go.0) propagldiofs,
L same ot (Gihonns

st e R i

*
o

cellg

e deansmidled pawer and i
1diue - (
LIS, ai—l'—w_mdﬁdml:mm._bﬁumn Yhe sorkeftey; 04

oy~ PR

(o hmﬁ,éf_‘;

S T—— .'_.
So i E‘mﬁﬂ%{-[wkuo distance botween achapnel |

colls_ Wil incy onqo‘mﬂ—'ﬂiﬁﬁmme_muumu
| _— =34

-

Foy hexagona) Qm_ELY_H\
d y

Q=D :\/m
R

The Darametey Q s fyeauence 1e0se yahia —

.| USmoll Q> lass Smqay N, i0creqge mparntb: -
Lﬁygo Q= lavge N decyoqge mpnri—#g but incyease dyansmiccinn qualidy
Deviyation . ]

Fyom gpnmo-l—nal ot Yeguloy hpxagnn

.

N

A ! R
J e

/’C

D//

= i of h
luheye Rp ceptey +0 centey distance ex0gaoal

D= (ix 9R 1%+ 9 (1x08.) (ix20 ) cog19g + (1x9R.)*
P P % P

G

2
| S n:QR;’;(i9'+iJ'+:}2)

Foy ye gulm hpmeonnl cells

Cells

£

q

A

i

NS

g

L. B .-FR
g

0o 4y 3 e (Baija i)




B e LT ——

e, e

C;.onnl e Tn+ov-povmf9 yatia (8/T) rr———

T —— ———

consider the size of each coll 1S approximajely ngflhﬂq

ca_channel interference is independent of dyvansmitted powey_and (ko e

function of cen vadivs ‘R’ and ke yeuse distance_ oy dlﬁ!lﬂﬂ.(ﬁ_bﬁhum

fachenne cels‘n’. Tnen cochganel yeuse Yatia Q= P

y —

Foy _he mgnnnl cell

Q=D —-\"SM
R

The Qi%nrﬂ of in+ov-Foyonre Y0 -Fnr a_mabile Yecewer which

maonitr S e -annmd_ channel can be calcolaked qs

S - 8 {uhow)

)
e .%1‘; S= desived 919nQl powey {rom Bs
1z

1.=00. of ca channo) in+or¥man8 cous,

I; = interfoyenco Pouwey causged Bu '

m‘l‘@f{:nm&. Cochannol cell RQ
In oydey +a0 Solve this e quakan -me nmnm

calculahans we
need +a laak igh the Smnm Pawer chavacteriStica The nvpmo@ Rouey in he

mobile Yadia _chapnel er‘nuq S Q power law of e dlS"'nnrp of Sepmatian

hetween T & Ry . The eXpYession {oy e yecowed pawler D. o a distance

‘d’cn
be_ap nmr,mm\olu calculated ch

PP (3
UJ]'N.WIJJ \ ) _
Po=—power_voceived af a veference point

dy= smau  distance fyom -l-mnqm.-Hma antennaq

Nzpath logs Prnﬁae_q:‘:_(_gmea_gxig_n'F o-F mhkhM.gﬂ.QlMﬂL

ﬂ]unn chonnmq)

I£ D is the distance ob o 1h - odeyforey ‘rmmihﬂ—mnbilﬂﬁbmﬂd—

pouwey at g qiven mabile dpe 4q 9 Lintevfering cou 1S Yo pational +o (D:)-B_.__-—
0 L ’

B




\\\\\\

\.

classaute

==—20

Lel us take Fat e pal losgs Oxonnon-}- s _Same }hmuahm}lh

Hw__(_o;,g_mqg area and e rafsmitte d pawer be Game Yhe S/I con ||

ded g
M_p,ﬂyufﬂr
£ = S = f{n
f— I lo o =N

g_]:n & D;

e = =1

=)

N

\

L

R

|

- ~=N
Id Dl

i
Pu

= (D/R)n 2 (\f?f\f)q
i, .

s

57\
\ K

1o hexagonal cell, Vheve aye 6 _equidistant cou

"—9_: {r&:)ﬂ

1)

The effect ot ccT can be minimized htbj optimizing the -Fzg'

"nJiLLOctux.s_uLhm_lmpezfch_L&mmiL&m_aumu_ﬂﬂﬂdv frequentcies Lo

0Ssignments of B3 and heiy tvansmit powers. Tiking e BS Qotenna to

Limit bhe spyead of e gignais in the Sglsl-tbm can alse be dane.

r————

rBxi}r1rnl’1% channel Tntevfevence f_ACI)

Y Taterference which is caused h\d nd"}nrpn-} channels is

-tEImA('_d_QB._.ﬂ.d:].OLQHi:_Lb_Onnol inteyference
1k _is -ignal_impayme i
Qnathey anm 0N Q noaxhu -Fmouonou

—

leak into bandpass.

——

e




Wﬂ'\_\.}"ﬁ"“

f!)” ﬁun amic Chappel

== Ly The .pmb]nm_.la._ﬁnhnnmd,_Llhn nd'mof‘* chapn®_uses 'w
- 100 close range Compared to_the Subscriber's yeceivey while he y
== lnH-pmnl-‘; to vecewe o bhase Stahan on the channel This is Caled no.
A Iﬂfenl- &—vecaving filtey Yegpopge
19 _—-—_-_5‘\-"‘"
S ! % \/’—"“’\ ~—28ignal _on cﬁd%;
5 \1
— T — ]
Tty A
. ——— > e
T Ifl //\ r-dels: \ A <—1mevfaence E—
:_ E[ __// \\Jf '519 - \uf \\ —
= ; To vyeduce ACT, We should __
= (mfnse moedulodian Schemes  uihich boe low amt-of - had Yadialian U
e (b) 'rnw-rul]” dgslgn the bnnrlnno.t: fiker al iho Y. ¢ Qjvey ~rmn+ end —
. (Qlluge propey chaapel m+p_\_|eme‘ma bu (]C}C;igp‘.ng nr\\;nrm+ channels J—ﬂr{l"ﬁ@mf_mjs_’
T — (D laveid Using adjacent channas in nA,n cent collie 4o doybhey yodoco Acr e
P cal cluser Size ia large pnmnh
o i (o) Separate the wphnk nnrl dnmnlnk Properly bu TDD o FDO.
P ) Reep  maximum -fvom_mgu Sepavahions bQ{:moon each rhnnm)l in q Qiuen
P cel) .
% ¥ channel assignment shradegies -
— mhF.x@d channo) nqmnnmpm\ q}mkmultcn) -

