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DB 

P. 

NEAR  FIELD  

= 	20 LOG ( erlD ) 

( 	 .) 

WHERE D 	= 	DISTANCE 

V1\ • 	WAVELENGTH 	1  

BLOCKAGE LOSS (DB) = 10 LOG ( , 	1  

1-R 

wHERE R = CROSS- ECTIONAL AREA OF BLOCKING OBJECT - 
CROSS-SECTIONAL AREA:OF ANTENNA. 

FAR FIELD 

1. 

DB F.S.L. 

WHERE D 

• 36,6 + 20 LOG F+ 20 LOG D 

• DISTANCE IN MILES 

• FREQUENCY IN MEGACYCLES 

THE BLOCKAGE LOSS IS MINIMAL UNLESS VERY LARGE OBJECTS 
PROTRUDE IN THE CONE EXTENDED FROM THE ANTENNA FEEDER 
DEFINING THE MAIN LOBE (3DB BEAM WIDTH ANGLE). 
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IT IS ' A WELL KNOWN FACT THAT THE ACTUAL. PATH TÙACED 

BY A MICROWAVE BEAM IN THE ATMOSPHERE IS NOT A STRAIGHT Lin. 
THIS BENDING IS CAUSED BY THE CHANGE IN THE ATMOSPHERE WITH 

HEIGHT ,  TEMPERATURE ,  HUMIDITY AND CHANGE IN THE BAROMETIC 

PRESSURE. 

THESE CHANGES AFFECT A VARIABLE WHICH MEASURES THE 

PROPAGATION LOOSENESS IN THE ATMOSPHERE AND IS CALLED THE 

REFRACTIVE INDEX. 

THE LOWER THE REFRACTIVE INDEX THE FASTER THE WAVE 

WILL TRAVEL. 

UNDER NORMAL CONDITIONS THE REFRACTIVE INDEX DECREASES 

WITH HEIGHT. THIS COULD MEAN THAT THE TOP PARTS OF THE WAVE 

TRANSMITTED  BY  THE ANTENNA WILL TRAVEL FASTER THAN THE 'BOTTOM 

PARTS. • THIS WILL CURVE THE WAVE PATH TOWARD THE REGION OF' 

 INCREASING REFRACTIVE INDEX. 

A) REFRACTIVE INDEX DECREASES WITH HEIGHT 
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B) 'REFRACTIVE INDEX IS CONSTANT -- 

C) REFRACTIVE INDEX INCREASES WITH HEIGHT 



ACTUAL EARTH RADIUS Ro  EFFECTIVE FARTH RADIUS R 

K = R 

TO MAKE PATH PROFILES IN THIS MANNER A TEDIOUS , AFFAIR 

SINCE TWO CURVED SURFACES HAVE TO BE DRAWN. 

TO SIMPLIFY MATTERS IT WAS DECIDED TO DRAW THEiBEAM 

AS A STRAIGHT LINE AND CHANGE THE . TRUE CURVATURE OF THE EARTH 

TO ACCOMMODATE THE ADDITIONAL CURVATURE OF THE MICROWAVE BEAM. 

NOTE THAT THE CLEARANCE F HAS NOT CHANGED  IN  BOTH.' 
PROFILES AND ALL THE OBSTRUCTION FEATURES ARE REPRESENTED IN 

BOTH PROFILES ALSO. • 



ACTUAL RAY PATHS ON A 

MICROWAVE PATH. 

RADIO PATH PLOTT.ED AS A STR1IGHT 

LINE BY CHANGING THE EARTH RADIUS. 

K = I 

K = 2/3 

K = 4/3 

K = INFINITY. 

THE FACTOR K VARIES ALL THE TIME AND FROWONE LOCATION 

TO ANOTHER. THE RANGE OF K HAS BEEN KNOWN TO VARY FROMINFINITY 

TO 1/3. 
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EARTH BULGE = 	di d2 
11.*n•n••••n•n•••n• 

1.5 K 

FOR EXAMPLE AT THE 10 MILES MARK .FOR K = 4/3 

d 	= 10 MILES 
1 

cl2 	= 20 MILES 

THEN EARTH BULGE = 10 x 20 	= 100 FT. 

1.5 x 4/3 	• 

•s- 	- 
FIND THE BULGE AT 15, 25 MILES FOR K 4/3 

FIND THE BULGE AT 15, 25 MILES FOR K = 2/3 

FIND THE BULGE AT 15, 25 MILES FOR K = INFINITY 

'AS STATED PREVIOUSLY BENDING THE MICROWAVE BE • DEpENDS 

ON THE VALUE OF THE REFRACTIVE INDEX.. FROM THIS IT FOLLOWS THAT 

K SHOULD BE RELATED TO THE REFRACTIVE INDEX.' 	* 

THE NATIONAL BUREAU OF STANDARDS HAS ISSUED A woup ATLAS 

OF ATMOSPHERIC RADIO REFRACTIVITY COMPILED FROM MEASUREMENTS1  DUNE  AL 
, 

OVER THE WORLD FOR MANY YEARS. THIS ATLAS IS NOT AS DETAILED AS  IT  

SHOULD BE.' HOWEVER, DETAILS ARE AVAILABLE FOR THE  U.S.A.  
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406 	CHARTS, GRAPHS, TABLES, AND COMPUTATIONS 

FIGURE 9.3. Mean No, May 0200. 

FIGURE 9.4. Mean No,  May 1400.  . • ;>i 

rme179117.17,17Mr Mrferrellrn,'Mlfreorrrreirretremmalroreea smv...,,,v..mg.A.,,,,>„ ,.; 



ELEVATION.  ANGLE  ERROR 

FIGuRE 9.1. Mean N February 0200. 

' FIGURE 9.2. Mean No, FebruarY1400. 
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ELEVATION ANGLE ERROR 

FIGURE 9.5. Mean N o, Auguet 

• 117 

: 

FIGURE 9.6. Mean N o, August 1400. 
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CHARTS, GRAPHS, TABLES, AND COMPUTATIONS  

FIGURE 9.7, Mean No, November 0200. 

Floulf 

FIGURE 9,8. Mean N o, November 1400,  
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FOR A SITE AT 1500 FEET ABOVE SEA LEVEL; 

MEAN No  VAIRES FROM 310 - 340 

No  

MAPS ARE AVAILABLE FOR THE  U.S.A.  AND THE REST i OF THE 

WORLD INDICATING THE MEAN REFRACTIVE INDEX AT SEA LEVEL ALTITUDE. 

- REFRACTIVE INDEX AT SEA LEVEL 

REFRACTIVE INDEX AT ALTITUDE hs 

hs  IS IN THOUSANDS OF FEET 

PAGE 15 SHOWS THE RELATIONSHIP BETWEEN:THE REERA:çiuvE 

:INDEX AND THE SITE ALTITUDE FOR DIFFERENT No. - _ 

- PAGE 16 RELATES THE REFRACTIVE WITH  K.  

EXAMPLE: - FIND THE RANGE OF THE MEAN  VALUE OF  WIN NEW BRUNSWICK 

FOR hs  =-- 1.5, MEAN N s  VARIES FROM  296.5..  325 

MEAN KWILLVARY FROM 1.35 - 1.40 APP.' 
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P. 17 

FRESNÈL  ZONES  

. 	. 
A RADIO WAVE CONSISTS OF A MULTITUDE oy RAYS. iSOMF 

. 	. 

OF.THESE RAYS (DIRECT RAYS) WILL REACH THE RECEIVING ANTENNA 

WITHOUT REFLECTION WHILE OTHERS WILL REFLECT  OFF THE  TERRAIN. 

THE REFLECTED RAY WILL ADD TO THE DIRECT. RAY IF THEY 

ARE BOTH IN PHASE. IF NOT IN  PHASE, THE REFLECTEP RAYWILLi 

SUBTRACT'FROM THE DIRECT RAY AND  COULD DESTROY THE SIGNAL 

COMPLETELY.' DEPENDING ON THE DIFFERENCE IN THE . PATIÈLENGTH'i 

BETWEEN' THE DIRECT AND REFLECTED RAYS THE SIGNALCOULD BE: 

STRENGTHENED OR WEAKENED.• 

: 	mIoNs OF INCREASING POWER WILL FOLLOW REGION,OF' 

DECRE,ASING POWER UNTIL AT SOME POINT THEY ARE BLOCKED.BY;AN - ' 

OBSTACLE ON THE TERRAIN. THESE REGIONS ARE FRESNEL ZONES. 

-4---- d   d a  

a) PLANE.EARTH CASE 

u s  

b) SMOOTH.SPHERE CASE 

- Reflections From Plano Earth and 
Smooth Sphere 
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d, 

D. MILES 
t • 	SECOND  ZONE 	

FIRST ZONE 
.• BOU DARY 

. 	. 	. 

BOUNDARY ' 

r Fresnel -zone Radius on a 
Microwave Path 

-,Representation of Fresnel Zones in 
Three Dimensions 

PATH LENGTHS 

nth ZONE:  

3rd ZONE: +3 2\/2  

+7\/2 

2nd ZONE: 

lst ZONE; pATH LENGTH =11=tdi+d2 
(FOR DIRECT PATH) 

....Cross Section of Radio Path, Showing Freinel Zones 
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0 

• F2 

F.3 
• F4 

.r3 
OtCe it,e 	• 

THE ODD FRESENL ZONES (1 0,5, 	a.) ARE AbDITIVE• 

THE EVEN FRESNEL ZONES (2,4,6, 	) ARE SUBTRAGTIVE, 

THIS NOTATION IDENTIFIES THE FRESNEL ZONES  FI,  F2,. F3' ..;.„ 	n!. 

= 131,5 FEET 

D 	 . 

= WAVELENGTH IN METERS 

D = PATH LENGTH IN MILES 

di = DISTANCE TO NEAR END OF  PATH IN MILES 

d2 = DISTANCE TO FAR END OF PATH IN MILES 

It o 	nrti.  r 
Jul n/ï 
- 

e  

10- , 

0 

111 

› -12 - 
il l  - 

01' ! 

10' k,  

t 	Ittlfl111, h' n Ntm 

1- SlutLal Stronoth Vortus'Proanol Zion°, 

11ilulth) ying Factor For Deter Wiling  F 	17 1 is KnoWn. en  FIV7) 

n 	n 	n 	V 	n 	n 	V n 	.n 	V n - 	\r.  n 

	

1 	1, 000 	16 	4.000 	31 	5.568 	46 	6.782 	61 	7.810 

	

2 	1,414 	17 	'4.123 	32 	5.657 	47 	6.856 	62 	7.874 

	

3 	1.732 	18 	4.243 	33 	5.745 	48 	6.928 	63 	7.937 

	

4 	2.000 	19 	4.359 	34 	5.831 	49 	7.000 	64 	8.000 

	

5 	2.236 	20 	4.472 	35 	5.916 	50 	7.071 	65 	8.062 

	

6 	2.449 	21 	4.583 	36 	6.000 	51 	7.141 

	

7 	2.646 	22 	4.690 	37 	6,083 	52 	7.211 

	

8 	2.828 	23 	4.796 	38 	6.164 	53 	7.280 

	

9 	3.000 	24 	4.899 	39 	6.245 	54 	7.348 

	

10 	3.162 	25' 	5.000 	40 	6.325 	55 	7.416 	. 

	

11 	3.317 	26 	5.099 	41 .- 	6.403 	56 	7.483 	 ' 
I 

	

12 	3.464 	27 	5.196 	42 	6.481 	57 	7.550' 

	

13 	3.60q 	28 	5.291 	43 	6.557 	58 	7.616 

	

14 	3.742' 	29 	5.385 	44 	6.633 	59 	7.681 

	

15 	3.873 	3Q 	5.477 	45 	6.708 	60 	7,746 

fitormoloinno Pima' 



FOR A pATH  30 MILES  

\i.0825 

Fi 	= 	131.5 X .364 	dl d2 

\I 	D 

. 3 6 4 

di 

d2 

D 

Fi  

F 2 

•••n•• 

nnnnn•• 

F17 

EXAMPLE: - CALCULATE Fl, F2 and F17 AT 4  OH 

LONG WITH AN OBSTRUCTION ON TUE 10TH MILE. 

F1 = 131.5 	Àdi d2 

\i --D 

.25 FEET 

.25 X .33 = .0825 METERS 

10 MILES 

20 MILES 

30 MILES 

36 . 1 10 X 20 	= 	93 FEET 1 

30 	. 

Fi 	= 1.40 X 93 = 132 FEET 
! 

17 . FI 	= 4.123 X 93 = 386 FE7 

AT 4 GHz 

P. 20 



TO CALCULATE THE NUMBER OF FRESNEL ZONES CLEARED 

ABOVE AN OBSTRUCTION 

F 
2 

(NUMBER ,OF FRESNEL ZONES 
CLEARING THE OBSTRUCTION) - 

.1 8 

+4 

0 

-4 

o 
a. 

1 
 

- 8  

0  -12 

ai 

œ 

0 

-16 

-20 

-24 

	

F/n 	----»- 	0.577 	 1.29 	1,53 	 1.92 	2011, 	, 
FOR 

(1 
 PLANE EARTH 	 I 	I 	 I 
1= -1)  

I 	  
1 	i I 
1 	I 	 1 	 141 FREE SPACE 	 I  

."111111‘ 

KNIFE • EDGE 
DIFFRACTION --- 

	

(ri0) 	
"e- 

re.  
SMOOTH • SPHERE 	

/ 	

PLANE • EARTH THEORY 	 j.  
DIFFRACTION 

- ee 2 SN I 	n - 

	

 	11111/ 	

E n 

E0 	 2 

	

/ 	
(WHEN 11=-1) 	 --1 

, 
/ 

3 	 5 	-1 

	

1 	 i 	 i , 	 • 	.._ 	. 	. 
- 0 ' 1.0 

CTUAL CLEARANCE 

5 	FIRST FRESNEL CLEARANCE 

2.0 

- Effect of Path Clearance on Radio Transmission 



REFLECT  ION COEFFICIENT 

P. 22 

. USUALLY A PORTION OF THE REFLECTED WAVE IS .  ABSORBED BY ' 

THE TERRAIN AT THE REFLECTION POINT. 

