E-E 423 COMMUNICATION SYSTEMS
Dr. R. A. Birgenheier
November 24, 1986
Communication Link Design Problem

Problem Statement

Design a microwave communications link between Gonzaga University and
Spokane Community College. Because of obstructions between the two
schools, it will be necessary to transmit through a repeater on a tower
mountain approximately 7.5 miles from SCC and 8.0 miles from G.U. You are
required to consider two designs: 1) one in which a passive repeater is
utilized and 2) another in which an active repeater is utilized.

Specifications

Carrier frequencies: fc = 6.725 GHz for 6.675 passive repeater

fc1

ch
Noise bandwidth: 10MHz
SNR at destination: >50dB
Consider only one-way link from G.U. to SCC.

6.675 GHz
for active repeater

6.775 GHz

Assumptions
Transmitter power (both at G.U. and repeater): <+20dBm
Receiver Noise Figure (including losses both at SCC and repeater): 8dB
Fading losses {(total): < 8dB

Antenna Noise Temperature: ZQOOK
Antenna Efficiency: 55% 0= _Z;%Eé__
A

Report

The only system components you must specify are antenna sizes and
transmitter pcwer levels, Clearly write up your design showing a block
diagram with component specifications. You should give signal and noise
levels at four points along the link (receiver inputs and transmitter
outputs) and mathematically verify that the SNR specification at the
destination is satisfied. Discuss the relative advantages and
disadvantages of the two designs.

Due Date: December 5, 1986 (no exceptions)
Worth: 100 points toward homework grade.
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DESIGN 1 THE HNK WITH ACTIVE REPEATER

1. GIVENS AND THE PARAMETERS USED IN DESIGN

CARRIER FREQUENGIES: §o =6675 Gz

for= 6775 GH2
NOISE BANDWIDTH = |0 MH=
SNR AT DESTINATION: > 50 olB
TRANSMETTER POWER (BOTH AT G.U. ANP REPEATER )z < -+zoclam
RECEWER Noise FlauRe ( ROTH AT SCC AND REPFATER) 1 F=8dB
FADING LOSSES (ToTAL) = Fh < dwe =6.31
FAPING LOSSES FROM &.U. TO REPEATER = FLI = 631/2 =15 dB
FADING LORES FROM REPsATER TO SCC = FlLZ =< Fh/y; = 5dR
ANTENNA NOISE TEMPERATURE = 270°K
ANTENNA  EFRICIENCY = B5% e,=-3"“—’7°\ﬁﬁ-
Pri = TRANSMITTER PowWER AT G.U.

Pr’ ¥ SIGNAL POWER AT THE INPUT OF RECEIVER OF REPEATER .

PT:.

o

TRANSMITTER  POWER AT REPEATER..

Pk = RECE=EWED power AT S.C.C.

o1 ¥ SIGNAL LOSS FRem  Gi.U. TO REPEA TER
X2 = SIGNAL. L0 FROM  REPEATER TO S.C.C.
A1+ e DISTANGE FROM @ ,(y. TO REPEA TER = ® nmileg

d=

"

THE DISTAN(E TROM REPEATER TO SCC :Txngi(eg

T_c B ZOUK
7 1Hé

Gar ¢+ THE POWER GAIN OF THE ACTIVE REpEATER. .




2.« BLOCK DIAGRAM
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Py, <+20dBm R Pp, <+20d8 Pe
' F = - { SNR > 50dB
>—TRAN.1 {~——>_~~- REC.1+TMN.2—>{———+7—~ ]
2.0 miles 7~5 miley
T 6.6T5 GHz QIR e o Sy et e SR s —y /
&u. Ja=6er ACTIVE. REPEATER ¥, ivvseuz T
oy 2 \ ji
E= g0 F=8d8
b v saol?
'Faoﬁng losses: Fh< 8B , By=[0MHz, Ta = 27°°K
FIG. At _BLOCK_DIAGRAM FOR THE LINK_ WITH ACTIVE REPEATER

7 Pr, <+=2o0dBm ==l0dBwW

————>| TRANBMI TTER ———>—(— =
«

Gmnzaga Univsnsrt& G
RG. A2 TRSMTTER 1 AT G0
kTaBy Pr.<—iodew
N (
S +) RECEIWVER TRANSMITTER 2 e
/ A Rl i INE™
G2 Gy
kreRy F=gde. Bw=l0MHe. Ta=290°K
FIG _AS_ TRANSMITT2 _AUD RECEWVER 1 (REPEATER)
&T@BM
B SNR > bodB
- “‘}’F@*ﬁ RECEIVER 2 >
d
i T&Tegn