assigm ont 9hn+%%( DcAa)

S

|




| Elxp_d___ (;hODJlLﬂ.u_LLgﬂm en } Sh adegy

|
|

—- — —_— — e

. vd
Eachcell 13 allacated g predetexmined gel gf voice channels. ﬂmd

caw_ottempt wihin the el cap only be qowed by e unused (hanpels

_-—""'-F—H }
-~ |lin_that paxticulay coll. {ﬁ

‘.-f‘,—“" F -
Ly ol he choands ave occupied Whe col is blacked ond subsaiher | ¢
o o . {i I

~_lhos bo wart. L

L This- provideS Simple f‘”(l)'i{fld bot wovst chanpel Wdizadion 5
il L l[To impiove utilization a hmmm:n@ aption may be Gonsidered With tho

E r J tr

f,,,_.-n-bﬁl’i“‘“"n% aption _a cen \s alowed +a hayrauw) channes dvam a
_J/,___...&Pighbming cob it ab of s awn channas ave alveady accupied and the
| “"‘9’“5‘“““8 celle has S9paye thnnme_Bﬁnmnlng S Poxmally gupervised
| }“5 the ™sC ]
-
-

Mmac has €oi }(nmu!edg@ o mpnr'rkg usage of clustey of colls within de

Jurisdiction. So MsC ie naduval thmdsbm +0_aversee funchions 8Such ag

channel hnwouﬁng

Dynamic channel chmnm@n{ Q?—xc&oau

voice channels Ove not  anocated 4o drF-F@rent cells an a peymanent bhasis 1'.

Fach .@Mw&mmm_&mwﬂﬂ_,

fyvom mse.

Msc deleymineg  Hhe availa bility of o channo ond executes i+S allacation |

Pyocedore ncrmrdinghd he mMSC oonly alocadeS a given fwouonndu (yadio _;_‘E

Ichanner) {f Jhad -Fr'oquancg fa not pipqonﬂ% in use in cell oY eay oker tuhich éfi;

Yous witkin minimum reshicted distonce of %oqumrg veuse +o avoid CCT. |

'} Yodues the likelihood of cau hlocking tuhich Jncyeases the -}mnk;ng ;,
paity of System Eﬁ

.IJ;Wmmo M9c_4o_collect yeal-time dayra oo channe occupancy traffic
,MMMMWQMLHJLM_MMM
| badig

X

AT o e el e




(2E=0)

— e e e :“\»h/
= ¥ lcayl hiock.no and r{olml ab ol gite R

L In umatzss_-mmmuﬂzcﬂilomﬁusiﬂﬂmlbﬁl b_are ﬂﬂo Ooeia) | ’;:
~ Que stians. S — s

= Q2 How Successtul can o pew  U9ey 091— a tnnnLLhaD.,ESlﬂbJ)s_bed? — j
_'J_ b>I|After (onneckion _establis hmenk Jhow successfoly win the chnedionbg o
‘;——-—___ iotained 05 the pser _maves from ope ol to anoter { L
_-,, The first Questian yefeys +o odmloemn_ok_aew_mu_s_mm

", ”H-po second ape  yefers to the odmission of hand ol LOHBJ_-II?LMOSDJL'&W

= bath cases g gven by Imade of Sewce (lnps) s
g o II ————
: !J The  pinbab; Hu of b(nrlemn (p) fox ny caoll G+ any ime jn

. Jblﬁfk’ Cou System( Ings 9ue+om) i3 given by Exrlong B ~Fmrmuln i
) I p(hmrk,na) = C/ | - Inas [ (ryade of SOYUI(I‘_’) s
; “ s/

: H lwhere |09|Q:oquq-lpm is e Su&Hm 0__which any. _Ql:iempﬁd_____

“mll is logt i any Unused chapnels aye ook availakle ¢ istatal no. of ’
_ Icmﬂnpl
_ ” The secwnd -l-uno ot System 1s one in which q qQueve |3 B
H provided 4o hold caus nlhirh were +o be blacked in |pce Sy stem 1fa

#rhnnnm 16 tnovailable lmmpdlaa‘oJu he cal yequest may be delayed for

”Cnonﬂp time 0Nl When channel may be aveilable This guqhm is caled

dolng Quf;-}r:m 0Y_Queuing qu‘#pm The Dmba b;lr#u ot pap-2zZeyq delay is i
H P(dolﬂu >0) = AC -
I
I ASrc ! /1-A) £ A 3
=1}
] {945 i
” The Propability that a cau 18 AQJGH_EQY_DJ:lm.L_g]_eCHﬂ_H)ﬂD_,M
H‘L’ Secands 1S rnlrum—_}OrJ as X0
!l’l P(dolayp4) = P (dolay >0) X _H L

c-A

II o

/



1 nQies
ITexminolog

AREARARAN!

| Ayvival yale (A)

1t s the overage numher of cau veauesis per onit Fimefoy

e

eachUge@Y.