THE AMOUNT OF THE REFLECTED.WAVE ABSORBED :WILL DEPEND 

ON THE CONDITION OF THE TERRAIN AT.THE REFLECTION POINT (SMOOTH ' 

OR ROUGH). STILL WATER FOR EXAMPLE REFLECTS MOST OF THE WAVE 

WITHOUT ABSORBING MUCH OF IT. 

= .REFLECTION COEFFICIENT AND VARIES BETWEEN 0 AND : 1 

= —1 MEANS THAT 100% REFLECTION OCCURS 

0 MEANS THAT 100% ABSORPTION OCCURS 
i
! 

FOR A REFLECTING PATH THE HIGHER THE ABSOLUTE VALUE .OF R THE 

DEEPER THE FADES AT THE EVEN FRESNEL ZONES, AND HIGHER GAINS WILL BE 

ACHIEVED ATIODD FRESNEL.ZONES. 

THE SIZE OF, HUMPS (H) IN THE TERRAIN AT THE REFLECTION , 

 POINT WILL DETERMINE THE ROUGHNESS OF THE TERRAIN, 

HAY 1 

1-1.\‘  
I 	\ 	RAY 2 
I  

4„. 	
n , •n • 	 '\ " " '1r 	 snn 



....••nn•n nn•nn•n•nnn 

k '= 1 

2  

) CHANGE IN di i TRUE•EARTH BASIS 
Rj 

d 	 d 
	i d 3 4( * % 	 

D•MILES 

b) pl-IANGE  I  di, I CORRECTED EARTH  OASIS  

* .6+ Reilection Point versus  

./1S YOU CAN SEE THE POSITION OF THE REFLECTION (AND di) ' 

CHANGES WITH K. 
! 

THE RELATIONSHIP. BETWEEN THE SIZE OF THE HUMP (H)  AND  

THE  REFLECTION COEFFICIENT IS SHOWN 9N PAGE 24, WHERE 

'WAVELENGTH IN FEET 

'SIZE OF HUMPS FEET 

( hl 	dl 

1.5k ) 5280 	( dl 

P. 23 
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:t.-..Signal Strength versus Clearance When 
Reflection Coefficlent Changes 

Change  In  Free-mace Cross.points with Reflection Coefficient, R 
• 

, 

I 	I 
I 	i 

4.10.6 
R+1,0 

pé 25 

R • 

....••n•••••n••••n11 

Vcduet of Fir foe points A, Al,  Ç. etc, o Fig. 20 cie R varies 

E 	 F 

relt0 
A 

" A 

Point 

11 	• 

o A 

1,0 	.333 

0:9 	.361 

0.11 	.369 

.386 

0.0 	.403 .  

0,5 . 	,420 

0.4 	,(136 

0,3 	.452 

0 .1 . 468  

0.1 
I 	

.484 

0 	1 .500 

1.667 

1.049 

1.631. 

1.614 

1.597 

1,580 

1.564 
• 

40,1 .548 

1.532 

1,51.6 

1.590 

, 5 .3", • 	. 

1"4/F1. 	.577 	1.29 	1.53 	1.92 	2.08 	2.38 	2.52 

H 	. .592 	1.28 	:1,53 . 	1.01 	2,00 	2,38 	2.52 

.607 	1.28 	1,54 	1.01 	2.00 	2. 1 7 

.621 , 	1,27 	1,55 	:I MO 	2.10 	2.37 	2,63 

.635 , 	1.26 	1,55 	1,90 	. 2.10 	2.37 	2.53 

.648 	11.26 	1.66 . 	1.8 0 	2,11 	2,36 	2.1)11 

.660 	, k.  1 .26 	1,66 	•1.89 	2,11 	2.36  

.672. 	' j.,24' 	• 	1.57 	1.88 	' 2.11 	2,36 	2,5 , 1 
e. 

.081. 	1,24 	. 	1,57 	1.88 	2.12 	2,nr, 	ce,.51 

.695 	1.23 	1,58 . 	1.88 - 	2.12 	2.86 . 	2.56 

.707 	1.23 	1.68 	1.87 	. 2,12 ' 	2.35 . 	2.55 

Note:; 	n A  L.1- 2 'H:2,833, fin How '1.  2 	/um, (del  Set'  

	

+ 2 tn: 3,667, n ir ed n 1 , 4.2 	5.667, etC. 	poi»lm A, 1, (;, eC, /-0 - c, nit.s.  

' 



•nnnn1 

o 

-12 
o 

co -18- a 

.6.24 

.„nnn•••n 

DIVERGENCE FACTOR 

RAYS REFLEdTED OFF A FLAT SURFACE ARE CONGENTRATED WITH 

LITTLE DIVERGENCE. .WHILE RAYS REFLECTED OFF AN OUTWARDLY BENT 

• SURFACE ARE SCATTERED WITH DIVERGENCE. 	„ 

- 	THIS MEANS  THE  HIGHER K .TS, .THE LESS DIVERGENCE THERE' 

IS IN TàEAZEFLEFED RAYS, IN TURN:THIS WILL CAUSE DEEPER FADES 

AND HIGHERGAINS AT!THE RECEIVING ANTENNA. 	' 

DIVERGENCE FACTOR 

Df 

2 d2 

D(1.5 Khl db 

• Effect of Divergence Factor 
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• 

CLEARANCE CRITERIA FOR NON...REFLECTIVE PATHS 

FOR "HEAVY ROUTE" HIGHEST..RELIABILITY SYSTEMS 

AT LEASE 0.3F1 AT K = 2/3 AND 1.0Fi •AT K =4/3, 

WHICHEVER IS GREATER. IN AREAS OF VERY DIFFICULT. 

• PROPAGATION, IT MAY BE NECESSARY ALSO TO ENSURE A 

CLEARANCE OF AT LEAST GRAZING AT K = 1/2. (FOR, 

2 GHz  PATHS ABOVE 36 MILES, SUBSTITUTE:0.6F1 - AT 

K = 1.0). 

NOTE THAT THE EVALUATION SHOULD BE CARRIED OUTA.LONG: 

THE ENTIRE PATH AND NOT JUST AT THE CENTER, EARTH BULGE AND FRESNEL 

ZONE RADII VARY IN A DIFFERENT WAY ALONG THE PATH, AND IT OFTEN, 

HAPPENS THAT ONE CRITERION IS CONTROLLING FOR OBSTACLES NEAR THE 

CENTER OF THE PATH AND THE OTHER IS CONTROLLING FOR OBSTACLES NEAR 

ONE END OF THE PATH. 	 • 

FOR "LIGHT..ROUTE" SYSTEMS WITH SLIGHTLY LESS STRINGENT 

RELIABILITY  RE -WIREMENTS. • 

AT LEAST  0.6F1.+ 10 FEET AT K= 1.0. 

AT POINTS QUITE NEAR THE ENDS OF THE PATHS, THE FRESNEL 

ZONES AND EARTH BULGE BECOME VANISHINGLY SMALL, BUT IT IS STILL 

NECESSARY TO MAINTAIN SOME MINIMUM OF PERHAPS 15  Tb  20 FEET ABOVE 

ALL OBSTACLES, 

• 



di = 14 MILES 

(1.2 =l S MILES:. 

EARTH BULGE = 14 X 3 	= 42 FEET 

1 

FIRST FRESNEL ZONE (F.1) = 131.5  

D 

•FOR 4 GHz 	F1 = 36 

D 

D = 17 MILES 

EXAMPLE: em PAGE e5 SHOWS A PATH PROFTLE FOR A HOP ON A 4 GHz'SYSTEM. i  

FIND THE LOSS OR GAIN IN SIGNAL FROM F.S.L. LEVEL IF ANY AT ' THE. 

RECEIVING ANTENNA FOR K= 4/3. 

FOR  K = 2/3- 	BULGE = di d2 

1.5K 

1.  
F1 = 36 	14.X 3 	-.= 57 FEET 

,3F1 = 17.1 FEET 

TOTAL CLEARANCE REQUTRED = 42 + 17.1 = 59.1 FEET 

FOR K 4/3 ' 	EARTH BULGE = 14 X 3 = 21 FEET 
2 

Fi = 57 FEET 

TOTAL CLEARANCE REQUIRED = 21+ 57 = 79 FEET 

79 FEET>59.1 FEET 

TOTAL CLEARANCE = 79 FEET + 30 FEET FOR TREES = 109.  FEET , 



dl  = 5.86 MILES 

dl = 6,2 MILES 

6,5 MILES 

dl 
5280 

dl 

1.5K 

P. 29 

3 FOR THE DASHED LINES 

hl = 150 FEET = 285 FEET 	D = 17 MILES 

A = 150 	= .52 	B = 285 	= .97 

(17 ) 2 	 (17 )
2 

FOR K = INFINITY 	n =  .345 

K = 4/3 	n = .365 

K = 1 	n = .37 

K = 2/3 	n=  .382 

AS WE CAN SEE THE REFLECTION POINT IS OVER THE W4TER1  THE 

WORST POSSIBLE CONDITION:J SINCE R COULD BE -1. 	H 

IF WE CHANGE THE ANTENNA HEIGHTS AS sgowbuy THE:SOLID LINE 

hl 	260 FEET 	h2 = 260 FEET •  

A = 260..30 = .795 	B = 260..30 

(17)
2 

(17
2

) 	: 

•
6791 5 • 

FOR ALL K 

REFLECT  ION  COEFFICIENT 

n = .5 	 d 1  = 8,5 MILES. 

( 

., 	8,5 

5280 	, 8.5 	2 

, = 	4,35  X10 3  
.. 

. 	 . 

H = 	16 FEET  

' À = .25 FEET  
.. 

BH/x = ' 4.35 X 10 ...3  X 16).25 e."Z .278: 



5 

p.130 

FROM PAGE 24 

FOR MI5\  = .278 

DIVERGàCE FACTOR 

K = 4/3 

1+ 4 X 72 X 8.5  

17 (2 X 230 	72) 

R = .33 

CLEARANCE ABOVE REFLECTION POINT 

FROM PROFILE DRAWING F = 195 FEET 

F1 = 36 
1 
 d d2- = 75 FEET 

195  = 2.6 
F 1 	75  

n = 6.75 

- 
LWEL FROM FREE SPACE = 10 LOG ( + (RD02  + 2RDf COS  (n-1) -n) 



n = FRESNEL ZONE 

LEVEL FROM Fdr•S = 

L. 10 LOG —1 + ( . 33 X .855) 2  + 2(.33 X .855) COS (6.75 ,-1) Tr 

= 10 LOG Ll + .08 + .57 COS (5.75 Tr 

I.,  . 

 

10  LOG . 1 + .08 + .57 COS 1.75  Tt: 	....-- + 1.7 di:. 
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0.6 

0.5 	7 

0.4 

10.2  
1-o 
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5 

10 

Cx, 

h 2  

D 2 	3 	D 

EFFECTIVE 'Et.,R71-1 RADIUS - 

TRUE r:-IARTI-i RADIUS 
K 

D 2  

(1-n) 	(1 - n) (172n)  
REFLECTION 'POINT EQUATION 

K 	   

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

( . rt 	2 
Q 	 = • - A C-P,.k.ZING POINT EQUATION n 

1:10.10  

0.03 

= 1 

0.15 

020 

C25 

0.10 

0.30'  

! EN 

• I 

0.35  
'\

1
1  I '741  

0 15 

i . I 0.20
(-  

K = 1  . 	e„ 

i ' I  : Pg&I 025 4'   
- 	4 

r 

I 	! 	I 

2 
K 

0.30 

0.35 

= c)c) 

0.40 : 0.40 

h1  
0.45 

1 0.45 

0.50 

0.6 

0.7 

0.8 

0.9 K  

1.0 

1.5 

7j 

1 .9 

E- 1.8 

1.7 

L6 

E.. 1 .5 

1.4 

E_ 1 .3 

'_--:-: 

 

1.2  

E-- 1.1 

1.0 

- 	0.9 

0.8 

d 
n D 	< 	 

t< 	  

hl  < h 2 	h in eet, b in miles 

-0.50 
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RAINFALL RATE IN INCF1ES PER HOUR 
[Rate in mmihr 25,4 x (rate in inches per hour)] 

Rain Attenuation vs. Rainfall  Ra te (Theordieal, after Ryde and Ryde) 



100 

4 

4 

35 

10 

A
T

T
E

N
U

A
T

IO
N

 —
 d

B
/K

M
 * 

.5 

w"--1  

0.7 . 

A 

1771'  

0.05 

• 

7.7  

,e 

5 	(.3 	8 	. 10 	 20 	30 	40 
.F11EQUENCY 

Attenuation In reinfell intensity of: 

— Attenuation in fog or cloud: 

A, 0,25 rom/lIr (drizzle) 	.01 in/hr 
1 3 , 1,0 nan/hr (light  ra i ) -- .04 in/hi' 
C, 4.0 nen/hr (moderate  ra i ) — .16 in/hr 
0, 16 mm/lir (heavy rain) — .64 in/hr 
E, 100 mm/hr (very heavy rain)  —4.0  in/hr 

F, 0.032 gm/m 3  (visibility greater than (300 meters) 
G, 0.32 gm/m 3  (visibility about 120 meters) 

2,3 gm/m 3  (visibility about 30 meters) 

* Attn (.1B/mile = 1.61 x (Attn in dB/km) 

i f(n tut lion 1),i •fo Precipi 	(idler (!( 'I It ) 
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F,xcess Al W111010011 Due To 
Almospherie,Ahmorplion 

• PATH 
LENGTH 
MILES ..... 