WHERE  N; 1S NOISE TROM REPEATER

HG M RecEWERZ2 AT S.C.C

i 7’
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3. DESIGN PROCEDURE >

0) CONSIDER THE RECEIVER AT &.€.C.: oM Rl A4 oN PAGE 2 , WE HAVE
KRTaBw
\ R i\ SNR > sodRr
/ N 3 RECEIVER Z s aa an
G : T‘
LTeRn
A= -—_:go(e & de 1O MH 2z ’ T@_—_— Z?Oe <

Te = (F-DTo = (63096 — 1) X 290" = 1539. 7763 °K
SNR = Pr /(N + ATaBy + kTeBu)
Pe = SNR x (N:t+kTaBy +krebn)
2 105 x (NL + l~%8><i0'2”x270x|o7+ l\%%xlo'zgx|53?‘7763x|o7)
=125251 x10”°% + [0°N; w m e €Y

b) CONSIDER THE LINK FROM THE REPEATER To S.C.C.

Py P
e TRANSl\iITTEl?“{7—< S S E S —>——>--RECE|VER R
2 Ne 7\5 et N L2
Gg Gq.
$er=67T5 Gz

=< = P

v
Fa&"‘“"j Losses « Fle= Fl (Toman) /4, < 5dB

x=:=36.c t20dg, 5 + 2§ &3'0 d= (5 in MHz 5, d w wiles)
1. 366 + zo &3‘“ 6-7T5XI0® 4 20 Eeﬁ!o T5 ,
= ISOJ(Z dB
Bems o ?rea&’eﬁ\ @,n,wg{k, we com asswmpts Ny < ‘&Q’o.+Ta)Bu=2“52‘Sl&lO- W
LET Pe=5xXx10"% w = —-T3:01 4Bw.

AND P‘-z"—‘lc’dkmz—lldBW < zodBWM

ng
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WE CAN AISO SELECT THE SAME <iz®  FOR THE ANTENNA G s AN Gg
Pr= Pr.* 63 x Ga /(<><zx- =5
Pr ey = Pre @) + Gz > + Ga de> — ¢z @y — Fhe dr)
_Tg,moug: 4B + 2G, (der) -130‘72 dr — 5dR

Gs = 36.86 B = 484-T-30

22w A 22w A £
G% i Az . cz

- G- 48479xGxI0%)’ 2 |
A LraheL5 T2 e (e R 28R m?
A=TR*

R=JA/v = J1315% 6 = 0.66 m

C) (ONSIDER THE UNK FROM &.U. TO REPEATER .

P T £ +2odem

R o b

e TRANS N TTER 1 SRt Y LY —r

! & ) 2.0 mileg G
Fer= eapseite e
=<y

v

Fhy £ 4 48
WE , NOW , SELECT ANTENNA G1{ AN Gz wiTH DIAME.TE\§=I~SM . %G’,
Gi=Ga= 224G, [ = 37.82 48
LET Pro= - lidew < +zodem.
1 = 36.6 +20 Log Py T 20 Leg, c8
= 2.6 + 20‘&?‘06.675X403 MH> + zoeagw g pales
= 131.15 di

Eli =3 X Flu CrotAL FADING LOSSES )= 54RB

PQ! WR) = PT" cdr)> et e“ Ry X Ry — L. CGQB) + e‘lz(&,‘&)

= —{lan+ 37\82 dB —121 154 — Ede -+ %%87.&(8"* ’71‘61 ABw

14

ol
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d) CoNSIDER THE POWER GAN OF REPERTER :

4. CONCLUTION =

5. VERIFICATION =

a)

b)

PR*; PT'L
> T ACTwe lZEFEATElj_““"—'“(’“(
GL G5
& ar
PR\ = 7lvm 4B w
Pra= -1 dBwW
GarR = U = (-71\5[): 6051 <8