-
£
3

|

™ 1S the avevage tHime of a call that occupies a chan

|

Toffic | ntensity (A)

His a measure of channol bime vtilizakan which ig

querage channel ﬂr(Upnnrt& meaSoyed 10 Erianq.
9]

A = )H

T+ is dimenginnless qunh-h(;

[ lioHered $valfic
I+ ie +ata) amcont of draffic sent by usey,
_ts] Caywied Ivalfic

T is e +otal Served hoffic in We qenl-em.ihe MAYXimuM
pacsible  Cayyied hotfic is e Yotal oumbey of guailable channela in

bhe QHS"}'Gm (c)

P—
—
——

.




(1)

Mechanism_to_increase Cﬂpnr?hd af _o_celluloy Sysiem —

Ly

Cell e.pl‘.H:ing e

splitbing of col mo

s _own BS gnd 0 rnrqupnnding yeduckion 1n ,h@J‘gH- of nnimw,

-

Powey. N
Ly ltuith the Split of couw in glven Qrea as the Size e@J—Q d@r‘vpnqnql_mm\:
- Numbey of clusterS  gyo poagihle —
21 This isg i i | €S, ’

This_is equivalent Lo veplication of clugley move Himes —

CzmKN
__-___--‘-‘-‘-"-—
b Hence the no. of chanaels availobe oy the SameQeagyaphical Qreq
gets lnoreasod .o, Capacty s incyeased —

/t )\ /—, Lmr%gu

ba X L

7 VA A W

Fa N4 . VO

X _\

LY Py N Y vy
»: = L

o S %

<\
//'
N

Z N7 S
AN AN VAN A

]

N N /

l

AN i _
AN / .

Fig--TJms-}-frﬁinn of coll SPIi#mg {om Yod (s —

R+o0 R/9 40 Ry -




i

In e I'O“"r,_ul@ nn(‘uﬂ(ﬂ coll uith Y(‘i(*]l[lf (g! 15. f}g‘ﬁ”g‘_r'
wmcells ol vading ‘R/g’ gnd medium oS jobo Gmarey e

i yadwS (R/y’. dhe celj Sl L;ng weducoe, e cell blarKing

/,.——P’anh'm'“ in e aven aod incyeqces Uhe —ﬁrpmmnru af _nabile handaff

|
~J 3

m ol T oE)
~ :i ' f
-“h" s

N
gl

te+ P} Gnd U+ he the Dowey of Irrmp cel) BS gnd small
°rp’ll RS v c Coll nnth mqu K and R/, 'rgif.na(%uﬂu coasidey geceived

o P ot the lavge coj bnmﬂma__ub_ﬂa_ﬁ_mamchaﬂm_b_ﬁkfﬂ.—om— |

p ot Swoaller (M bnnnnﬁ‘nj Wwkeh 15 prapedional 36 2 {R/’o) a0 Hhe

—

ip

_‘f____%bﬂﬁg [‘T caonugl Te(‘?l'fﬁf{ ')l‘l;.;-‘rr nt rell hﬂﬂﬂffﬂ‘{lj (11 ¢ hﬂljﬁ
;..---""'"_I‘_ £ ﬂ - D—- (R/g]
g —n
— "{ \. j
: o, \R l / -
; ) = P}, = 9N -
L —— g = - .
[ & iy | | -
k | Ta¥:nn inlog a0 bath 5.des -
i \;: &} [<L1Y] |
i
—
w ’
- = Mﬂjagmﬁ
i : nse e 0 SCenavitls N =Y

hbjn%_ﬁ __/P.L., \ = 4¢ Jngmﬁ
\”2} X 19 dR

m_ggh{-,jla_ﬁm hee the yadius gr o M?ﬂ._m_aae_b.al:E




om——jvedvced by yeplacin
e | Sk Qa0 bH ~Several_di;

, W3 _direcbana_antennas (o 20lQolenpy,
— w(ﬁﬁuf_..g.e&o,x.:aa)_.i-_.:e__ e odkenna s direckignal

= e~ i il
gﬂa"u-““h_—"‘“h
) 2 e ———

(Dl coy g0 ckovin - A T S \

e The. Cochanng ].m:hcrl;e_r_enm__inmo._cmwa;g.%\/

§-a ._..B_f.‘n191_.2__,o.m.n.'Lemdu,ecém.ao.lh_a,rrkgma__&}&

rockio D.Cll.ﬂffkﬁﬂﬁﬂﬁ_Y_ﬂd}mag_w_l}b_im_ﬁgp_ed:f‘%/
> [ The Seclonng_| Smd.ﬂﬂ_&_b.H.‘ZE’.Q.O‘LLKLQ_,Q__.Q}.D.rajﬁ_ﬂm.ﬂj:_dﬂt ' =

..SJEL(:':Qﬂﬂg).CH__wJH') b_divectin

o

. \
nalantenna_al 8BS apd e aag

> Eq ch~3~ac£u.r__u5£s~a_“dix.e_cho.

igoed i,
P—— 3\9.£_~Q£_~Ch.anom‘9\\ ]
,“\L}_J}Le_._aum_b.

e Lﬂ”~d='-uidﬂd~hg_numm_¢sa&ms_,
Ly

P
er__(lf—ﬂmnne[s_in Rath Sector 13 o fyomhey of rhnn%

_____'_'_"-———____

A3_opposed tn ca aplithing

halu)ﬂ__i&_lmwenJ- trhile ]
dec : ;
- Kee D
- WLSMMQ_ %_
&/\M@%W
- el °- N T I
_ % NZAVA c
a 60° 19¢0°
_ In_rase of 1ig m
- veduced frem b +0 9 80, in Lsing W
. [s\ . on
— \
e [r /Omm 6
e
e 1a_case gof 195 o gc.mln«ing Tocrepse 10 S yadio - 9‘)/2 =5
] /8 \ = £ 5 W
T Jiectung 2 ]
, “: 0 9/ in 19 1 ¢
" S6, in (ase ar 1947 cop Qorl-m.ng’ he /T yodin g jncyeqsed.
hg 5 4imea in Comparisan -l_-nim_g}_m-,_mm,; ceul Qpc-l-nvlne
I —
|




