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Submarine communication, avalanche
beacons, wireless heart rate monitors,

geophysics

Navigation, time signals, AM longwave
broadcasting, RFID

AM (medium-wave) broadcasts, amateur

radio

Shortwave broadcasts, citizens' band
radio, amateur radio and over-the-
horizon aviation communications, RFID

EM, television broadcasts and line-of-

sight ground-to-aircraft and aircraft-to-

aircraft communications. Land Mobile

and Maritime Mobile communications,
amateur radio

Television broadcasts, microwave ovens,
mobile phones, wireless LAN, Bluetooth,
GPS and two-way radios such as Land
Mobile, FRS and GMRS radios, amateur
radio

Microwave devices, wireless LAN, most
modern radars, communications
satellites, amateur radio

Radio astronomy, high-frequency
microwave radio relay, microwave
remote sensing, amateur radio
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High frequency [v]

Very High Frequency [f]
ultra High frequency .[5]
Frequency Super High[#]

frequency extremely High [v]

3o il e o 6l S g ——

08 093l sla 4 -V -Y-)

Ly o e f 5 ¥ 4 S sb a5 BISNMPDS 550 e 5 ST o 1S 505 O3k 2l sel b L 4SS5 Sl s

C3L 3 gy 0l S 5 ol 3 IS oy il il L K s iLine of sightl s Lot 50 3 O ale (gls S

sl

0 ;S g okt 3 o 45 ool ke gla OISe 51 s K g Scattell oS, 50 5 0 gsle sls Ko

D05 55 il ge

S o a8 0ol s a b KBl )3 RReflecting Networky _G5L 56 5 0ol e S

.&;;M}QTQ)J)\baw}ﬂﬁjevﬁjg

sl b 5 s S 5l 5 ! Broad band optical Telephonict sy L L e 5 055k sle S

s 13, 5 2 Y ColkST L el 5 O e JUS] dlas Sl sle 5

FOT e YLl 0T gl Cuje il s R8I 5 elpml  ads 3 gl o3 Ogole sls St ys JS 5b

S35 sto ST



OT&K)}{%}JLA‘J}J‘J)};){WL:AJJ{}‘} M}A}ojmdu&gda;).\mﬁw&&u@;\4:#;&:\

ol RS gl 53 oS oz p 038 5 ps ) men 5 el ln 5 OT Bl 3 0 S LIS alS L
Wi = Fi s s -v-¥-)

&J'.«L«f@)\fﬁ)}&bw\fﬂesjbu):jwﬁ»ddu&uidvudj:j)\sﬂ WIFE|€SS F|del|tYL:_
S i, eV Gl S aS S s Cad 93 4 s gdoee pl 45T (yls mefe LY :)b):L;:ﬁFi—WiLSLA

.:},‘:@M@\Jufnjﬁf

WIMAX la ao-F-Y-)

el 5 AKENY 6 O oil8 3 03 uoms 5 s s (2 (51 4 (g1 0l €11 s (o b s &S5 5l 55 0
(233,50 715

S 13 B il Ol K 03 5 L ol (S5 5 BIS sle Ss 0, Wil F e s Sl S
ples o 1 SNl ol Gty S gl et Oguly Wil 5 (o (g nd DIE Sl ool L o (gls 00 i 3

ST e 3 g Clad 03 g 53 5 g g0 (S 5 sl

St ) & das Jasl 3 Ko b s blE 3l oslizul O3 45 Lls 3 5 sWI = Fil (gls 4K 1 (gl s 1 iS

iy 8 (slasDAd HOC v o sls 0

35 s Yl LBl g 5 list L (5115 s 35 4 Ol 55 (o0 1 m,ﬂ&&u&,;‘ﬁ@gmjsduuﬁ,wyw
ol 4t b 65 w0 45T (655 0 ot Ale 2 DL 1 05biall y b lealanseylit b gyls sls 4K s

O)u\{)oj|3|)4§?&d§1‘}:§.ﬂ'lix)}k{.u|w4§@\W&dua;ﬂd\ww&u)\:}b.ﬁ\é)p&r@dg‘b‘
A les Sl Jslies s go i 5l ol aKii b le 45,8 31 oslizul