ANTENNA $1ZE s DIAMETER = L5m FOR ONE AT G.U. , ONE FOR RECEWING AT RSFHTER

DIAMETER= 1.3 m FOR ONE AT S.C.C, ONE FOR TRASMITING AT REPEATER

TRANSMITTER PoweR = IFcdlBm AT G.U. ; REPEATER POWER GAIN: (o &B

LookING BACK AT THE TG A1 .ON PAGE 2 AI> THE CompoNETS ABNE
WE VeERIRY THe DESIGN STEp BY STEP AS BELOW:

FROM  &.U. TO ReEpPEATER

‘R’izlq &BM:"Hd,BW FD‘Z

e

G = RLS4B G,

REpEATER [—>—

FlLi= 54dR
A = Z2xNA — _22X3IHEX 0.5 x6.67EXI0"% _ £pas th 20
Gr= Gi» “ = Txi o 6046% 379243

Pap= P+ @i -, = FlLi+ G,= ~\H—57\ez-—l=smr5— 5 +37\gz == -a'];f‘gz e W

REpEATER
ATaBuy
B % Pr,
REPEATER |[—>——
PG
kTeB'J Gap =68 AR

Pya=Pri + Gar =~ 7152+ 60 = —li.52 ABW = I3.48 drm <+zoem
[z
No = Gar R (TatTe)By=10 %% x123x10 2% (270 +153¢.78) X(0 = 2.525¢1077 < - 65 pcler
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O FROM THE REpPEATER TO <.C.C.

PT«B(J
| f——r—e e b e - | RECEIVER
REPEATER T e o(,_:Ba'{zo\B GNQ 7!

FlL:=ad4e g ‘&TQ,B N

= = )
Ga=Gq = —22XW :[< in%wx(@fﬂ?‘sxw "= 46787 = 3600 4B

Ni= Not+ Gz — X2~ Fla + Gg
= ~65.98 + 360~ 130.72 = 5 +36.J0= — 128,300l = 148 x 107"
PRZ= P‘rz“' @13 —o<y = Fla+ Ga

= --52 '+ 36‘70‘ 120. Tz—s + 36!(9 = i~ ’(3\84 dB = 4.;305’)(!0'2 W

SNR = Pr2 /(NL"_ £(TatTe)Rn)
= 41365 X0~ 3/[ 1 48 X107 + 1238 X107 X 1229 4 x (07 ]
LS 4J%O€X(O“g/ 4..005( X (073

= 103131.808| = 50.124dB> 50 olB CVERFIED)

6. SIGNAL AND NOISE LEVELS AT FOUR POINTE  ALONG THE LINK:

e et

T

POINTS ' ' W'”’
. TRANS R U A ! X A
LEVELS (AR GU. TRANS. QUTPUT | REPEATER REC. INpUT| REP TER TRANS.ouTPl S.C.C. REC. INPUT
SIGUAL 19 dBm ~41.52.dBm 18 .48 dem ~43.84 dem
Nolse - -975.7% dBrm ~35.98 dem —43.93 dam

7. IMPROVEMENT

TF WE WANT TO GET SNR MycH GREATER THAN 50 d& AT DESTINATION WITH THE SAME

TRANSMITTER POWER LEVEL , WE MUST INCREASE THE AREAC OF FRST TWO ANTENNAS AND DECREASE Gag |
rzj

eg, CHMGING DIAMETER = 2m TOR FRST Two ANT. AND Gap=55de , WE HAVE SNR=¥5[.40 dB AT S.CC
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DeESIGN 2 = THE LINK WITH PASSIVE REPEATER

1« GIVENS AND THE PARAMETERS (SED (N DESIGN

narionAaL

Fer =8ca = fc, = 6‘725 GHz

THE OTHERS ARE THE SAME AS THOSE N DEsi@M 1.

2. BlLOCKkK DIAGRAM

kTaky P. ATaBu
s AT | (
—-——mnmw—»—-{- —_—— —_——— = = = peC.
— . tles g .5 mtleg
G By G G 7
: " ) Ge. ETeBw
CTEIR Nt PASSIVE REP- X2 Se.C.
k. v 3 ‘Y'—-‘-—*—/
Elu= Fh/a=5dR Fre=5dB
.
-

FhSRddR , Te= (F-DTe=1539.77 °

P

fczé_Tz!sGHz , Bu=10MH=

FIG 1 _ BLOCK DIAGRAM ToR THE LINK wWTH PASSIVE PEPEATER
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DESIGN PROCEDURE «