Dats
ﬁ:: I ;
Dlipicyocell zane canceoptd J‘";’#\“"e Qv opticas +1beY

et T s -_( !. -T - :
—1 : i rr T m— e __h_____l -[ \_ . 2one | /‘\ Rg i
— i Seleckay | _
L RN |
[ 7 Yy N\ J
(A8 )\ |
\C =] s 1

I::'a ‘- Micyncell Zane

s

1
|l 1N Hm"-} mol«hm\ the lm‘np cel 18 gqpbh - dunde({ in+ao d'”:mron{—
a}rnnpq caled U-celd. Egeh M-cel) has Aq awn  low pawey 1y ansmicsian

) mbich iS connected +a ds RS H'n'ounh M-wave ay fiber Vinks. A usey inaidea

) cel can Cankaue is (‘Qu_lhmuoh a Same Channei i+ Was mmmomco&:no

____lpmuauslg_on_ﬂmag from ane u-ceu 4o anather. As all chonnels are

_ imn-l—mlled hu Same BS, the Same Channel S vetalned in apathey U-cot)
i
)
}

Every M-ceu hos its awn dedicoted low pawey dyansmitey

_ hal yolaus the Signal ot has been 099;'8n9c| hg BS. 90 a8 ¥ ses the
1¢}

Sopavrate tyansmilter the S/T yadia OF any point is increased.Alsoas a

col) con be divided inta diffovent M-cey the na. af channels dve alsa
—lincyeased due to decrease in dustey size, AS same chanog) is vekained in the
__nexy y-cen tere acaxs no overthead due 0 handoff The BS jusk Switches

— ke Qyiginal chaaoe $o pext transmiley.




I] N\\\/
![’lmulklole ACcess ‘Terhnolngies H‘H‘/
| \\

1 /
U Muldiple QccesS 1S 0 Single tyapSmission %emm-ﬁhes_,o

/
lm hich 4woe v _mMmore upgey Lyansmd Whe dota or infoymario0 +a Enl&h&\
r

L4

__u&aa._he_Sﬂme_;mpﬂgomn chaanel Tn ardey to aveid PlelLSmn_bem

lho dada Sent hu moulipe USers on the Same channel Same mey, |SH/
umrp bsed tuhich qye rmJeA mthrJ— "PYPO multiple arcess Hnrnfpm»;_ym_‘l_K
f
- f!f(]vp Same methods +o Qccess the Same chann@l by e number 'lLUSEL‘i\/
“in oo uncaordin gded way thot cavse the grent chance of r:ol);qfﬂ_g_d:\f
dr\cua The access methog lhmt have Dyahabil uLu of dota colisien qye ”Ld\

hrmdnm Qccesg  methods . Theye Gve  dyn £u099 of Yandom arcess e #_____
(1)1 AlmjA

o,
|

(L){“mnuﬂ

R

Cawier Sense Multiple Access (camA)

\

The +ime vyequired +u hansmik npo packet is caled Sind.In
ALOHA when {mnt‘,m}gg;gn *me +Wo oy moe

each other, twhether the +ime

ugers Qveylap }heu desﬁmu

e (‘anIPJ-P ay Dmr)-;al nuerIaD Thp

mavimum interval over which +wo packets can oveylap and deshau each
IS _called Vvuloevable period. The mode of yandam OCCPQQ.n which

USWQ can tyansm;l Ot nnn +ime s cale d puye ALoHA.TNH puye ALOHA
Hﬂkdqh:m Wheve the lpnoth mL packet ;g -P.xpd he VUlperable peyiad of

“er Limes sloks :
I ! 3
N _ £
J/ :
.Y ™ o F

meng,od Vulheyable period




3 Ln_mnn:h

'[ 2| O Ran nLﬂthl
//—
} hnm fnn»ammﬂ
/"'—

[Ql ald. S0 as lhe pachets

ot calliSan ad t‘ﬂ‘l‘

e i et

g Slat bz Qach_xele enred_to_as Qlaked,
cdbe_impased oo_the _chaonel_al 8lok bound ay

~0

e
e

o s Ao~ A |

U4 ummﬁlﬁ-.Lﬁglﬂﬁ&d, ko |

f’ﬁﬁ;“

Q__due o camplede averlap &Llha_.packcL

ime anlu e o thig

esexs. Tho vulag able peviad 10 SloHed _ALOnA 19_thus_ane_Slak
QO OXimom Iy nuah puk yate of _sladled ALoHA Ls dovkl e

e g =

_;H_L.HLG} n-f puye  AlodA

i
L
|

h'hmnahmr}: of AlagA Qusk\m

I
}
1
§
|

(‘nm.dm [_be We mean numke

nlhpnqw a0 pae time Siak N

J: me cons;der

v of v altfic oumcma_}
e tyaffic imposed op

lchannel_has, paissan dishibution jhen Mo probability of K pumher of draffic
{ohononom-}od untbin  Slat can bhe pmo_qt&cL Qs l
P(k)"ﬁg b1

K\

Sa -[:r_n he Non averlap of lhe Racke: there shauld be no ather
packet Qenevaied lie. K=p)
E;fO') = é[n

IeJ-}T be wulneyabie peviod -hme,\hon

Blod = o’ :LMM_W&MMWMLM&L

=P [na ather packet geoevation Within Specific s1pd)