20 

40 

60 

80 

100 

ATTENUATION c113 

• 2-4-6 GHz 
0.20 

0.40 

0.60 

0,80 

1,00 

8 Gliz 

0,20 

0,62 
• 

0.78 

1,04 

1,30 

10 Gliz 12 GHz 
0,32 

0,04 

0,00 

1,28 

1,110 

0,3/1 

0.70 

1.14 

1.62 

1 , 0 0 

. 	 . 	 .. 

L 
, F 

, 	 ; 
4 

i 
., 
; Air    	_L.. 

r, 

Or  

	

W 	 / 

	

... 	„r" 

_.,.:..•• " 	 .., CI. 	Li: Z i '.:1 	a +VI 	à 	4.-eiku,a ' inn 	.11,,:: . ,i ‘‘,1 I, n fl..,.1,...11'..1• 	à16 $.4.",à...“ .. 	 ' à..1 à 	 n bàt.o, ..tIoà; 1, i:à1). n :,1 	 nd 	à n:là. '1 '‘; 1 II d: i. n 	n 1,2/À/ .../iijill i : ,1 i Li •:4U: i '. I 	 A I 
1 	7 	I 	8 	010 	 '16 	20 	20 	30 	36 	40 	40 	60 	0 

PATI I •LENGTH IN MILES 

Expected Outage  'Finie In Hours Per Year \,,s. Path Length In Miles For Vailinis Areas 
of the tIlited  States.  (Based on 11 GHz paths with 40 dB fade margin;  for 13 GHz paths, 
reduce path lengths by 30%. For 45.d13 fade margin, decrease outage time by . 1.5%; for 
35 dB fade  margin, inere'le f  by'')()Ln •  

14 Gliz 

0,40 

0,00 

1.44 

1,02 





P. 38 

RAYLEIGH  ROUGHNESS CRITERION:  - 

PAGE 39 SHOWS THE SIZE OF HUMPS -(H) NEEDED'AT THE 

REFLECTION POINT TO REMOVE THE THREAT OF A HARMFUL REFLECTION. 

YOU CAN NOTICE THAT THE HIGHER THE FREQUENCE'THE•SMALLER - IS THE 

SIZE  OF THE  HUMPS (H) NEEDED' FOR THAT PURPOSE. 

POLARIZATION: 

PAGE 40 INDICATED THE RELATIONSHIP BETWEEN THE 	. 

POLARIZATION OF THE TRANSMITTED WAVE AND THE REFLECTION COEFFICIENT 

FOR REFLECTIONS OF THE WAVE OCCURING ON SEA WATER OR DRY SOIL. THE 

GRAPH ON PAGE 40INDICATES'THAT FOR • OVERWATER -PATHS A VERTICALLY 

POLARIZED SIGNAL WILL MINIMIZE THE AMPLITUDE OF THE REFLECTED WAVE. 

HENCE IT IS RECOMMENDED FOR OVERWATER PATHS TO  USE THE  VERTICAL 

rULA1IZATIO1'4 	- 	- - 	 • 
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P. 41 

1 

• RELIABILITY OF A MICROWAVE  PATH 

OP 

THE RELIABILITY OF A MICROWAVE PATIUIS DESCRIBED BY 

THE PERCENTAGE OF TIME THAT THE RECEIVED . SIGNAL LEVEL WILL . NOT . 

 FADE BY MORE THAN 40DB. BELOW-THE NOMINAL RECEIVED SIGNAL LEVEL.- 

THE WORST EADECONDITION IS DESCRIBED BY A FUNCTION CALLED.THE 

"RAYLEIGH DISTRIBUTION". ACCÔRDING:TO THE:RAYLEIGHCDISTRIBUTION - 

99.997e  OF THE TIME THE FADE IN THE RECEIVED SIGNAL LEVEL FOR A 	. 

.MICROWAVE PATH SHOULD NOT BE MORE THAN 40DB. 

. PAGES 42,  43, 44 INDICATE THE RELIABILITY FOR DIFFERENT . 

PATH LENGTHS AT 1GHZe 2GHV AND 4 GH 
RESPECTIVELY. BY STUDYING 

THE GRAPH ON PAGE 45, YOU CAN NOTE THAT THE HIGHER THE FREQUENCY 

THE WORSE THE RELIABILITY OF TEE-PATH. .IT.SHOULD BE EMPHASIZED 

- THAT - THE RELIABILITY OF THE PATH MENTIONED'ABOVE:IS  THE PROPAGATION 

 RELIABILITY ONLY AND DOES NOTINCLUDE THE EQUIPMENT RELIABILITY. 

II  
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TO CALCULATE THE TOTAL RELIABILITY OF A MULTIHOP SYSTEM, 

USE. THE MONOGRAM ON PAGE 47. 

THE - BELL SYSTiM TOTAL RELIABILITY.OBJECTIVE IS 9.98%. 

THIS OBJECTIVE APPLIES FOR THE TWO-WAY ANNUAL OUTAGE ON A LONG...HAUL 

SYSTEM (4000 MILES LONG) OR-A SHORT-HAUL SYSTEM (250 MILES LONG), 
• 

TO ACHIEVE THIS OVERALL OBJECTIVE  :PROTECTION CHANNELS . 

(FREQUENCY DIVERSITY) ARE PROVIDED'ON PRACTICALLY-ALL MICROWAVE 

SYSTEMS DESIGNED IN CANADA. IN CERTAIN CASES (OVERWATER PATH OR 

CERTAIN DIFFICULT REGIONS FROM  AN ATMOSPHERIC POINT OF VIEW) SPACE 

DIVERSITY MIGHT BE REQUIRED TO ACHIEVE.  THE  OBJECTIVE. 

THE DEFINITION OF THE DIFFERENT TYPES OF DIVERSITY IS 

SHOWN ON PAGE 48. AS INDICATED ON PAGE 48, À SWITCH OR A CON. 

BINER IS USED. THE MOST COMMON TYPES OF COMBINERS ARE:.  - 

a) LINEAR ADDER COMBINERS 

b) OPTIMAL RATIO COMBINERS . 

ADDITIONAL IMPROVEMENT IN THE TOTAL RELIABILITY GOULD . 

BE ACHIEVED BY COMMNING OR SWITCHING THE RECEIVED SIGNAL AFTER' 

EACH HOP OR NUMBER OF HOPS (SEE PAGE. 50). 

il  



RELAT ING ''/0 RELIABILITY PER 
HOP TO % SYSTEM RELIABILITY 

. 	AND NUMBER OF HOPS. 

90.0 

FOR EFFECTS OF COMBINERS 
SEE NOMOGRAM IC. 

96.0 

97.0 

98.0 

12 'Ek 	 99.0 

'1. ('J4 

EXAMPLE SHOWS: 
I.  TWELVE.' HOPS, EACH OF RELIABILITY 

99.9992 °/0, WILL GIVE SYSTEM • 
RELIABILITY OF 99.99 °/0 

2. FOR A TWELVE HOP SYSTEM WITH •. 
99.99%  RELIABILITY, EACH HOP 

- MUST HAVE 99.9992%. 

3. FOR A SYSTEM REQUIREMENT OF 
99,99 %, AND A PER HOP 
RELIABILITY OF 99.9992%, THE 
SYSTEM MAY EXTEND 12 HOPS. 

9:-).99*-99 

4 

3 

99.9995:: N
U

M
B

E
R

 O
F

 H
O

PS
 

.›- 

ce 

.1.- 

U.)  
• 

0 

• 

 jI 
FAR I NONCAN 



ONE FATH " 2—FREQUENCIES 

CROSS BAND DIVERSITY 

SPACE DIVERSITY 

TWO PATHS— I FREQUENCY 

TWO PATHS —2 FREQUENCIES 

HYBRID C)IVERSITY 

>• 

I 

LLJ 
 

•  

, 	u_se' 
(1.11 C—O L SAIPAT HS 

(ONE DIRECTION SHOWN) 

ONE PATH — 2 FREQUENCIES 

IN BAND FREQUENCIES DIV 

T1 XMTR ON .FREQUENCY i 

R1 RECR ON FREQUENCY I 

E 7: RECEIVER COMBINER ciR — 50,117CH • 

TRANSMIT MULTIPLE FE:ED .c.-R• . 141 - 11-CIi. 
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EXAMPLE:  - 

WHAT  IS THE«TOTAL»RELIABILITY  OF A SIX HOPS 

SYSTEM,.WHERE EACH INDIVIDUAL HOP HAS A . 99.99% 

RELIABILITY. FIND THE SAME IF THE SIGNALIS 

COMBINED AFTER EACH HOP.>  

-FROM:IjAGE 47, THE TOTAL RELIABILITY OF THE SYSTEM IS 

99.94%. 

FROM PAGE 50, THE TOTAL RELIABILITY OF THE SYSTEM IF 

THE SIGNAL IS COMBINED AT EACH HOP USING, 

-a): WITCHED COMBINERS 	99.9999987 7.  

b) OPTIMAL RATIO. COMBINERS 	99.9999992% - 

C) LINEAR'ADDER COMBINERS 	99.9999985% 

IT SHOULD BE NOTED THAT A RELIABILITY OF 99.997.  MEÀNS THAT 

THE SYSTEM WILL HAVE OUTAGES TOTALING ONE HOUR-DURING THE YEAR. 
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110 	FREQUENCY DIVERSITY:  - 
MOST MICROWAVE SYSTEMS IN CANADA OPERATE ON A FREQUENCY 

DIVERSITY BASIS. THIS TYPE OF DIVERSITY IS USUALLY ACHIEVED BY 

ALLOCATING AN R.F. CHANNZL FOR A CROUP OF WORKING CHANNELS (USUALLY ' 

3, 4, OR 5 WORKING CHANNELS) TO ACT AS A STAND BY PROTECTION. 

'FADiNG IS A US0ALLY FREQUENCY SELECTIVE PROCESS. '  THIS 

MEANS THAT R.F. CHANNELS WILL FADE INDEPENDENTLY IF SEPARATED 

ENOUGH IN THE FREQUENCY SPECTRUM. 

AT THIS TIME IT WILL BE USEFUL TO INTRODUOE THE 

"CORRELATION COEFFICIENT" CONCEPT. THIS COEFFICIENT VARIES IN 

VALUE BETWEEN 0 AND 1. IF TWO CHANNELS HAVE A CORRELATION 

COEFFICIENT 1 THAT MEANS THAT THEY ACT IN UNISON (THEY FADE 

TOGETHER). IT IS OBVIOUS THAT THE MAIN PURPOSE OF DIVERSITY IN 

THE PROPAGATION CONTEXT IS TO LOWER THE CORRELATION COEFFICIENT 

OF DIVERSE CHANNELS AS MUCH AS POSSIBLE IN ORDER THAT CHANNELS 

MIGHT FADE INDEPENDENTLY. 
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P. 52 

THE FIGURE BELOW SHOWS THE 'RELATIONSHIP OF THE 

FREQÙENCY CORRELATION COEFFICIENT (lcf 2 ) AND THE ,FREQUENCY 

SEPARATION OF TWO CHANNELS. C .-P IS  THE  STANDARD DEVIATION OF 

PATH LENGTH DIFFERENCE DUE TO ATMOSPHERIC CONDITIONS. 

	I1L 	-"gim  	  'LNt,11111ft  
 MIL IL 41111n,1 -  

• 1111111113111. 	n1111.,,, 
	113111 	, 

IISI 	'  

 	 - 	  

_ ,—Frequency correlation coefficient 14 1 2  of the received power. 

THE GRAPH  ON  PAGE 53 IDENTIFIES THE CHANGE IN THE 

PROBABILITY OF FADE TO A CERTAIN POWER LEVEL BELOW F.S. LEVEL 

FOR DIFFERENT. FREQUENCY CORRELATION COEFFICIENTS (k f 2 ). THIS 

IS FOR AN ARRANGEMENT OF 4 WORKING CHANNELS  AND A SINGLE PROTECTION 

CHANNEL. 

• 
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Probabllity naintainod higher than switching leveI (%)': 
Probabilité pour que là puissance reçue'scit:  naintenbeà un niveau supérieur au niveau de .  commutation-Cg 
Probabilidad eantenida pur encima del niVel de connutaCien (%) 

CUMULATIVE DISTRIBUTION OFRECEIVEUTPOWER-FOR- SWIICUINGSETWEEN  FOUR WORKING CBANNELS AND ONE STAND-BY CHANNEL 	. 

DISTRIBUTION CUMULATIVE DE LA PUISSANCE  RECUE OANS LE CAS D'UNE COMMUTATION ENTRE QUATRE  CANAUX EN SERVICUET-UN CANAL EN RESERVE  • 
.DISTRIEUCIE—ACUMULATIVA DE LA POTENCIA RECIBIDATARA  LA COMMUTACIDN ENTRE CUATRO CANALES -DE TRABAJO Y UN CANAL DE RESERV1G 
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SPACE  DIVERSITY:  - 

SPACE DIVERSITY ISJISED TO IMPROVE THE RELIABILITY 

OF A MICROWAVE PATH IN THE FOLLOWING CONDITIONS: - 

a) ATMOSPHERIp MULTIPATH FADING )  

0 GROUND REFLECTED MULTIPATH . FADING .. 

a) SPACE DIVERSITY  FOR ATMOSPHERIC MULTIPATH: 

THE SPACE DIVERSITY CORRELATION COEFFICIENT (k s
2

) 

VARIESMITH -THE -PATH LENGTH, FREQUENCY, AND THE ,SEPARATION 

BETWEEN THE DIVERSE ANTENNAS. 

Km1 

-Relations between the 'path length d 
and the vertical antenna separation 

Ah. . . 
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2 
PAGE 57 GIVES AN EMPIRICAL METHOD FOR DERIVING K 

EXAMPLE: . 

A MICROWAVE PATH 26.5 MILES LONG . OPERATING AT 4 GH z  IS 	' 

SUPPOSED TO ACHIEVE 99.99% RELIABILITY. AFTER PATH TESTING IT WAS 
• 

DISCOVERED THAT THE'RELIABILITY OF THE  PATH iS ONLY -99% BECAUSE OF 

.ATMOSPHERIC CONDITIONS. IF THE PATH.DESIGN REQUIRES A 15' DISH—WITH 

A GAIN OF 43DB AND THE TOWER CAN CARRY AN ADDITIONAL DISH NOT LARGER. 