TROM THE RG. 1 ON PAGE T. WE HAvE
SNR = Pr /N
= P /TN + k& (Ta+ (F-0Te ) Bu] NN T
WHERE , Ta:zc[o“k, To=200°K, TF=8drR=631  py=I10MHz

NL'-: No X Gz ¥ Gq /O<2.'FL2. No= &T«BN

Pe=Pr G % Gx%xGsxGaq Aoty oy ) FLY
LET US SElLect THE SAME Size POR AL THE TOUR ANTENNA, SO,

Q=G =G3=Gq = Gi

REWRITE THE eAUATION ) , WE HAVE

SNR = Pr x g‘*/{(x‘c&szL) * | RBN (G*Ta /ot Fla t FTold o

) = 36.6+ 202“&» fe t2o 'QGQWGQ; (§c W MHz | o IN miled
= 36.C F2okg 6.72_f;x(o3 +»ze€egw@ =131.22 AR
=323 x|0®

Xs = 36.6 +20leg o, Fo F zo&fcﬁz
=36.6 +2oQo?w 6-725 x (03 +204og o -5

=130.66 2k = [-1628 x (03

Flo=qds = 108 = o3|

 Fl:= 5dr = 30623

E=gar =10%=¢al

LET SNR =sode=10°%
LET  Pr 219 dgm = —HdRW = O- 0774.
NOW, REWRITE EQATION (2> , WE GET

G* - 1331553.73 G ~ 3.0873 x10%° =0

G= |32557\O823 = 5l.2z2 AR |

)

/22
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7\2
2.
_ G x c? 132551408 xBx10%) n
A= 22 x§,2 zNzx;\\mexe.estnoq)l ‘5‘5'»74 m*
R:]A/'n« = (/38374-/3-!4.!6 = 3.5 m
3. CONCLUTION - ANTENNA SIZE < DIAUSTER =7m FOR At FOUR ANTT=NNA

TRANSMITTER POWER » \§.5 dewm At G.U.

4 . VERIEICATION = B= GisCr= G =Ga = Bl-22 dB

Pe = 95dB m = —o5dew

¢t = 131,2> dB
oLy, = 120.66 AR > FL= gdB
Pe=Pe+ Gi—o4 + 6, + Gy —=at Ga-FL CIN dB )

= -jph+ B2z~ 3L v+ Bl + B2z — 130,66 +51 .22 — &
= "T55d8W

2

Ne = RTa By = 128x10" 22 x 290X, o7 = ~133.98 dB

Nt = No +G;‘°<7—NP““1+@1¢

i

—l;;ﬂ‘? T 51.22~-130.66—5 + 5122 =~ |g7\20 dew= 191 x10” 7 W
N=N¢+ &L GF-DTe +TalBw

‘l _
=1.9 xl0 T + 1~3¥%X (O 2”x‘827\776x(07‘

=2526x%107"% w =~ 125.9% ole
SNR = Pr =N CON dR)
= “75\‘5 F (—12‘5\‘]9)
= 5042 dB > 5o00lR . (VERIFIED 1)

5. SlGNAL AND NOISE LEVELS AT THE TRNS. OQUTPUT AND REC. INPUT -

P_rz 195 dBm 3 Pr=-45.5 dlRm " Nxw= ~95.9¢ dBm
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COMPARE :
FROM THE DESIGNS WE GOT , WE ARE EASY TO FIND OUT THAT: IN DESIGN 1 )
THE LINK WITH ACTIVE REPEATER , WE ONLY NEED TO USE 15m-DIAMETER  ANTENNAS
FOR TRANSMITTING AT G.U. AND RECEWVING AT THE REPEATER , AND 1.3m- DIAMETER
ANTEMIAS TOR TRANCMITTING AT THE REPEATER AUD RECEIVING AT S.C.C., HOWEVER , ~
WE NEED TO BMploy' A €0dB—POWER- GAIN REPEATER . |
IN DESIGN 2 , WE TDONT NEED fe USE A ACTIVE REPEATER WiTH RECEIVER
AND TRANSMITTER. BUT, WE MUST USE FOUR TM-DIARETER  ANTENNAS 1N THE

LINK ,

LT sEEMS THAT DeSIGN 1 IS MORE REASONABRLS THAN DeEsiany 2 .

2