Wil o Ad HOC L Lol v o oSl Lt (o) oKt 5 S 5,51 Jlae

Ad HO s (sl St¥

5 ol dolin 51 Ly e 5 S0 K 51 (6580 555 0 0t ot oyl 5 Ad HOC s S

c 03,8 Ay o 0 SBLI 53 ol i e 4 s b oS8 ol 3 (ol w03 S Iy 528 1AV L

256550 55155 st 5 Dl S8 4 KuSK 1S o B o o S g 1ot JS5Ad hOC s e



s 5 bl sle S b HlaT

2 ghem 03531 Olgar 53 LLiSl g 55 opl (S s sl 0555 o

23 s Jibge Sl Oyl CEPT Cslanw s s Aiy dl= 55 byl Ol sl 5 Sy 565 5 slaslsl b
5 S5 o3l ¢Sl Ikl (Slgatum & 53 i Sle )SKan 5 Llad o 6 1y bilise (5558 dru g ¢ Jsbign oyl
el 03531 5 g3 Lo 55l ol sl )

35 45 s ylileul ol Y gazme o teges 51 SG CEPT 5 fbikeul col 4 § S5 GSM Sl NS R I
31y At el Jliows Jbe bse CEPT (g5l 5 lasbinl 87 51 ol (6l Sl 0305 anw 5 L 5 )IGSM el S

Conl 43 8 O 40 144 Jle 53 e o (55

European Post offices and Telecommunication=CEPT

S o )5 S blse S

Joee b e 536 (e s a2y 55 OulST L Dl pliee &7 ol 51 adetie Sl 1S 1SS e o B 0l o

Sl 03,868 a6l S8 ol Bg 0515 5,

ol 5 Sl i 585 55 &S zie OSeCl &S 2 035 itme glolis U "My " Ol e s s gl o ey
5 5n 855 0T 4 5058 Iy 1 OT ol 3,503 5187687 2tin oS o8 o o g o )10 e 5 4 5 S0
S oo 5ok Coand CATZING oo 8 1S 55 0T a3 L5 655 01,805 4 5550 il b iy 2 05 e g Sl
Gl oo 0T 5 487 s g 33— Sl adeiin Ul g 350
A{Ju:Sﬁyﬁ‘.AJ_ts...)w&ﬁdum}&a:a)w;@u&@\"‘Sst?&wjﬂ‘\su"&.\gw
3,5 or plol Sl 0 Juaze 0T



il oo Lyl 1y 5 Olaseie Cub il S 4o b 4
S e plulii by ga

OTLOws a3 § ales S Ladeiun 0156 .2

. Joee charging .3

(5l Slgm s o €101 4

Aol 2 5 s ot gl 4 (S5 58 Bl 515 Sl o 05k oS s Jrlse (B8 pliaabns S L filge 553 5o
S S o (Ol s ) 5538 Calisee LB 55 55, 60 53 (S 5 s 0 i | 35 O

¢ oS o3y OT 51 1) VU anainia slez b 4,85 45 ol ol I g Vi

e O3 s b blge (355 ol (S50 3550 0l S35 51 JS(WITELESS) b bl 5 U1 lal 3y b
DTa S STBTS flse i 0T b 5153503 Lol (58 woalss Coms 0T 0l 53 Joao s T 53)3 58 (o i€
(e o 285 95 Sl )35 (0 Jos

W sm i -l

b 5 528 &S0 S i ples Dol 487 15 (655 50 5 (035 O I Jiews) &5 2o O ks e w0 fobse 5o
S 53,8 ) 3,8 15 el el s Sl Sl s oy b ass 0T 53 bbge e s e odias £151 S5 S
S el (gﬁf@r@g\wm.u; s S o Oles 53 CWHLR 5454 . w8 (Home Location Register)
b or sl 58T G 5 (63 gutomn Bl )3 Lam b oSG 55 S jete S s 4 S e

o U (TS e w3l s | 4K Sl eslinad DGl oS e o 4l 6 5 SIM (Subscriber Identity
Module) 31 - conl i 3 ¢S i ololid alwy Syl8 ol a8 555 sosls S8 SIM Libge 58 55 &8
20T o gaims )l 53,8515 HLR 5 88 olas 0l 55, 487 588 S1lnS” o il oo o5 2o 33 8 08
b b o g ot .l

Jlse S 53 5 22 0 2

OTOKe 02 2T 58 el oo 0T 03l 53 0T 53 & ST L A8 (0 0 0 408 3 &5 20 6 S olSln
S HLR 10T 0 op 2T 5 655 hbse o5 & dal o oS 8 ol ol 558 o o HLR @ dm 5358 o oow
5 2 855 blse