THAN 8' (GAIN 37DB). FIND THE ANTENNA SEPARATION REQUIRED TO IMPROVE .  

THE RELIABILITY OF THE PATIL 

THE ACTUALOUTAGE RATE OF  THE PATH' 1% 	• 

THE REQUIRED OUTAGE'RATE OF THE.PATH 41% 	- 

AN IMPROVEMENT OF 100 TIMES IS REQUIRED. 

THE DIFFERENCE IN THE GAINS OF THE ANTENNAS ARE 43 . 37 = 6DB. 

FROM'THE MONOGRAM ON TAGE'58 . A Ks  OF 099018 =WIRED TO 

(,_14 ACHIEVE IMPROVEMENT IN THE RELIABILITY,evi 4t4istaY:.(zit,  c't-î ne,wleee .41,  

2 - 
FROM PAGE 57 FOR K3

2 
 = .990 •.141.1> S 	= .027 

. b›. 



s • 
2 

D A 

S
2 

S
2 

26.5 X 5280 X .25 

S
2 

= 	.111 

\r.-027' 	= 	.165 

.027 	 D = 26.5 X 5280 FEET 

• 

= 	.25 FEET 

= .027 

26.5 X 5280 X .25 

2 
S = 945 SQUARE FEET 

- S = 30.7 FEET 

A SEPARATION OF 30.7 FEET IS REQUIRED FOR A DIVERSITY 

ACHIEVED WITH TWO  15'  DISHES. 

2 2 
FOR AN 8 1  DISH Ks 	

=--- 	.960 & 5
. 

= 	.111 

S 	= 	62.4 FEET 

• 



(FOR 4 GH
z

) 

FOR K = Q0 d =  5.86-MILES 
1 

d
2 
 = 11.14 MILES 

cil 

197 
)

2 

(70.5 

= 7..8 
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SPACE DIVERSITY FOR TERRAIN REFLECTION 

WHEN FADING OCCURS BECAUSE OF A LOCALIZED REFLECTION ON 

THE PATH TERRAIN, SPACE DIVERSITY.  COULD BEUSED SUCCESSFULLY TO 

IMPROVE THE RELIABILITY OF THE PATH. 

THE DIVERSITY IS ACHIEVED BY SEPARATING THE TWO RECEIVING 

ANTENNAS IN SUCH A MANNER THAT WHEN ONE OF THEM IS FADING THROUGH AN 

EVEN FRESNEL ZONE THE OTHER ANTENNA IS GAINING THROUGH AN ODD ZONE. 

EXAMPLE: — 

FOR THE PATH SHOWN ON PAGE 62 CALCULATE THE SEPARATION 

REQUIRED TO ACHIEVE'SPACE DIVERSITY. 

. D = 17 MILES 

F 1  = 70.5 FEET 	AND  . 	F = 197 FEET. 
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= 	184 FEET F = F
1  
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TO ACHIEVE THE DIVERSITY NEEDED THE FRESNEL ZONE OF THE 

SECOND 'ANTENNA SHOULD BE EITHER 8.8 OR 6.8. - USUALLY THE SECOND 

ANTENNA IS.BEL4OW THE ORIGINAL ONE. 	• 

2 
FOR M = 6.8 = F 

F l  

IS APPROXIMATELY 70.5 FEET 

FROM THE PATH ON PAGE 62, THE SEPARATION  OF THE ANTENNAS IS 

APPROXIMATELY 20 FEET. 

WE OPTIMIZE THE ANTENNA SEPARATION AT k = INFINITY 

BECAUSE THEWORST REFLECTION OCCURS AT THIS - CONDITION SINCE THE 

DIVERGENCE FACTOR WILL EQUAL 1. '  

SPACE DIVERSITY VERSUS FREQUENCY'DIVERSITY  -(BY R. F. WHITE) 

ALTHOUGH EITHER FORM OF DIVERSITY ÇAN PROVIDEGOOD IMPROVE- . 

MENT AGAINST MULTIPATH FADING, THERE ARE SEVERAL THINGS WHICH MAKE 

THE FREQUENCY DIVERSITY APPROACH ATTRACTIVE.  ONE, OF  COURSE, IS THAT 

IT REQUIRES ONLY A SINGLE ANTENNA AND WAVEGUIDE SYSTEM WHEREAS A 

SPACE DIVERSITY REQUIRES TWO COMPLETE SETS. FURTHERMORE THE SPACE 

DIVERSITY ARRANGEMENT IMPOSES A HEAVIER LOADING REQUIREMENT ON THE 

TOWERS AND MAY, DEPENDING ON THE CLEARANCE CRITERIA CHOSEN, EVEN, 

REQUIRE THAT.THE TOWERS BE . HIGHER THAN  FOR  FREQUENCY:DIVERSITY. Al 

FOR 1 FREQUENCY DIVERSITY SYSTEM AUTOMATICALLY GIVES-'100% EQUIPMENT 

IIEDUNDANCY, WITH NO-REQUIREMENT FOR DOING'ANY SWITCHING:AT THE TRANS.. 

MIT END.- A POSTDETECTION SPACE DIVERSITY SYSTEM.GIVES RECEIVER STAND-

BY, BUT IN ORDER TO GET TRANSMITTER REDUNDANCY IT IS NECESSARY TO 
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PROVIDE A DUPLICATE TRANSMITTER•WITH AUTOMATIC SWITCHING AND 

TRANSFER EQUIPMENT: IN ADDITION TO BEING MORE COMPLEX AND COSTLY - 

-.THAN THE SIMPLE TRANSMITTER ARRANGEMENT 2 USED IN A FREQUENCY DIVERSITY 

SYSTEM, THE SWITCHING AND TRANSFER EQUIPMENT ALSO INTRODUCES AN 

ADDITIONAL POTENTIAL SOUhCE OF TROUBLE. 

A POINT OF VERY GREAT IMPORTANCE. IN THE  COMPARISON, 

PERHAPS NOT FULLY REALIZED - EXCEPT BY THE PEOPLE - WHO*HAVE TO OPERATE AND 

MAINTAIN A SYSTEM, IS THAT A FREQUENCY DIVERSITY SYSTEM ALLOWS COMPLETE 

END-TO END TESTING,-LINE-UP AND MAINTENANCE.TO  BE DONE OVER A PATH 

WITHOUT ANY  INTERRUPTION.  AT ALL TO  SERVICE. THIS IS POSSIBLE,  OF 

COURSE, BECAUSE IN A FREQUENCY DIVERSITY SYSTEM THERE ARE TWO. 

COMPLETELY 'SEPARATE END TO END ELECTRICAL'PATHS, EITHER ONE OF WHICH 

. CAN CARRY THE SERVICE WHILE THE OTHER IS BEING MAINTAINED. THE SPACE' 

 DIVERSITY SYSTEM, THOUGH IT HAS TWO END TO END PHYSICAL PATHS THROUGH 

THE ATMOSPHERE, HAS ONLY ONE COMPLETE ELECTRICAL PATH. IN ORDER TO 

DO FULL END:TO END TESTING IT IS . NECESSARY TO INTERRUPT THE SERVICE. . 

IN. THE TYPE OF 24-HOUR A DAY OPERATION TYPICAL OF MOST.HIGH'DENSITY' 

MULTI-CHANNEL SYSTEMS THIS IS A DIFFICULT THING TO DO . WITHOUT UN- - 

' DESIRABLE , REPERCUSSIONS. 

.ANOTHERDRAWBACK OF STACE.DIVERSITY ISTHAT IT.DOES NOT 	. 

ALLOW THE USE OF ONE PROTECTION CHANNEL AS A STANDBY FOR TWO  OR MORE 

.WORKING CHANNELS. FREQUENCY DIVERSITY,  ON THE  OTHER - HAND, CAN BE' • . 

-EXPANDED,BY A SWITCHING, ARRANGEMENT TQ ALLOW ONE PROTECTION CHANNEL 

TO PROVIDE BOTH EQUIPMENT  PROTECTION AND  A-CONSIDERABLE DEGREEOF 

DIVERSTTY.PROTECTION FOR AS MANYAS_FOUR OR FIVEllORKING 'CHANNELS. • 

SUCH-SYSTEMS. HAVE BEEN - IWWIDESPREADITSE IN THE COMMUNICATIONS 

DUSTRY FOR 11ANY YEARS AND THEIR ÇNARACTERISTIÇS ARE WELL KNOWN. 
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WHEN USED n IN À SIMPLE 1 FOR 1 ARRANGEMENT, WHERE ONLY A 

SINGLEMORKING CHANNEL IS REQUIRED, FREQUENCY DIVERSITY OF COURSE 

REQUIRES TWICE AS MUCH FREQUENCY SPECTRUM AS THE EQUIVALENT SPACE 

DIVERSITY SYSTEM. THIS IS THE PRINCIPAL DISADVANTAGE OF FREQUENCY 

DIVERSITY, AND IT IS ONE WHICH BECOMES INCRÉASINGLY-IMPORTANT AS 

FREQUENCY CONGESTION INCREASES. 

A QUESTION OF CONSIDERABLE INTEREST IS THE RELATIVE MERIT 

OF FREQUENCY DIVERSITY AND SPACE DIVERSITY, CONSIDERED STRICTLY FROM 

THE STANDPOINT OF PROPAGATION PROTECTION. 'THERE-AM CONFLICTING 

VIEWS.ON_THE MATTER. HISTORICALLY IT APPEARS THAT THE PREVAILING 

VIEW HAS BEEN THAT VERTICAL SPACE DIVERSITY IS MOST . EFFECTIVE AGAINST-

GROUND OR WATER REFLECTED MULTIPATH AND FREQUENCY DIVERSITY THE MOST 

EFFECTIVE AGAINST ATMOSPHERIC MULTIPATH.. THOUGH WE HAVE LITTLE OR 

NO . iRECT COMPARATIVE . EliIDENCE,,OUR OW:N .  EXPERIENCES'HAVE -LED:TO'THE'' 

CONCLUSION.THAT VERTICAL SPACE 'DIVERSITY IS CERTAINLY . ASEFFECTIVE 

ASTREQUENCY DIVERSITY REGARDLESS OF THE SOURCE OF THE MULTIPATH, AND-- 

. IN SOME CASES IS ALMOST CERTAINLY SUPERIOR. • 

IN THIS CONNECTION, A POINT OF CONSIDERABLE IMPORTANCE IS 

THAT IN FREQUENCYDIVERSITY SYSTEMS THERE IS`USUALLY, BECAUSE OF 

ASSIGNED BANDS AND ALLOCATIONS, A LIMIT ON THE AMOUNT OF FREQUENCY 

SPACING WHICH CAWBE USED., FOR EXAMPLE, 2% SPACING IS QUITE WIDELY 

USED EVEN THOUGH IT IS OFTEN CONSIDERED-THAT5%'SPACING IS NEEDED TO 

' PROVIDE ESSENTIALLY UNCORRELATEUTADING.«  ON THE  OTHER HAND, WITH . 

SPACE DIVERSITY SYSTEMS THERE IS-PO BASIC LIMIT OTHER,THAN_COST TO ' 

THE SPACING WHICH CAN BE usEp. THUS - THERE IS WITH:SPACE DIVERSITY 

MORE FLEXIBILITY IN CHOOSING A LARGE ENOUGH-SPACING, OR EVEN AN .  

OPTIMUM SPACING, IF INDEED AN OPTIMUM EXISTS. IT IS ALSO RELATIVELY 

EASY WITH SPACE DIVERSITY TO  CHANGE OR  EVEN EXPERIMENT WITH THE 



P. .66 

SPACING IN THE FIELD, BUT THIS IS USUALLY A VERY DIFFICULT THING 

TO DO WIMFREQUENCY 'DIVERSITY. 

A STUDY -OF SOME OF THE FADING CHARTS TAKEN ON SPACE 

DIVERSITY SYSTEMS INDICATES THAT THERE MAY BE ANOTHER ADVANTAGE 

TO'SPACE DIVERSITL MANY OF THE LONG SLOW FADES OF  THE TYPE 

 WHICH USUALLY EXHIBIT LITTLE OR NO FREQUENCY SELECTIVE EFFECTPO. 

SEEM TO HAVE A CONSIDERABLE AMOUNT OF 'SPACE SELECTIVITY. THIS MIGHT 

BE EXPLAINED UNDER THE ASSUMPTION THAT THE MECHANISM PRODUCING THE : 

VARIATIONS, WHETHER DEFOCUSSING ORSOME OTHER PHENOMEMON,MIGHT BE 

PRESENT  ON THE  UPPER OR_THE LOWER PATH WHILE ABSENT.OR PARTLALLY 

ABSENT ON THE OTHER. FREQUENCY DIVERSITY, OF COURSE, HAS ONLY ONE 

PHYSICAL PATH. 

MUCH MORE EVIDENCE IS NEEDED BEFORE ANY DEFINITIVE CON.. 