Q)
4

- S

consider 'S’ bo the thraughput  defined as  Successhy trans mitted

boffic load in the given anriLc Slot, then Prapability of sucessh

:h_(mem\c:qinn s exmoqfsecl as

.. Plsuccess]1 =S =P (o Q¥hey pc‘rrkpl-q %enemﬁnn durmg the Specific 90t)
f m
we can (vite, ' R
-Tln -1l
_C_i - Q :_;} -he
(n

—
T
—




now _for moximom v @Ue Q:E%lhmu_e%&%-——-——* T,
desnn = hl-p)e e —all ————" L
dln i e \,

=2 ETU‘I(]'-_U”):O \

= §-1lh=0 , T

i (,n pe=d %__ X#

Q0 \\.‘_

when [n= 1L 5 S< qmox 2t

= ’

“TIX Y L s

B Sﬁux:‘k* £ = ey
. - —

mox Te s

Eor puve AlouA Fulnevable +imelT)= 9 Lime slot and fov Slobed Alwy

T-1 }ime Slat an,

S —

= L <pn.184

= S
moxX— POye 9¢

(Smy_)_gm;_L = 0.-%bQ
e

——

(9)

—

CsmA

——-—'_—'-—'_F—'

In conmbadickon +o Mhat of Aloua his yandom Qccess —

‘l’PFhﬂg[_g_sld avalves e goﬂ_giﬂa of channg] by ) Sey befoye 4‘?&03“1‘55’@"

. conmtyol 9 &
(SMA i3 a0 media occoqqnpm[-oml 0 which a nade VevifieS-

the _abgeace of qihey tralfic  hefore +YDMmﬂ:H_09_o_Q_0_S_b_md_ﬁ“—“W

mediom, Such a3 elechical s oy q hapd af eleclyom

A tansmibey attempls +0 deteymine whemer a0ole

"‘Yanm'S’Binn 1 N’
) IS 10 Prgyess befaye .m}la:}‘:ng Q_1ransmissian qugw

Sepse mechanism 1-e. ¥ deq 4y 4 , :
fyom anokhey node before Q.b&mgﬁng"*—eg h“é%}sl‘:;f?.pnm A & pnmﬂjigﬂﬂ/

.I.I_\‘ —



l_l__ ." - o] i ‘,‘/

e e LR NP P = = N SRS B — = W Pl R

Non=_persistast.cama

i L

_ T i oM, e dyanamidler Lol tenyes. the thannd

Foo——=

then. i -LS_.I.\‘_CLCLH._-EQ__?L‘LU ook, e beanosmiller tenne e  packel o me

| chanowfSidle oathevwise  warls dar o andam_amoeunh ot Lime_aod Gguin

gends he packed.

—= R e T s e T oy e e e e R e

o= - e e e N T e T e Ty

lvpoyla-}-nn{ CSmA

S o e — T SR e o L s e e

- —10_dhis CamA, dhe dvansmidley ok aenses She (hanned

when ik is veady ‘o gend _and if the channe toldle he pockel 15

ent but i e channel ia _...bU_ljld 1k OGoun-H.e0se9. e chaongl odbera

ceviain peviad of dime and sends ybe packel only when chonnel is idle.

fnfl',;li(:r-'{:i eo mu_l{iplo accessy

e

FOMA (quuonr% Division Mupkiple  Access)

heve Yhe +otal bandwidib is divided _jato Non=overlapping

—

'F\'PQUQDCI(_]j subbands _ Each usey )8 alocated a UGLE -rvacgunn_rg qubband

for_the durakian of the coaneckion, whethey the conneckion is in ackive ar.

idle State. In the -quuonnd domain_the 9ignal {vom_Qach._Usey ia

bansmitted trough diffevent bandpass filber. ro_arder to_avoid inteference

between the uplink and  downlink channes, the fiequency Qlocated isto be

Sepovated by a Sufficient amoont and both channel Shoold aperat o

differont -Fv@qum_q_]-_bnathJ.s_d.j.mmmqn{-‘_:}.wwm_lssm.o_c,hama_uﬂn_dnwmm

and__uplink hnnnus__ﬂmad__-{mqupng divisian wplexing

(napoor [ channel 9 | channol 3

) +atol _available _bondwidih

S, uplin K chaon @l L Dawnliok chennel

Sepavadlan. - -
(guard band)

Fig:- FOMA



I

i qstmﬂéﬂ, =
. lhmo pasian }Tmhm\‘i ﬂ;zwle_rhannm {Lmem

| oy € Q

:. onntmh Q9
n’r £ s and the ]pnolh of Jyame 1S |nno %
R L nnce DEY;anmp Ta q

SMmi
"m SeYVICOS has ao nDDUH'Un.J-U +n +Han

h
a TDMA dvame is further Day—h,\.nn@r{ inko Hme olots wiheye %

ok (\-‘j Qln L
:ﬂan%mr’- Jheiy data o Ve nq:;oned qlats The assigme

;-F.x;?m dunnmlc Tf the Ggsmned lat is {Lixed fom -&nm@%,

f]»ho duminn nfv mnnpr—Hon bhe LSey hav@ +n qUnrhmnme +q oy
Gett Slots and is caled sunchmanus TONA.1If the ©Go¥S Cg

-

U hyough any ane of the Slml- o a frome anly attey i+ has he p%\d

_——_—____""'-—_
* i_‘ STDMA

_—_-_--_-_'—-—-_._

is divided into rnn-ho{muq 9‘049&[]]\

'Hnnqmrt Ay YeCQWEe qane m*FOTmO-hnn Unﬁ

HSTDmA aperates 0N aq {ygme- hu -fyame basis Donondmm 00 the magperin
Iluh;rh -rvooumm