< charging .3

5 ol e o s flse 4 S (s 2 AT 03 ilse S o plie 5

w8 e Caleies LU 4 5L i e (b 535 355 (on e a0 T 15 485 Ol5ijle o 4 01 g5 1 (S 20 Sle
15 Sl g 53 0351 O 03 300mn 53 S o ol ChATZING s 5 055k g g 53 DL ke 3 5 0k &3

D (S A g g 50 o8 gl

ol g Slitas 5358 oo o)) Gl Sl 50 10 457 01,5 53 655 o 40 9558 sl S OIS0 iz 32 4JS” 2T 5
(o5 (or S 0ins oy g S 50 53 aadlSe 5o w32 ool Sl 5 530358 (o Syl Sl ) s &5 0 (5 il 5
5 g 614

st 5 b 51 bobse & okins g g s 2 AT Lo g g g g HLR 55 bl g 5 s a3 575050 o0 5

Y



AllSCe Ui fro 555 4231 S 2t Lol - g STl i e ey OT g 55 0pled Sl - S

'JJ;@)|J56F“JL:3'|JJ°MJM.5}“

(am3 o ol 5 187l ool Joo s 0T @0 il o7 o g gon Olod Sob a5 )

S o5 6 S flpe K 55 il s &K

Sy 3 33 sl o 350 53 OB ST a1 6,80 ol pon (glo il (518 S Wl 03,7 SE 05 Ll 4 b
a3y Cllae ol 53 LT gl aen b (Solu & dalss o ST0US0s oo (g 3590 ol 3 LT S bilige
(s b3 1 S Sl 5 I e Sl oS LUST1 0l g ol en il ST Sl asls &5 0l Gl el

. g . M
g o Sl 655 2 P s b

4§55 (B3 5 Jlosl SIS pl b ol pon il 3o b 1l ol S5 el 40 oS SB35 s Sl e 61
I il o e aalsl Sl 5 5 s (oSo 4 gazmn 53 bt s LT 5 S8 0 o 51 ST n Lo ST (0 1

2 LT g 5 e

ailaie ¢S5 55 b3 LSJ‘J;X‘“.(‘US‘ C\y‘ S35 e S35 9 Jluyl b 5 oS da o g0l L;Lali:.u ol o (gla a5
First a cell phone radios the nearest cell tower (or site).

When you make a call or turn your phone on, your
phone sends a message via radio thats picked up by
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Next, a wire or fiberoptic line carries the call down to
the wireless access point, connected to a multi-port
switch.

ks 03 15 et (o s B 4 (608 B b s B G b Sl led pleS e ol

Yy



&) Microwave (Wireless Backhaul)

T1 or T3 (Wired Backhaul)
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The call (along with many others) gets routed to a
. backhaul — usually down to an underground wired T1
. :J; L ‘Sﬁ (\qﬁ‘ &.A). or T3 line, but sometimes back up the mast to a power-
. - ful line-of-sight wireless microwave antenna (typically
only used either when there isn't a ground connection,

or when the ground connection is poor).
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The incoming call or data comes back from the back-
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C1(n)=[RXLV(n)-RXLEV_ACCESS_MIN-max(0,(MS_TXPWR_MAX_CCH-P))]
Where:
RXLEV(n)=average recived BCCH power level from cell n
RXLEV_ACCESS_MIN=minimum receved power level needed
By the mobile to access the system
MS_TXPWR_MAX_CCH=maximum transmit power mobile is
Allowed to use to access system
P=maximum possible transmit power of the mobile

Max(0,x)=either xor whichever is the greater
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Handover Margin

4

Handover to BTS

| Handover to BTS 2

£ 3

BTS 1 ; T » BTS 2
O Mobile relnains with O
BTS 1 pr BTS 2

E
o

Hy=teresis due to handover margin

Nominal cell boundary

PBGT(n)=[min(MS_TXPWR_MAX,P)-RXLEV_DL-PWR_C_D]-[min(MS_TOWR_MAX(n),P)-
RXLEV_NCELL(n)]

Where:

MS_TXPWR_MAX=maximum power that network allows mobile to use for access to a cell
P=maximum power that mobile can transmit

RXLEV_DL=average received downlink power level from serving cell
RXLEV_NCELL(n)=average power level from neighbor cell n

PWR_C_D=maximum downlink power in cell —actual downlink power due to power control
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