CII4IONS CAN EE'REACHED'ON THE'MATTER - OF RELATIVE MERITS,OF TUE 

TWO METHODS. CAREFULLY CONTROLLED SIMULTANEOUS TESTING OVER  LONG 

PERIODS OF TIME, UNDER - VARIED CONDITIONS, AND OVER PATHS WITH 

DIFFERING CHARACTERISTICS WOULTYBE VERY DESIRABLEJ BUT SUCH FULL 

SCALE TESTING CAN BECOME SO:COMPLEX AND EXPENSIVE AS TO BE BEYOND 

THE CAPACITIES OF ALL BUT THE LARGEST COMMUNICATIONS ORGANIZATIONS. 
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,PAGE 69 

- INTERMEDIATE FREQUENCIES-(I:.-:CENTERED.AROUND 

79 MHz  FREQUENW 

FREQUENCIES (Wb) SEE LOWER FIGURE ,ON 

RÀ150WFREQUENCIES .  (RF),  =.'THÉ FREQUENCIES PROPAGÀTEO 

: FROM ONE ANTENMA TO ANOTHER° 

THE GRAPH ON PAGE 68 RELATES:RELIABILITY TO THE OUTAGE TIME 

PER YEAR. -  FOR EXAMPLE A SYSTEM WITH A RELIABILITY  •OF .99.987  WILL HAVE: 

A.  TOTAL CUMULATIVE OUTAGE OF 110 MINUTES PER YEAR *. A:SYSTEM WITii A 

RELIABILITY  OF 99,998%  WILL:HAVÉ A:TOTAL CUMULATIVE  OUTAGE  OF APPROX 

• •IMATELY 10.MINUTES PER : YEAR. 

•FREQUENCY DIVERSITY SWITCHING EgUIPMENT: 

.:, AS pISCUSSED IN THE PROPAGATION SECTION OF THISCOURSE 

FREQUENCY DIVERSITY •MPROVES THE RELIABILITY OF :A MICROWAVE : SY8TEM. 

MOST MICROWAVE SYSTEMS OPERATE ON AFREQUENCY DIVERSITY.BASIS IN THE 

FORWOF A PROTECTION CHANNEL FOR 3, 4,•5 0 :  WORkING GHANNELS -

THE . TOP FIGURE ON PAGE 69 SHOWS .  A ONE HOP  IF SWITCHINGSECTION. :  THE 

AVERAGE NUMBER OF HOPS IN A-SWITCHING SECTION.IS,APÉROXIMATELY,6 ,FOR •.-. 	• „ 

NORTH AMERICAN MICROWAVE.SYSTEMS. 

IT IS WORTH NOTING THAT THERE  ARE THREE FUNDAMENTALFRE 

:QUENCIESINTHE : MICROWAVE.EQUIPMENT.1  
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IN'THE SWITCHING DIAGRAM ON PAGE 69, CHANNEL A ISINTHE 

FAILED CONDITION.- THE SWITCHING EQUIPMENT DETECTED THE EXCESSIVE 

NOISE IN CHANNEL A BY MONITORING ITS NOISE SLOT CENTERED AROUND . 9.103 MHz  

AND A FEW . KHz  WIDE, THE PILOT AT 9,023 MHZ IS A COMMUNITY  PILOT 0  AT  

THIS POINT IN TIME, TH.t RECEIVE LOGIC INITIATED THE SWITCHING SEQUENCE, 

AND  VIA THE  SWITCH'OkDER FACILITY, NOTIFIED THE TRANSMIT LOGIC TO 

BRIDGE THE TRAFIC OF THE FAILED - CHANNEL TO  Till' PROTECTION CHANNEL, THE-

SWITCH ORDER FACILITY CARRIES INFORMATION . FROWTHÉ RECEIVE Logic TOH-THE : 

TRANSMIT LOGIC, EITHER BY TRANSMITTING  THE COMMAND  INFORMATION :OF THE 

RECEIVE LOGIC TO THE TRANSMIT LOGIC USING AN - UNUSED  PORTION OF  FREQUENCY- . 

 SPECTRUM OF ONE OR TWO RADIOGHANNELS.GOING-,I.N. THE OPPOSITE DIRECTION,  

OR BY EXTERNAL OkDER WIRE ' RADIO OR,OABLE:FACILITIES. 

. IF THE PROTECTION CHANNEL IS AVAILABLE,:OR . IFTHE:FAILED 

GHANNE4 IS A.PRIORITY CHANNEL, THE TRANSMIT LOGIC BRIDGED THE TRAFFIC' 	-.- 

OF CHANNEL-A TO THETROTECTIONCHANNEL -WHICH THENTZELAYeTHE INFORMATION 

tO THE RECEIVE -END, COMPLETING THE BRIDGING.-  TUE INTERRUPT .TIME,OF - 

CHANNEL A, WHILE BEING SWITCHED : IS A FEW MICROSÉCONDS, : DEPENDiNG. ON 

THE NUMBER OF HOPS IN THE SWITCHING SECTION, TtikEFFEGtOF,TUIS  

INTERRUPTION WILL DEPEND ON THE TYPE OF INFORMATION 	TRANSMITTED  

ON THE  FAILING CHANNEL. 



IàSS OF SYNCHRONIZATION 

ROLLING.  

ERROR 

EFFECT-IF TOLERANCE 
IS EXCEEDED 

MAXIMUM TOLERABLE 
TYPE OF TRAFFIC 	INTERRUPT TIME  

,VIDEO . 

• TELEGRAPH 
(50 BAND) 

DATA 

MESSAGE 
CIRCUITS 

4100 MICROSECONDS 

4.. 1 MILLISECOND, 

<10 MICROSECONDS. 

'4100 MILLISECONDS 

ERROR 

'SEIZURE' OF CENTRAL . .. 

'.OFFICE SWITCHING 
EQUIPMENT. 

OTHER CONSIDERATIONS WHEN DESIGNING MICROWAVE SYSTEMS:- 

THERE ARE MANY OTHERCONSIDERATIONS THAT INFLUENECÉ THE SITE 

SELECTION:PROCESS WHEN A MICROWAVE SYSTEM .  IS -BÉING.I'LANNED° 

TO MINIMIZE THE COST àF ACCESS>ROADS  Tb  A:MICROWAVE 

SITE AND ITS MAINTENANCE, ' IT IS:OBVIOUS THAT.THE IDEAL 

SITE WOULD BE THÈ ONE LOCATED CLOSE . TO HIGHWAYS OR:ROADS 

WHICH ARE,WELLMAINTAINED SPECIALLY IN WINTER° 

IT IS IMPORTANT  TO  CHOOSE THE MICROWAVE SITE  .IN AN -AREA-

SERVED , BY COMMERCIALPOWER,DISTRIBUTION LINESIF NOT, 

THIS WILL MEAN.THAT 'MAIN AND:BACKUP DIESEL GENERATORS 

HAVE TO BE INSTALLED ON SITE WITH FREQUENT REFUELLING 

TRIPS REQUIRED FROM THE PERSONNEL °- 

IF:THERE ARE REQUIREMENTS TO BUILD A:MIÇROWAVE;SITEIN 

.AN URBAN AREA, THIS SHOULD BE DONE IN SUCH KMANNER.:AS 

TO COMPLY WITH ZONING ‘ REGHLATIONS<; 



WHEN BUILDING MICROWAVETOWERS 1.,ps THAN 3 MILES 

FROMAN AIRPORT,'THE TOWER STRUCTURE SHOULD:NOT BE . 

 IN DIRECT.LINE WiTH.THE AIRPORT:RUNWAYS AND, LIGHTED 

AND PAINTED PROPERLY TO CONFORM WITH DOT.REGULATIONS*.. 

THE GRAPH ON PAGE 73 SHOWS -THE TOWER,HEIGHT .  REGULATION' 

FOR A TOWER STRUCTURE NOT IN 0IRECT . LINE WITH THE  

AIRpORT RUNWAYS, ANWMEETING:THE:PAINTING  AND  LIGHTING.: 

REQUIREMENT SET.BY  DOT. 

DOT PUBLISHES MAPS OF CANADA INDICATING' THE CENTER 
_ 	. 

LINES OF AIRWAYS  AND THE MINIMUM . FLYING LEVEL  IN  FEET: • 

 IN THESE'AIRWAYS.-  A . TOWER:STRUCTURE SHOULD.BE . MORE - 

THAN À 1000 FEET BELOW THE MINIMUM•FLYING LEVEL 

MILES 01\1EACH SIDE'OF THE AIRWAY-CENTER LINE°. 
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INDICATE THE.PROPER USAGE OF THE FREQUENCY SPECTRUM. THE FOLLOWING 

IS A NUMBERICAL LIST OF SRSPs. 

NO. . 
• , 

300 	TECHNICAL.REQUIREMENTS FOR INSTRUCTIONAL-TELEVISION: 

FIXED STATIONS OTERATING . IN THE :2548 TO:2686  MHz BAND.  

TITLE  

it 	" 	t t. • 

11" 

tt 

' 	 , 

• II 	- 	 It  

" , .(6425-6590 MHz) 
, (677(4930 

It RADIO RELAY SYSTEMS PROVIDING . TV.': 	H 

• 

'TECHNICAL REQUIREMENTS FOR L.O.S. RADI0 RELAy - SYSTEMS (5925-6425%) .  

- (350074200 MHz): 

„:(171071900)'' 

.(190072290 mHz ):"-, 

(7 12577725 MHz) 

(772578275 MHz ) 

AUXILIARY,SERVICES IN THE . BANDS 6590-6770;MH 

6930-7.125 mg 

301 

302 

301 

304 

305 

. 306 

107 

308 

•

o  

STANDARD 'RADIO SYSTEM:PLANS (SRSP)  

THESE DOCUMENTS ARE AVAILABLE" FROM DOC. THESE poçumpN'Ts 



2548..268.6 MHz  

THIS . BAND IS ALLOCATED ,  TO INSTRUCTIONAL T.V.'FIXED.STATION. 

TO ALLOW THE ORDERLY GROWTH*  OF THIS SERVICE', THE AREAS  or CANADA  THAT 

ARE RELATIVELY HEAVILY POPULATED'HAVE-BEEN DIVIDED INDIA NUMBER  or  

ZONES.  WITH THE CENTER OF EACH ZONE COINCIDENT WITH  THE  PROBABLE ITV - 

DISTRIBUTION CENTERS. THE RADIUS OF MOST ZONES IS  30 MILES  WHICH IS 

THE OUTER'LIMIT:OF THE COVERAGE .  AREA-TOR THESE_ZONEà.' THESE ZONES ARE 

IDENTIFIED..ON PAGES 77 AND 78. . 

. 	IT SHOULD BE NOTED THAT WHÉN.LOW DIRECTIONAL.ANTENNAS,ARE- 

USED,. THE MAXIMUM  ALLOWABLE DISTANCE . BETWEENTRANSMITTERS»AND RECEIVERS . : 

SHOULD NOT EXCEED 30 MILES. 

SYSTEMS IN ADJACENT ZONES 19 II AND III MAY BE INTERCONNECTED 

BY ONE OF THE FOLLOWING METHODS: 

a) THE USE OF THE STANDARD MICROWAVE RADIO RELAY SYSTEMS AT 

FREQUENCIES SPECIALLY ALLOCATED FOR THIS PURPOSE IN THE 

7 G.Hz BAND. 

THE DIRECT "OFF THE AIR" PICKUFOF ONE OR  MORE CHANNELS 

.AND THE.RETRANSMISSION'OF THESE SIGNALS OVERANÔTHER, 

. GROUP OF:ITV CHANNELS'. WHEWLOW DIRECTIVITY.ANTENNAS,. 

ARE USED THESQUIVALENT ISOTROPICALLY RAD1ATED.POWER 

SHOULD NOT EXCEED 25 DBW. IN ADDITION THE SYSTEMS:IN' 

. ZONES I AND II MUST NOT HAVE*GROWN TiD.A.  SIZE THATWOULD 

PROHIBIT THIS TYPE OF INTERCONNECTION. :WHEN EITHER ' 

ZONE HAS CHANNELS IN SYSTEM e IN USE THE pEwerker 

WILL ONLY CONSIDER THE CONTINUED USE OF THIS METHOD OF 

INTERCONNECTION IF THE*LICENCEE.OP:THEINTERCONNECTINQ 

.LINK CAN SHOW THAT HIS SYSTEM WILL.NOT INTERFERE:WITH; 

.:012 BEINTERFERED FROM PTHER,:iTV:TATIONo 
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BOND LIMITS ( MH2  

N 	• o.8 
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0.1 

C - 1•C-2 	 C-3 	 C,4" - 	 E-I 	 E-3 	 E-4 	 G;-1 . 	 G-2-- - . 	G-3 	 G-4 

. 13-1 	 0-2 	 0 -3 	 0 4 	 F-I 	 F-2 	 F" '3 ' 	 F-4 	 ,H-I 	 H-:2 	 11-3 

(THIS D-RO*TH PATTER IS TO BE USED emir 
WHERE 	 RROBLEMS ARISE.) 

GROUP C, 

C - 1 0-3 f 
SYSTEM # 1 

- GROUP E 

E-1  E-3 

SYSTEMe2 

> GROUP F 

GROUP. G 

G-3 F:71.  I G-2  I GH4 I 

-SYSTEM  #3• 

.. GROUP "H 

- SYSTEM 

"GROUP F GROUF4I 

F-I- I H-2. 1 F-«2 

(CHANNEL NO. F-4 IS EMPLOYED FOR FOURTH CHANNEL GRovrn4 oN EITHER SYSTEM .  4f I  Q. 	2) 

• 

F-3 I F-4 

- SYSTEM e 2 
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II 
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11A 

:IX  A .  

Zone Allocations  

• 	Zone! 

] • 
Victoria ,  

Vancouver 

Edmonton 

Calgary 1 

Lethbrid 

Saskatoô 

Regina 

Winnipeg 

, Iekehead Area , 

Sudbury : • : 

	

Windsor › 	• 

Sarnia 

, Chatham 	. 

. 	London 	-: 

_ Kitàhene.- 

Hamilton 

Niagara 'ails : 

Toronto.  

Oshawa .. . 

earrio 

Peterbor4gh 

' eelleville 

fXingston 	: 

Zone 
Classification 

Center of 
Zone 

N 48°  26' - - W 123° 20 0  

•N 49°  15' 	123°, ,5° • 

N-53°  34 ° 	W 113°  30' 

N 519  04° W 114°  

N 49°  43° . - . W.  112°  50°, 

•N 52°.08Y , 1069  .40,° 

N 50°  280: w 1040  38.":. 