1 IS_Qliscased STDMQ can bo Lu;debnnA 0Y_NDayyowhood

| T+ is widehand TDMA W the channe dme 19 divided inta
\Q,\nk‘,‘onﬂ 00 individuna) (aey

1S allawed }o USe Ve onlive qvailahle
Em Hansmit iks m'FGYm(H-I(]ﬂ ¥ ) QgSiGoned Slot-. —

I HQTQ the ohannel dime
Iln-I: which ig Inng onnuoh +a

a B e R S i
j_\q{ Slot | Stot Slot |
, Y —
D H—/--———-na_‘_/ B ic +atas freaveny
Bs K 7;__““- ¥ banduydin auocoted B
"———Ju\‘_—_ )
N — ,// Uplink $anamissial—
—— || /
I T Z
| Tl {7 R
D —— TLLLLY mﬁ“'@m}w% /
- e B >
\ELBW -




= ey
o —Th s namawbund THAA_iE by wau,U bundUmLH‘) -
f__fus;t_dlud&clwlnta.,fmqum% bandwad. 09 Mo _chasne Hme (oores pmdmgkoﬂﬁ
f”e_achffwmmﬁm baad s divided ko Vime_sialufo pockel banamwanaﬂa%
| the data vale g deceased compared bo il dehand TomA_ oo -4
—J—T :F}\. q“‘r",] :lﬁ | ) ok | i
1] { i o B u
- Fna_qumrg | :{_; S S 1| r J 0 S ~||
suhband L g _ | [} J i ! j . e
- 'T‘ :- [ e | J f f N i
thhand 2 | LA I | | i ) i
ra L] S .
____,__3_5_ ‘L ] E ; | iJ _ _ R ~
: o8 bAam L ...‘
]

I .
B JiE | " :
Subbaod N P -
B N ;
frame | fyomei+l frarne | +2 _S :

L
* |ATDMA B .
T+ g implomon-lprl Uging Y e9eyvmion access. mechaniSm.
'8 {yame contains_two Bogmonl:s _
I bThe jpnr\.'_ma gsgmptﬂ- thot contalas_mini_yequest Slols
— submit yoquests for glok allocaion. ..
Lshe Hniling ngmOn')' thot conkains_informakon siets fay pm:kei: ,.
Honsmission b

Requ.esk qubmdted in Yequest Slok in cument uplink {yame il ,..

be vecelued by Bs. Based on LoHoymakon caﬂkalo_m_x_mm&k_v_uiut,_!&ﬂ_o&goaﬂ

h__.mlloimm,aa_gmksjn_mauesh ng—uses 10 _nexk downlink fam e__cm,igauesm

\i

ubmitted. in cuyyent Fome _wil_be accomodated in nexk frame. i
sl To_ shucture ATOMA {vame one can Qlocaie a veauest sletta ;
ach_0sey 00 peroanent basis. IF there are N _nserS the vequest gegment i

i

hag 4o contain N._yeguest Slots !

i

—l| L‘J
~ "i

k..



__——-‘_..-—.-_—__—-:_ i o Bl A it

e85
CMQD——MLG__&L madrﬁpﬂﬁhﬂm nultiple  aue 55 .My 94"3 ; _
- Q_Ymﬁﬁﬂ.ﬁ.ﬂ__ﬁﬂj f(,jlﬁ% 1800, "i-“.tﬂj\ =

- ?Ah%o M ngmeJ/if - *’ﬁ“m:
_ laxger d Mm_b_ﬂmﬁwuﬁinm i
Smnm use

aved pseudo tandey
Ihko hehaviox lhat axe i

) ——
| n_yapdoin Scqliencs
"conpm}m and & preading %m_g_m_.g_r_ﬂlmd——Pﬁ—LUd : &1 By B

4 handmidih nefficent in cosed g, .,
_ Sequence. b le this Quystem 1S VeX itgle

T

I

———
——
—

'[JSeY e nd\mnl-ﬂae n-c Q.mrond anthnm jc Whay many J5e15 Can < "t’&_

] =

emslu Use the Same handwidih withovt Qmm‘FJCOD'HU IFH-W-f‘fum LN

Ionnihg'r Tn case of muldinser Qceporioy he gy Stom 19 iat’ banduids i
@-H}npn-L and 15 the bhase +orhnnlnou psed in (DrmA. Tne Gmcadﬂm_
_aj_p_dam.admmd_m-_m Yo CQjuey -}n wmove P gequence and oybiact e

-_IDYlglnCl] mpqqa%p_

* Direct Sequence Spyead speclrum (Dg-gg)

I A divect gequence Spread Spechum Su‘;’cem Spreads he
anrqobanrl d

o+ Q bu dn’pr-Hu mnH-mhung the bnf;chgnd dain priiges A 4
iDQ.purln Doise Sequence H—:m 1S geneyQded h.,

oonavmmr A SIQﬂJQ DISe ax Qumhnl rrF_DN mova-ﬂym
lF:ﬁllnunrl(] Qe }'hO anG‘{G

i' m (4 m‘%‘]ﬂ%ﬁm—ﬁﬂnamﬁi—w nad yeteivey —

co (eAf

19 coMed Chid. —

RpE K -

PN code | 2
| e N § Scilldoavy |l  —
“"——-———-—— Claclc mﬂﬂ@m&”ﬂ, "




o L i—C)

P e — Tttt e — " - ks

| .’___wgpcohz.ed AT s ".'.q_!L.Ln.\_n.\figb_uu.,ld:.;t.'_ R PO Leaherenl: e abecelved | B
__—eigaa Syt — L iy § ‘ DK WJ dula
. —,— _‘_f...r.l.uu‘wd \
- S, A —— I . ’l
I S S W VA . . ]
; _u__?P_N code. ﬁ;f d#-J'_E,Hﬂ.L’IJHJULZ alas) g |
|- QLoexalox) 4.8 " -
L