.1\1' 49 °  54° 	W, 97° 08'  

N 48°  25' - 	.89° 14! - 

. N , 46°  29° 	W 81° 00" :  

N. 42°  20° 	W  

N 42° 58° 	829.24°, 

N.42°  25° 	W 82°. 10° 

11 42° 59! ,W 8,1°. 15' 

N 43°  28° - W 80° 3z9. 

N  430  16° -W 7 ° 50 

-N 43° -05" --W 79° :10° ' 

•N 43° .:41° 	W . 79°.  26°:'" 

Ns  43°  54' W .78° 52° - 

N 44°  24° -•W 799 40° 

N 44°  18° W 78°  20° 

N 440  10' W 779  23° 

11. '44° 14° '- 76° -300. . 

Radius of 
Zone (Mies) 

30 

30 

30  

•30 

30 

30 

30 . 

.30 , 

30 

25 

.15 ..  

30 

30 

30 

20 

30 

30  

30 

30 

:30 

30 

Cont° d 

• a 	 " 



qn 
• ry 

30  

30 

30 

30 

30 

30 . 

30s  
3ô 

Cénter'ef 
Zone Name 

Radius of 
Zone (Miles• 

; Zone 	• 
«Classification 

11 A 

•II A 

I. 

I.  

'I A 

Cornwall 

Ottawa 

Montreal 

Sherbrooke 

Trois Rivieres 

Quebec 

Chicoutimi 

Fredericton 

Saint John; 

Non -Lon  

Halifax  ' 

Sydney 

St,. Johns„ 

•N.450  02' 	W 749 44' 

N 45°  26:W  

• N, 450  30' :...1C:73 °- 36' . 

 W45° 24!--W 

N.46°  21' ;..1.4 72 °  33. n 

N 46° 49 9:- W  • 1°  13":_ 

N 489-26'; W 719',031: 

N;459. 58'; W. 66°.;38; 

N. 459 'Iv 	W 66°. 

W46P-,05 1 	W 64° 47' 

N 44°; 40 , 	W 63°. 36' 

Ok60  .10' . -160°  10' 

N 47° 34' 7.1d 52° 42"; 



- 5925 	6425 MHz  

• 	
THE MAIN ROUTE OF THE FIRST 6 GHz SYSTEM IN AN AREA SHOULD . : 

PREFERABLY•USE THE FREQUENCIES IN THE .A GROUP ,AS SHOWN ON PAGE SO. 

OTHER SYSTEMS WHICH . COULD POTENTIALLY CONFLICTYITH,AN EXISTING A 

TYPE SYSTEM SHOULD CONSIDER THE USE OF FREQUENIES' IN THE 4 GROUF 9  

AS SHOWN'ON PAGE SO. -  THE,FREQUENCIES.ASSIGNED TO AsAie ROUTE:SYSTEM 

SHOULD:HE RE.4JSED ON THE BRANCHING . OR SPUR ROUTES° . 

' SUPERVISORY '  CONTRO4 AND MAINTENANCE INFORMATION MAY - BE 

. OARRIEH . ON  THE FOLOWING FACILITIÈS 9 .LISTED IN ORDER OF FREFERENCE: 

A) WIRELINE CIRCUITS . OR ' IN THE SUB..ÉÀSEBAND.OF THEMAIN  

RADIO .RELAY SYSTEM 

IN THE BASEBAND OF THE MAIN.  RADIO  RELAY  
, 

THE REGHLAR TRAFFIC BAND • 

C). IN THE  SAME RF BAND; ON FREQUENCIES DESIGNATED.FOR. 

AUXILIARY RADIO RELAY SYSTEMS. CHANNEL 'CARRIER 

FREQUENCIES  FOR AUPLIARYIRADIO RELAY SYSTEMS-ARE. 

GIVEN ON PAGE 80 

IN ANOTHER FREQUENCY HAND'ALLOCATEDIT0fLOW CAPACITY 

SYSTEMS . 

' SYSTEMS SÙBMITTED- FOR . LICENCING SHOULD EVENTUALLY : HAVE 

THE CAPABILITY TO TRANSMIT AT LEAST 600 TELEPHONE 'CHANNELS : OR: THE 

EQUIVALENT-OADINd p  OR TV ON EACH RADIO CHANNEL °  

.A RATIO OF THREE WORKING:TO'ONEPROTECTIONiWiLL BE PERielITTED 

IN THIS BAND AT FULL CAFACITY.Tié SYSTEMMILL: HàE 

AND . 21'ORTECTION.CHANNELS. 

WORIÇING CHANNELS 



Croup A 

Channel Carrier Fréquencieà 	 channel:Carrier FreqUenciéS. 

Croup B 

Channel No. Frequency .  (MHz) 

5930.37 
5960.02 
5989.67 
6019.32 
6048.97 
6078.62 
6108.27 
6137.92 
6182.41 
6212.06 
6241.71 
6271.36 
6301.01 
6330.66 

• 6360.31 
6389.96 

2 

4 
5 
6.- 
7 
8 
1 1 

 21 
 31 

 4,  

6 1 
 71 
 81  

.Type of 
Modulation Channel Designation 

. Return  

5926.1 	6171.9 	6178.1 	6423.9 

5925.5•6172.5 	6177.5 	6424.5
•  

. FM 

AM 

Channel No. 	Frequency (MHz) 

5945.20,, 
2 _ 	 5974.85 
3::,' 	 6004.50 

4/ 	6034A5 
5 	 6063.80' 

• 6 - 	 6093.45-sr 
• 7 	 ,6123.10 
8• 	6152.75 \ 
1 1 	 6197.24 
2 1 	 6226.89 
31 	

/ 
6256.54 

4/ 	 6286.19- 
5' 	 6315.84 
6 1 	 6345.49/ 

• 7 1 	 6375.14 .1  
8' 	 6404.79 • 	, 

'Carrier Frequencies for Auxiliary Radio - Relay Systerris 



THE TRANSMIT POWER DELIVERED TO-THE ANTENNAINPUT ySHALL 

• NOT-EXCEED THE FOLLOWING  VALUESt 

a). S WATTS «. FOR SYSTEMS WITH .CAPACITIES U.FT01260 

- VOICE CHANNELS PER RF . CHANNà- 

10 WATTS FOR'SYSTEMS WITH CAPACITIES FROM 1261 

090 VOICE CHANNELS PER Rf CHANNEL 

IN NO ÉVENT  SHALL THE POWER'DELIVERED TO THÈ 

-'ANTENNÀ BE PERMITTED TO EXCEW20:WATT80: 

• • 	THE TRANSMITTED FREQUENCY SHALL BE MAINTAINED 

. 0 .0027. OF THE ASSIGNED FREQUENCY °  

.THESMOOTHED DIRECTIVITY PATTERN OF THE  ANTENNA FOR 

POLARIZATION  MUST REMAIN WITHIN  THE ENVELOPE-8HOWN .:IN PAGE 82  

risftom BE NOTED THAT THE CÈNTER !O'' THE 'MAJOR LOBE  OF 

 ANY ANTENNA MUST NOT SE DIRÉCTED AT LESS THAN,2 DEGREES::FROMTH4::: 

GEOSTATIONARY SATELLITE ORBIT-0 

Fuge DEVELOPED FREQUENCY PLANS:ARESHOWN ONFAGES . S3  AND 

840 THE'CIRCLED NUMBERS  SHOW THE  ORDER OF GROWT1iFREFERRED  ON PAGE 

83 AND ALTERNATE,ON PAGE 840 , THE SOLID:LINES  ON  BOTH PAGeS':INDICATE-

THE MAXIMUM NUMBER : OF CHANNELS THAT .COULD .à USED ON,A:,SINGLEANTENNA 

OPERATION. 
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" REPEATER 
(H) (re)  	• 	(H) * 

RÉPEATIEP. 
(V) 

• ‹- • 

" TERMINAL 
-(H) 

(V) 

(Y1 

(V) 

• TERMINAL 
(V) 

—(H) 
Ar2 G424.5 
Fri 6.423-V 

C404.79 Gr3V-SS 

GZ75 :14 OZ W.731 

G:C4S•40 

cztr.(.04 crepe 	5 

cccs.16 

Ga3G-Fe4 	GE4/1•71 

CMP.C.CD G2Q2M 

G197.24 	G1C.12,41 

G17Z.1 
G177•Z 

(H) 

za 6172.5 
F. 	G171-9 

G152,75 	G137-D2 

sa2340 	GIOD•à7 

C 	 G07042 

C-DSZ•II0 	CD4C,›Di 

G034.15 	colv-sa 

6I:D04.M 	$909-G7 

6974•85 	SCSO-O2  

ZiV45-Z) 	5030-Z7 

„ 	 (v) , 	
• •( 

5C'23-1 
E3025-5 

<- 

NOTF_S- 
( CHANNELS a, b,a' AND 	AUXILLIARV CHAMELS 

2 H- [Ior-Es gmizeered_ FoLemzÀ7ici,'m. 
v- CrErt',OTES .‘,"TICAL. POLARIZATION.. 	. 

• . Mild) 

(vt,  	  

RADIO FREQUENCY CHANNEL ARRANGEMENT  

(Bi- POLAR ANTENNAS)  
C,,,-L'ANKIL 	ACRE 

FRMISENCY CHANNEL 
L",Hz 

MOUP e ormr? 



REPEATER 	 TERMINAL 
(V) 	 (V)  (H) 	e 	(H) 

• -•  • 	(v) 

(H) 	• 

~ -  
(H) 

reps.......neverreee 

(V)  
..er 	• 

(H) 

(V) 

:(  H)  

(V) 

7 °  

(V) 

<-- 
(V) .< 

(v) 

REPEATER' 

4 
(V) 

<-- 

(v). 

(V) 

(H)  

(V) 

(H) 	
-› 

(V) 

(H) 	 .(H) 

(v) 

(V) 	 (V) 

(V) (H) 

(V) 

(H) 

(V) 

(H) 

(H) 

(V) 

‘e(v) 	//MOM \\\‘ 	 (H) 

6 

(V) 

• (V) 	 (V)  

LV) 	 (V) 

VIISO 

I CHAhnIELS a, Io , AND b .-- ARE AUXILLIARY CHANNELS. 
0-1- DENOTES HORIZONTAL POLARIZATION 
V- D-:-.- NOTa VERTICAL POLARIZATION 

vbn 

TERMINAL 

V) 

RADIO :FREQUENCY CHANNEL -ARRANGEMENT  

( MONO-POLAR ANTENNAS) 
cHema. 

FREQUENCY 
11../W2 

GROUP A GROUP 0  

A OR E 
CHANNEL 

NO 

e.3 64.5 
PC 6423.9) 

- 04.79  $.339.93 

6373.14 63E031 

954' 5A9 

	

6315.04 	9301.01 

	

G23.19 	5271.33 

	

6255.54 	9241.71 

	

6225.29 	5212.06 

	

5197.24 	G132.41 

FM 61713.1 ) 
At3 9177.5 

• "e2.1 9172-5 
Fre 6171.9 ) 

62,75 	5137:92 

• 6123.10 	6103.27 

9093.e.5 ' acgsLée 

9093.31) • 9049-97 

• 3034.15 	50i9.32 

• 6004 .30 	5939.67 

597.35 	5990.02 

9945.20 	5930.57 

FI11  $929.1 ) 
Ar.1 5925.5 



3500-4200 MHz 

. 	. 
' 	THIS BAND ALLOWS THE TULL DEVELOPMENT OF 16:TW0-WAY RF CHANNELS' 

• WITH A CAPACITY ON EACH RF.CHANNEL OF UP TO 1260:VOICECIRCUITS  OR THE 

EQUIVALENT LOADING OR TV. THE OTHER ARRANGEMENT PERMITS 8,TUd-WAY RF 

• CHANNELS WITH A CAPACITY PER RF CHANNEL EXCEEDING•1260 AND up TO 2700 - 

VOICE CIRCUITS OR THE EQUIVALENT LOADING OR MULTIPLE TV.' THE'FREQUENCIÉS 

ASSIGNED TO MAIN ROUTE.SYSTEM SHOie BE RE-USED_ON:THE BRANCHINGOF,SpUR. 

ROUTES. 

THE LOWERFOURFREQUENCIES 3550 9  3570, 3590 AND 3610 MH ALTHOUGH . , 
• 

'EXPOSED 'TO POSSIBLE INTÉRFERENCE IN CERTAIN AREAS:CLOSE TO' THE U0S'.1CANADA: 

BORDER OR COASTAL_AREAS, MAY BE.USED ..SuBàmt.io 

WITH THE U.S. . 

SYSTEMS SUBMITTED FOR LICENCING MUST HAVE EVENTUALLY THE 

CAPABILITY:TO TRANSMIT AT LEAST 600:TELEPHONE-CHANNELS', : OR:THE . EQUIVALENT . 

 LOADING.ÔN,ÉACH•R.F.:CHANNEL. 	• ' 

• 

 

THE FOLLOWING PROTECTION . CHANNEL ARRANGEMENTS ARE PERMISSIBLE: 

a): ONE PROTECTION CHANNEL FOR ONE TO SEVEN WORKING 'CHANNELS 

b),.,TWO PROTECTION CHANNELS FOR EIGHT TO'FOURTEEN WORKING 

CHANNELS. 

SUPERVISORY, CONTROL, AND MAINTENANCE INFORMATION FOR THE MAIN 

RADIO-RELAY SYSTEM OPERATING IN THIS BAND MAY BC CARRIED ON THE FoLLownw 

FACILITIES LISTED IN ORDER OF PREFERENCE: - 

a) WIRELINE CIRCUITS OR IN THE SUB-BASEBAND OF THE MAIN RADIO-

RELAY SYSTEM, 

IN THE BASEBAND OF THE MAIN RADIO-RELAY SYSTEM ABOVE THE 

REGULAR TRAFFIC BAND. 

IN ANOTHER FREQUENCY BAND ALLOCATED  Tb  LOW CAPACITY SYSTEMS. 

SATISFACTORtCOORDINATION 



THE TRANSMITTER POWER DELIVERED TO THE ANTENNA INPUT SHALL NOT 

EXCEED THE FOLLOWING VALUES: - 

a) 5 WATTS - FOR SYSTEMS WITH CAPACITIES OF 600-960 

TELEPHONE CIRCUITS, OR EQUIVALENT, OR TV PER RF CHANNEL. 

h) 10 WATTS - FOR SYSTEMS WITH CAPACITIES OF GREATER THAN 960 

CIRCUITS, OR EQUIVALENT, OR MULTIPLE TV PER RF CHANNEL. 

IN NO EVENT SHALL THE POWER DELIVERED TO THE ANTENNA BE 

PERMITTED TO EXCEED 20 WATTS PER RF CHANNEL. 

THE CARRIER FREQUENCY SHOULD BE MAINTAINED WITHIN -* 0.02% OF 

THE ASSIGNED FREQUENCY. 

THE SMOOTHED HORIZONTAL DIRECTIVITY PATTERN OF THE ANTENNA FOR 

BOTH POLARIZATIONS MUST REMAIN WITHIN THE ENVELOPE SHOW ON PAGE 87. 

THE CENTRE OF THE MAJOR LOBE OF ANY ANTENNA SHOULD NOT BE 

DIRECTED AT LESS THAN 2 DEGREES AWAY FROM THE GEOSTATIONARY SATELLITE 

ORBIT. 

PAGE 88.  SHOWS' A FULLY'DEVELOPED FREQUENCY  PLAN  AND THE 

NUMBERS IN THE SMALL SQUARES INDICATE THE PREFERRED ORDER OF . GROWTH. 

PAGE 8.5SHOWS THE SINGLE ANTENNA OpERATIONFÔR THREEOBANNELS 

AND FOUR CHANNELS. 



.87  

MINIMUM ANTENNA CHARACTERISTICS  
FREQ. 374 0 MHz  

MEASURED HORIZONTAL RADIATION PATTERN 
MUST E3E WITHIN THIS ENVELOPE FOR E a H 
FIELDS WITH VERTICAL OR HORIZONTAL 
POLARIZATION. 
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AZIMUTH DEGREES FROM MAIN 



01. 3900 

FREQUENCY AND POLARIZATION ARRANGEMENTS  
(.1 

CHANNEL 
DESIGNATION. 	FREQ. 

G11 	4190 

12H 	4100 

GL 	4120 

121. 	4110 

400 

1111 	4070 

01. 

I I L 	4030 

411 	4010 

1011 	am 

41 	3070 

101. 	3000 

311 	3000 

011  

3L 	3000 

01. 	0070 

211 	,s0so 

uoso 

21. 	3010 

4000 

STATION 

H 
STATION  

H 	V 
STATION  

V 	V 
STATION  

V 	11 
'STATION 

11 	• 
STATton 

1«.5. 11 

Liu 

15 1 
\ 	 

V 	V 	 V 

1 	11 	 11 

V 	V 	 V 

11 	01 	_ 

3770 

711 	3730 

37 00 

71. 	3710 
( 

' 

0111 	BC:CO 

0711 	3070 

01 L 	0600 

071. 	3050 

00111 	0610 

00711 	3300 

0011. 	5070 

0071. 	0300 

- DENOTES HORIZONTAL POLARIZATION 	V DENOTES VERTICAL POLARIZATION 



'I 100 
1;11.00 
H 100 

10 
HLO 
H 10 
iL  
71i 

HL 
HI 

1. 

.77Z 

H 

H£ 
, 101 

c 

712 I>  
c, , 

14 
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6425-6590-MH.j AND 677Q-693 0 MHz 

' 	THE BANDS 6425-6590/677b 	6930 ,MHz ARE. PARTICULARLY VALUABLE 

FOR RADIO..RELAY SYSTEMS,OPERATING  TN Till'  CO-ORDINATION ZONE OF'EARTH - 

-STATIONS IN THE COMMUNICATION-SATELLITE SERVICE - BECAUSE br 

• SHARING" ASPECT WITH COMMUNICATION SATELLITE .  SYSTEMS ° . . .THE FREQUENCY .• 

PLAN COULD  TE  ARRANGED.IN.TWO'FASHIONS° .  ONE ARRANGEMENT -I8 BASED ON'1, 

 20 ,MHz  CHANNELLING BANDWIDTH AND WILL PROVIDE 8 TWO.JJAYRECHANNELS FOR. 

MULTIPLE HOP RADIORELAY SYSTEMS WI TH A CAPA(  ITY ON EACHRF CHANNEL> OF , 

UP TO 1260 SSB FDM TELEPHONY CHANNELS OR THEEQUIVALENT LOADING' OR.TV.-' 

• THE OTHER ARRANCEMENTIS BASED ON A• 40. MH :  CHANNELLING -  BANDWIDTH•AND 

WILL.PROVIDE,4'TWOWAY. RF CHANNELS FOR MULTIPLE HOP RADIOREI'AY''SYSTEWL 

. WITH A .CAPACITY PER RF.CHANNEL ESCÉEDINC 1260.  AND UP TO 2700 SSB.FDM TEL-I 
. 	. 

.EPHONY,CPANNELS OR THE, EQUIVALENT 'LOADING OR . MULT1PLE'TV CHANNELS° • THE - 

;FREQUENCIES ASSIGNED TO:A MAIN ,ROUTE SYSTEM. SHALL - ,BE'RE..USED 

BRANCHING OR . SPUR .ROUTES ° : 

THE FOLLOWING PROTECTION ( HANNEL. ARRANCEMENTS ARE'PERMISSiBLE: 

a) ONE  PROTECTION CHANNEL FOR -ONE 

CHANNELS° 

.TWO PROTECTION CHANNELS FOR FOU,.FIVE OWSIORKINÇ CHANNELS°. 

	

SUPERVISORY CONTROL AND MAINTENANCE INFORMATION MAYBE . CARRIED 	. 

ON ,THE FOLLOWINGFACILITIES -9  LISTED IN ORDER OF PREFERENCE: 

. 	WTRELINE CIRCUITS 'OP IN THE SUB-BASEBAND OF THE ,  MAIN RADIO=L. , 	: 

RELAY SYSTEM° 

IN THE BASEBAND OF THE MAIN RADIORELAY SYSTEM ABOVEYPHE 

'RECULARTRAFFIC BAND° • 

IN ANOTHER FREQUENCY BAND ALLOCATED TO:LOW CAPACITY SYSTEMS, 



THE  TRANSMITTER POWER . DELIVERÉD TO THE:ANTENNA INPUT SHALL 

NOT *EXCEED THE FOLLOWING-VALUES: 

• .a) FOR.  SYSTEMS WITH CAPACITIES OF UP T0 >126 0  -SSB,FOW 

.TFLEPHONY GHANNELS  OR  EQUIVALENT 

, 5 WATTS (7D8W). 

S) FOR SYSTEMS WITH.CAPACTTIES GREATER THAN.1260:ANDHUP 

.T0180D'SS8 FDM TELEPHONY CHANNELS=OR EQUIVAt5NT PER 

,RF CHANNEL: 10 .WATTS (ld DBYe- TS RECOGNiZETWITII 

CAPACITIFS -  GREATER' TITAN  1800 S 5 8 UM TELEPHONY CHANNELS 

OR'EQUIVALENT PER ,RF CHANNELTHAT POWERSIGREATER-THAN: 

:16 WATTS(10 D8 1,1) MAY.'BENECESSARY5é . . 

IN NO EVENT . SHALL TH5 POWER DELIVERED:TQ'THE ANTENNA,. 
• 

INPLIT.BE PERMITTEIrr0 E*CEED. 20 WATTS :.(13 : DBW) 'PER- RF.  

THE CARRIER'EREQUENCY - SHALL.BE MAINTAINED 

THE ASSIGNEDTREQUENCY. 

THE SMOOTHED . HORUONTAL:DrRECTIVITY PATTERN OF:TH.E ANTENNA 

FOR.  BOTH POLARIZATIONS MUST - REMAIN WITHIN THE . ENVELOPESHOWN  ON  PAGE 

92. 

THElFULLYDEVELOPED FREQUENCY P 1 S.11SING . MONO AND DUAL 

POLARIZATION ARE SHOUN . ON PAGES 93 AND  94'RE 5 PEC 1. IVE 1 Y JIHILE PAGES 

95 AND 96 SHOW FIRST'AND:SECOND: SYSTEMS IN AN  AR!  A AND THEIR- CENTRE 

FREqàMCTES TÔ:BE:VSEb - TO'ACH.IEVE . VUO, DEELOPMEN'T 	A  1  OADINGA 1 2 

1260-2700 CIRCUITS/RF CHANNEL.. 



MINIMUM AND:taelAnel ,931 IC _ 
• FRED. 6O00 MHz 

'MEASURED RADIATION MUST DE •  
*ITHIN THIS ENVELOPE FOR E N FIELDS 

WITH VERTICAL In kfulEONTAL POLARIZATION 

811 

111111111111 ii  Ii  
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?c, 	• .2 	47. 1.7 • à 

6920.0 

6900.0 

6880.0 

6860.0 
6840.0 

6820.0 

6800.0 
6780.0 

CHANNEL 
FREQUENCY 

. (MHz) • CHANNEL 
NO. 

RADIO FREQUENCY CHANNEL ARRANGEMENT 	 ". 

( SYSTEMS WITH CAPACITIES OF 600-1260 TELEPHONY CF1ANNELS OR TV)  

TERMINAL TERMINAL 	 REPEATER 	 REPEATER 

. (H) c — — 
(V) 	. 	-OE: • 

• 

(H)  

	

< 	 • 
• 

(V) 

(V) 

(H) 

(H) 	 (H)  

(H)   (H) 

(V) \ 	 (H) 

(v1 	 (v) 	 r  

6530.0 

 6560.0 
6540.0 

• 6520.0 

6500.0 

6480.0 

6460.0 
6440.0 

(le   (>9) 

7 	(V) 	'4 	 (V) 
e  0 
s  d (H) 

0 	(V) 
s   (H) 	n • (H) 

r 	(v) 	 (v) 
3 

2  0 (H) 	 (H) 

(V) _ 	Cf.) 1 .,  _ 	(V) 

( 

	

< V 	1:) / 	\\ 	(H) 	  \\=e)  : 	 (14 

(H)  	 H  

(V) 	 (V) 	 \ 	(H)  	(H) 

(V) 	 (V) 	 (H) 	 H 
e 	C 	

- 

(V)   ( 

(H 

(V ) 

vu,_24,, 	voil 

vo9) 	 vug)•  1 
H (V) 

H(V) 

NOTE 

DENOTES HORIZONTAL POLARIZATION. 
V- DENOTES VERTICAL. POLARIZATION. 

1/4c, 



RADIO FREQUENCY CHANNEL ARRANGEMENT  : : 	4 7 I - 	- • 

CHANNEL - 
FREQUENCY 

(MHz) 

( SYSTEMS WITH CAPACITIES OF .600-1260 TELEPHONY CHANNELS OR  TV)  

REPEATER 	 REPEATER TERMINAL 

6920.0 

6900.0 

6880.0 

6860.0 

6840.0 

6820.0 

6800.0 

6180.0 

(H) 	 (H) 

(v) 	• 	. 	(v) 

(V) 	 (V) 

(H)  	 (H) 

(v) 	_ 	( 	(v)  

(v1.  
(H) 	 (H) 

(v 

6580. 0 

6560.0 

6540.0 

6520.0 

6500.0 

6480.0 

6460.0 

6440.0 

(v) 	 (v) 

(v) 	 • 	• _(v) 

(v) 	 (\o) 
(H) 	 (H) 

(v)  	 (v) 

NOTE:- 	 • 

H - DENOTES HORIZONTAL POLARIZATION. 

I 
vOEI) 	 v) 	

V- DENOTES VERTICAL POLARIZATION. 
viH) 	 WY) 

I 	 V(H) 	 V(H) 	1 	 H(V) 	 H(V) 1  



e • 
CHANNEL 

FREQUENCY 
(MHz) 	 •CHANNEL. 

Na 

( SYSTEM2 WITH cAmcrrEs OF 1260 - 2700 TELEPHOtdY CHANNELS OR EQUIVALENT )  

(FIRST SYSTEM IN AREA)  

REPEATER 	 TERMINAL• 

(H) 	 (H) 

(V)—

•  (H)  s 	 (H) 

(V)  	(V) 

6920.0 

•

easo.o 

6840.0 

6800.0 

TERMINAL 

(V) 

(H) 

• (v) 	— 	(V) 

(H) 	 CH) 	 (H) 	 (H) 
Y.r 

(V) 	 (V) 	 (V) 	 (V) 

(v) 

REPEATER, 

(H) _ 

6580.0 

6540.0 

6500.0 

6460.0 

	

,, .1H) 	// -, 	\\ 	(H)',:   . • 	' . 	.e. . 	:

•

/ 

	

(V) 	' / 	. . ' • 	\. 	(V)' < 	, 	' 	' 	- 	' : (V)./ 	- - - . 	. 	' \  ( 11.) . 	, 	' 	• - 	 . ' (H) 

	

(H) 	. 	- 	' 	(H) _ 	- : 	_ ' 	(M)' , 	, 	. 	(V) 	_ 	- 	(V) 

(v) 	\ 	(v) 	 (v) /I / \ \ (H) 

o-9(v) iig (V I 

NOTES:- 

1  - DENOTES HORIZONTAL POLARIZATION 

- DENOTES VERTICAL POLARIZATIOê! 

V(>11. ••H(V) 

RADIO FREQUENCY CHAIYNEL ARRANGEMENT  



• 	,p• 

TERMINAL REPEATER TERMINAL REPEATER • 

(v) 	 - 	. :› 	 

 

(v) 	a' 	' 	' ( v) (v)  

/ 
(11) 	 (H) 	 . 	(H) 

(H)  \\ /// 	(H) 	(H)  \\ /// 	W) 	(V) 

(). 	• 	 / 	(H) 	_ 	(H)  

H- DENOTES HORIZONTAL POLARIZATION 
V- DENOTES VERTICAL POLARIZATION 

(H) 	 _ 	(H) 

(v) 	 (v) 

(H) 	 (H) 

(v) 

CHANNEL 
FREQUENCY CHANNEL 

(MHz) 	NO. 