—E"ﬁ'-‘ DS-5S Recelvey

qpeclyal oﬂmenm&

B e 1

Spechyal Q-F-Pecipnr'g is the _measuyement_of how_dalas are .

tyapa mitted troegh e quailabe handwidth _Qnd with what ¥ake, The

octyal PMJclennd ('ﬂk) can mguﬂemmwmud defined a3

_i.
.
|
4

nl- total no- of chaanels available fay dota in 93%9:1)

=l

(system bandwidih) X (fotal coverage avea)

1

unit of h‘:. chaanela/ mHz Km*

=t

T is also oxpvossocl as

“n\: tota) +yaffic cawied hy gtdgkom

(system bandwidih) X (kota) coverage area)

Speciyal e-m(lmmd of FomA

| 14 8415 total auailable bondwidih, Bg 18 guard bandwidhof

each channet Yhen +otal no. af available Chaanels il he

| NS: = QR% =>B_g = Nng+ 289

| Loy BC ‘

| N Lot NC{-C be no. of allocaded contynl chanpel and Ndu:iobe
no. of dota channels vhen,

t aa
S0, Bg= NeacBe " Naadabe T By

. No=N TN
S C d




e o
fjﬂﬁﬂ eSS e - T,
——— _Ivansm) se
i ool bonSmian
where, Ny 18— o ~
' oo i i 0ngmis%00
= f.u_oavalloble 0 —— _— 2
i okem Bl —— e R
| =) — - :
J ~ N....\nn___@(;___._.—-—————-—‘-—_ —~——
s aOta< )
lfl 89 _-—__“H‘-\“‘
jgp@dml P-F‘Fffi(’ﬂ(fld of SH%{—om N

| consider g be total available channols, 10 rﬂs"e‘d—‘[ﬁaﬁ ‘.,.

| : ' i olusey 0F Size N 0 Incvone

YeuSe Yaka Scepavia Wi N (9 disdyihuted ip ClU ”‘Qﬂ"’i-‘h&__

qustem mnnn{H 90 _4akal numbey of channes pey custer 1%
(4] r 7

———
Ne = N = BQ""BQ— ———
= > th 7 CioSter B -
Now, c

g,
|

of N conts the+otal ng. of dfﬂ'ﬂm —
T dma/qvustes LMfFJcluBW H .

_contval chanpel yespecHvoly (n clhsdey

—

—

|
.' N ol X T N
1 5 Ch/cluGEey dara/cluStey CeC/Clustey
L ab

7

NASl; ) ! = 83_289 o

. B¢

e Nom} q.ppr{m\ P-F-Ffrienm IS
] d

-

hl = Yoka) Oumhey of data choomos in Clustey s
System B.w X Aveq of cluster .
——

- Alas_nofe in =
= Hinide prabahildy ‘%&iﬂﬂkﬂw

£ %
— %

'
sesait | - {

= s

—e 1| U //
%
— ] __,//




—

!
i
|
|

y_}) 244 14w

-
(i )

/jznixﬁ—kawii\*\éihﬁ H } ‘\1 ul \ n\ \J\

BN & S -G 1) 1T S 1 11 poyeeploge ol bime, Teinlivd g
/,1——-—""“‘"—

/4_‘%:»33 nm@amul\n\m dada Amhal 1 vidi )y humu

:
N T Hwedation - preamble |
B = e duyadion. fov Ly ape ’ e ;1
/"F"T-?-Fv__
N S ?g- = m.mx}“‘lmulmn. S : PSP 4
- ¥ia= oo of dda aymbes i ooch_nlalk
| Lo s taba oo, of dala BSTHT) VY T I S
e T b ;
/_(_,M_efiaumm_(nmﬂj Do- Il{; P "'ﬁl, P
_’g.:rf:nwhnl Nnt\mnm nf NTI\MA o S D T .
e R = Raoduidih_of ncividual usex (8ube 0B

“ nbev o Sub handa .
. ;:- Rn - Innmfl bﬂmﬂ_l’_&; Pflﬁ-mfa NS WY W = s
| neobsubbandsings Redfy

Be

f_-_--__ﬂ,ﬂ“&l—‘-hﬁ—)‘]m% and lnropm.l.]mahkﬂ C'aﬂEJ:mme:b_

AN

o T B——-. 9
Ly
7 AL T S SR S o
T . T gy = S Rl i i e
= o e e B T S e W i A, T il
-y o o = =~ TV TIWIS Y. = T - =
- SESRE ST T T ek el oy
= oy - s F s e S s e ~ B e




. y ~ ..\_‘_____“--“‘- ﬁ
cou rnnﬂrl'l'ﬂ—_ﬂ;—:rmﬂ//, j _ e
/Mﬂ

/"
] Munlg ot ael —
usSerS e
in_gysteml. ———— -
Tota no. 0f DSersin >
L —
—
—

Ng = N X N wheve , Ng= for UJTQLMMH

Bs= N1Dng

—

- - ——
So the tatal 00.0f TDMA channel pey cel with 0Queny vy,

£ ¥ o =
factoy N’ il be Ne= N XN

—
N Xed r‘nDnm’:u of (OuU]Oijjd&.};em

usbally nsey can’t send data in #S SJn+ and hence H"ﬂUS_fnnmg_-

of omply siof in Pnrh frame. Lot C‘m dengte S0ULICE nchm-l:u {ackoy d@ﬁ_gi%

pexcent Hime that 0 canaected mabile USey 1S nrJuaJJu Qeneymmg fﬂ«%vw
dasa for dvansmission . cen copacity 1S

—
s

mC: NUX Nﬁm

—

NXSp
T

valpe of 84,_, is +aken ag finte valuo less than 1 in ATDMmA ond
il 15 aromA.

___*IDs-qg ol

Recowed 3pyead S pxectyum

for single yge |5 R
Q35'—) ”E' i) p (1)

lslinfd+g)
BB T M) - d ata geoqueat —
— S - 9 = >

1

® ) " - __—__"_’_..r"-

—_— ar ) ) 1 2

S =, : S nd in N3-S message—
=20 _QlHpt - alale S _dig 4 P 1) :i |

=) J.M

2800l 9y i+ 3 deng mulated Y
e y. "/.




ﬁ all Admission ca otyal (cAc)

-/--——._}_:'_
/—Tfm-m’-fh@""‘ and 14 OA”iEEﬂ_ﬂem_cmL_yEOUPS'}- along Wil Same N andoff veaued
| The mechanism ‘hat Supenises jhe admissian of pew and handoff can shauid

, @—:uu_______—_ ) I

lun -3+

,l!r‘lohi!iu mﬂnﬂﬂpmpn‘}‘_‘_ﬁ_unm]pqc. NnetthoyRs

The tatal capacily of Qny cell is riﬁ&d_‘l:ﬂ_b_ﬂ.ndl.Lthangmﬂg_

“mn-l eCt ihe lmlpmrl:u

of nedmovk and aql; sfy We user Q08 Yeativement, thig
mechmmm i rﬁﬁpw@d 10 as cqu admissian caplya) CcAc)

/"///

e

’! CAC enswyes the network w&pon}u bu TQ‘;-}-hrl-mﬂ Yo acwesstn

YK _Sa as Lo Qvaid oveyload and (‘nnnp%Jﬂcm suppase baod N-1 Cques

laye 00galng in q cen homno N' na. of chaonelS wihin CAC mechanlsm when Q pew

”yoaues-l-(erlhor Dew ruu/handnﬂ?) 1s encountered it calcnliates the amaust of

vesaores fivsl If Jhoye aro enough yesawces +n admit the o cal such hat ile
R0S Yequivement and Mage of

Onoomo cals ave Satislied then e nem call is

!ndm}'ﬂ'@r{- Ac i+ is maye

fmnm}nn} +n malnkaln the mnhm;&u of aDgaing call

Yathov than the admission of now calls he priovity i9 given +a honr{n-ﬂf cally

+0 new call voonasi— n-F Such sitnolan aYiseq,

Lot P, be new cau Hnrk.nn mnhoblnl-u aad Py be the

handoff cal dmnmna prababi hqu The [rm% can ho d@‘Fmpnl bu imnHu +aki

g
bath By and Py05

| — (J‘mc:: P+ AP,
R B n

Wheye o« >1 19 q balrmcing Lockay foy h.‘ghox pmhnbil'rlg‘

\‘K..&_Lngi-l'i?ed call admissian

| The handafls aye gmen maye mlou%u than new can fov Jhe
.mnnnapmen{ of admisSiand of vequest hased an mumml:u the ceytain no.

lof rhnnnols aye n)yondu Yeseyved foy handodf caye 'Ih;q concept ig
._Qnmr! chonnel concept o-F CAC.

——

F/////




\;_'\
ed,m—ﬂf-ﬂﬂﬂfﬂimﬁ :

e J—— - J—yw]ﬂ

. congider Ng hefmimm.wu.muﬂibm_u‘m&ubm
N be lola) no. of upalocats | .
aélr;mmn e |5 foNowng—— 1046 yequeak :\\\\
3 Tf Ny, 7 Mg GAmIE o100 ¥ only ™
Ly 1f sy by 0denikhandolE e auesko0ly .
A ot e
- -"'ﬂ-ﬂdﬂ-‘g’— -B\megm L *’;S au the information concevping 19-the_chy,
 M8C collec p 2y
_mmpgmy' okodus of all e bose Stadens of evey Y clysrey %
|| MOVEH_bebween cos m_uae_uuskey_auﬁersgm_b&«im_mﬁﬁ_hmdﬂﬁﬂ%&

- |execulion areNandled by mac aod thex 2 " :
- {hdenlification_states. Tis mode of 0peYohan 13 indyqcwitch m¢&[£\
e _When_he  mobile _maves dvom ane cell kn anather Coll ayersy,

kbl bH anobey_199¢_conneckon idenkification ckates has Lo he —J—mnsfen
|Ldhe Luyyenﬁﬁsgmng MSC o _new MSC. Thie made of Qpeyatiap iS jme

ban_dafp,u__*_ﬁ_q e

I ______J)gnmdm.a 0N__the mimma}mn uSed
H:Lhandoﬁ »Ibe_memads of  hand off aye

— 1T ¢—tonbrolled:hondeff (¢pye)
. 1__H=ﬁnam~wﬁmm“dﬁp—mﬂﬂhmmamqm
@Emmn& yia Yadumﬁﬁbuxmﬁ—hﬂmmwg Wil incyease he
—_ltom pLe_xJ.lH,. _:a.-{,.:mqo._b.:)*_av.anam\ —
_ i u.___,_._w_.___“k{,em,_ﬁ | ] J
f-wm mobile.,md‘uﬁmu%%w
o bmdodf, %mﬁuww

and actiap taken 4o inibime




ey =

Pagge
.,:Mnhue Assisted  haondoff (mAHa)

leve, the mabile dexminal_ilserf copecks the algnal nual.dzy_

‘nfarmotion -ﬁfnm vaing and Elu:munrlmg base 9tadion_and dvansfum i

+a the MSC H')mugh C}pwmg B3,