RADIO FREQUENCY CHANNEL ARRANGEMENT  

(SYSTEMS WITH CAPACITIES OF 1260- 2700 TELEPHONY CHANNELS OR EQUIVALENT )  

(SECOND SYSTEM IN ARF_A)  





• 1710-1900  MHz 	 _ , 

THIS.BAND HAS TWO ARRANGEMENTS THAT PRoyibE FOR THE DEVELOP- . 

.MENT  OF  RADIO-RELAY SYSTEMS WITH CAPACITIES OF MORE THAW 60 AND UP TO 

300 SS14FM.TELEPHONY CHANNELS OR THE EQUIVALENT LOADING, AND FOR SYSTEMS. 

, WITH CAPAGITIES OF AT LEAST,6 AND UPTO 60 SSB.-FDM TELEPHONY CHANNELS 

OR THE EQUIVALENT LOADING. THESE ARRANGEMENTS ARE DESIGNED FOR SYSTEMS 

COMPRISED.OF ONE WORKING AND ONE PROTECTION R.F. CHANNELS.  IF  FULL 
• 

GROWTH AS INDICATED ON PAGE 9e IS NOT ACHIEVED, AND IT IS NOT POSSIBLE: 

TO RE-USÉ THE SAME SET OF SYSTEM FREQUENCIES WITHIN THE HOP ASSOCIATED' 

WITH A SPUR JUNCTION POINT OTHER 11NUSED RF CHANNELS FROM PAGE 98 CAN , BE _ 

USED FOR THIS PURPOSE'. (Sep PAGE 99). •  

FOR  SYSTEMS WITH CAPACITIES OF 6 > T0 60.TELEpHONY CHANNELS .  

REFER TO FAGE.100... 

SOST »O. CHANNEL. CAPACITY SYSTEMS'REQUTRE.AN'ANTENNA FOR:' 

EVERY TWO RF DUPLEX CHANNELS, 

SUPERVISORY, CONTROL AND MAINTENANCE INFORMATION MAY BE 

CARRIED INI  THE SUB-BASEBAND OF RADIO-RELAY SYSTEM. USUALLY RADIO 

RELAY SYSTEMS IN THIS BAND CARRY SUPERVISORY, CONTROL AND MAINTENANCE 

INFORMATION FOR OTHER RADIO-SYSTEMS (i.e. 4GHz AND 6 GHz  BANDS). 

THE TRANSMITTER POWER DELIVERED TO THE ANTENNA INPUT SHALL 

NOT EXCEED 2 WATTS PER RF CHANNEL. 

THE CENTRE FREQUENCY OF THE EMISSION SHALL BE MAINTAINED 

WITHIN -I- .01% OF THE ASSIGNED FREQUENCY. 

THE.SMOOTHE0MRECTIVITy PATTERN OF THE ANTENNA FOR  BOTI1 

POLARIZATIONS: . MUST REMAIN WITHIN THE ENVELOPE SHOWN  ON PAGE  101.:: 
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• CO 	Frequency 	RET.URN 	- Frequency ! 
Channel  No.. 	(111-1z) 	. Channel-  No. 	(MHz: 

A7 	1717.0 	el 	1825.5 
87 	1724.0 	B7 1 	1832.5 

A8 	1731.0 	A8' 	1839.5 
88 	1738.0 	B8e 	1846,5 

A9 	1745.0 	A9' 	'1853.5 
89 	1752.0 	B9' 	1860.5 

A10 	1759.0 	A10 1 	1867.5 
B10 	1766.0 	B10' 	1874., 5 

All 	1773.0 	AU' 	1881,5 
B11 	1780.0 	Bile 	1888.5 

A12 	1787.0 	Al2' 	1895.5 
812 	1794.0 	B121 	1902.5 

GO (1st Hop) RETURN 

System el 	A7-A10  V 	A7 ,A100 

Syotc  2 	1L8-All H 	:A.8 0-Alle H 

19-Al2 V(H) A9°74112e V(11)1 '139 9-B12 V(H). B9-1312 V(H) 'System C3 

GO (2nd hop) RETURN 

87 1 -1310 1  V 	87-810 V 

B8e.B11° H 	. 

• 
60 TELEPHONY 

CHANNEL  MUMS 

CHAIM. CARRIER FREQUENCIES 

' 	6 - 60 TELEPHONY CHANNEL SYSTEMS 

FREQUENCY PAIRING Fog DUAL RF omen SYSTEMS 

Notes.; . This p?.an is repeated on the ,third and fourth hop 
with ‘-d-oss-pelarization. 

'An opposite polarization scheme than ' 
_t•at suggested above ia#e be.employed. 

n 

• 
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P. 102 

GENERAL CONSIDERATIONS 

a) FREQUENCY PLANS ARE EITHER TWO FREQUENCY PLANS OR FOUR 

FREQUENCY PLANS (SEE PAGE 103 FOR DETAILS). 

h) IN A PROPERLY DEVELOPED FREQUENCY PLAN NO STATION SHOULD 

TRANSMIT THE FREQUENCY IT RECEIVES° IF THIS SHOULD OCCUR SERIOUS INTER-

FERENCE NOISE COULD MAKE THE SYSTEM UNUSABLE . THE TRANSMITTED SIGNAL IS 

AT A MUCH HIGHER LEVEL THAN THE RECEIVED SIGNAL AT ANY STATION. TO AVOID 

INTERFERENCE FROM THE TRANSMITTER INTO THE RECEIVER, THEY MUST BE SEPARATED 

IN THEIR FREQUENCY. 

TO AVOID SUCH A HAPPENING IN A FULLY DEVELOPED PLAN ANY 

LOOPED SYSTEM SHOULD HAVE AN EVEN NUMBER OF HOPS. 

c) THE LARGER THE SIZE OF THE ANTENNA, THE MORE IS ITS 

DIRECTIVITY° THIS WILL MINIMIZE THE AMOUNT OF TRANSMITTER POWER  OUT 

 SIDE THE MAIN, LOBE AND CONSEQUENTLY REDUCE.THE CHANCE OF,INTERFERENCE 

IN FOREIGN SYSTEMS OPERATING AT THE SAME FREQUENCY IN THE SAME GEO- , 

GRAPHICAL AREA. 	• 

A) LOOKING AT THE FREQUENCY PLAN ON PAGE 103 9  TRANSMITTER A 

CAN .CLAUSELESS INTERFERENCE IN RECEIVER C THAN IN RECEIVER D SINCE 

RECEIVER D OPERATES ON THE SAME FREQUENCY TRANSMITTED FROM A, WHILE C 

IS SEPARATED IN FREQUENCY FROM TRANSMITTER A. HENCE, IT IS RECOMMENDED 

TO CROSS POLARIZE FREQUENCIES F;ROWA TO B AND FROM CTO D TOlPROVIDE 

MORE DISCRIMINATION. 



1-'. loi 

/ 

Ç ' 
 

-re.,,T1 0 Ple: 

43 .  

• "r'.4 

Te; 

el 
1ra 

, 	Y.,...._,...„, 	 H  

	

/ \ 	---11— 	
i 
f 

h, 
f'-' --  

?---- 	--- -1 	' 

Fou 	- 	EQu I\IC.Y • 	K-160• t 

sTt\lo FREQuewcy 	PL .N 



• 

P. 104 

BASEBAND FRE UENCIES: - 

PREVIOUSLY WE STUDIED THE PROPER ARRANGEMENT USED WHEN TRANS-

MITTING MICROWAVE CHANNELS AND HOW THE IF SWITCHING FUNCTIONS PROVIDE 

RF PROTECTION. ON PAGE 105 WE WILL FIND THE EQUIPMENT ARRANGEMENT FOR 

THE TRANSMITTING END BEYOND THE IF SWITCHING TILL THE OUTPUT OF THE 

MULTIPLEX. IN EFFECT WHAT IS SHOWN ON PAGE 105 IS THE BASEBAND PORTION 

OF A MICROWAVE SYSTEWS TRANSMITTERS. THE MULTIPLEX EQUIPMENT IS USUALLY 

LOCATED IN THE CENTRAL OFFICE WHERE THE SWITCHING EQUIPMENT IS. THE 

MICROWAVE RADIO EQUIPMENT COULD BE LOCATED AT THE CENTRAL OFFICE, WHERE 

THE WIRE LINE ENTRANCE LINKS CABLING COULD BE A FEW FEET LONG. IN URBAN 

AREAS WHERE THE POSSIBILITY OF BUILDING BLOCKAGE IS PRESENT OR BECAUSE OF 

ZONING AND AIRPORT RESTRICTIONS, THE MICROWAVE RADIO EQUIPMENT COULD BE 

LOCATED A FEW MILES AWAY FROM THE CENTRAL OFFICE, IN THE OUTSKIRTS OF THE 

URBAN AREA. 

IN THE BASEBAND HIERARCHY FOR AN FDM SYSTEM: — 

12 VOICE CHANNELS (OR TELEPHONE CIRCUITS) = 1 GROUP 

60 VOICE•CHANNELS 	" 	" 	) = 5 GROUPS = 1 SUPERGROUP 

	

600 VOICE CHANNELS (" 	" 	" 	) = 10 SUPERGROUPS = 1 MASTERGROUP 

	

3600 VOICE CHANNELS (" 	tt 	" 	) = 6 MASTERGROUPS = 1 JUMBOGROUP 

IT SHOULD BE NOTED THAT JUMBO GROUPS ARE NOT CARRIED ON 

MICROWAVE FACILITIES BUT RATHER ON CABLE FACILITIES (AT&Tes L4 CARRIER). 

THE BELL SYSTEM BASEBAND HIERARCHY IS SHOWN ON PAGE 106. 

, ON PAGE 107 YOU WILL FIND THE CARRIER FREQUENCY ALLOCATIONS 

FOR TYPICAL - BELL AND CCITT SYSTEMS. THE L1 MULTIPLEX WAS THE ORIGINAL 

BELL SYSTEM  MULTIPLEX  DEVELOPED FOR THE TD—Z M1QROWAVE.RADI0, WITH,A 

• 
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p o  108 

CAPACITY OF 600 V0F0 CHANNELS° THE L1AND:L4 BASEBAND FREQUENCY 

ALLOCATIONS ARE USED ON THE BELL SYSTEM 9 S-L3 AND L4CABLE CARRIERS° IT 

SHOULD BE NOTED 9  HOWEVER 9  THAT MASTERGROUPS 1 AND 2 ALLOCATIONS ON THE 

L4 SYSTEM ARE SIMILAR TO THE BASEBAND FREQUENCY.ALLOCATIONS FOR THE .TD..3 

. (BELL SYSTEWMICROWAVE SYSTEM WITH 1200 V0F0 CHANNELS CAPACITY) ASSIGN.. 

MENTSo , 

THE CCITT'4MC SYSTEM:FREQUENCY ASSIGNMENTS  ARE USEDJeOR 

MICROWAVE SYSTEMS WITH A CAPACITY OF 960 Voio GHANNELSo 2HIGHER'CAPACITY 

SYSTEMS HAVE TO USE  THE 12  MHz  BASEBAND FREQUENCY ASSIGNMENTSo:FOR MORE 

DETAILS ON tme CCITT 4MC SYSTEM SEE PAGE 109 AND 110o 

AT THIS TIME:WE  WILL  LOOK IN.DETAILAT TUE BELLSYSTEMS-1200 

CHANNEL CAPACITY BASEBAND MODULATION,PLANo TUESE ARE SHOWN ON PAGES 111 9  

.112 AND  113 0  
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• MICROWAVE INTERFERENCE: - 

A 

114 

IF  WE HAVE TWO MICROWAVE RADIO RELAY SYSTEMS WITH THE HOP AB ON 

THE FIRST' SYSTEM AND CD ON THE SECOND, THE AMOUNT OF INTERFERENCE CAUSED BY 

TRANSMITTER .AINTO RECEIVER D WILL DEPEND ON THE FOLLOWING: 

' 	a). THE 'POWER OF TRANSMITTER A COMPARED TO THE POWER OF 

. 	TRANSMITTER C. 

- b) THE DISTANCE AD COMPARED TO DISTANCE' CD. 

c) THE ANTENNA GAIN AND DISCRIMINATION CHARACTERISTICS AT 

BOTH A AND D. 

'd) THE FREQUENCY SEPARATION BETWEEN THE FREQUENCIES TRANSMITTED 

• FROM A TO B AND THE FREQUENCIES RECEIVED FROM C AT p.: 	. 
e) THE FILTERING CHARAGTERISTICS OF THE RECEIVER AT 

f) THE TERRAIN PROFILE CHARACTERISTICS BETWEEN SITES A & D. 

'g) THE.CHANNEL LOADING OF HOP AB AND CD. 

LET US piscuss BRiEFLY SOME:DEFINITIONS. THAT WE WILL NEED FOR THE 

REST  OF THE  COURSE. 



A 

sWATT5 

. 115 

DB 

. THE DECIBEL IS A UNIT FOR COMPARING THE LEVEL OF POWER BETWEEN 

TWOiPOINTS ON A CIRCUIT, PROPAGATION PATH, ETC 

TO COMPARE THE POWER BETWEEN INPUT POINT A AND OUTPUT POINT B 

WE USE THE DB UNIT. 

THE.DIFFERENCE IN POWER'LEVEL BETWEEN  THE OUTPUT AND THE INPUT 

IS: 

10 LOG  10=  '10 X .3 = 3 DB. 

OBVIOUSLY THE DEVICE IS AN AMPLIFIER AND ANY  SIGNAL  INPUTED IN 

IT WILL BÈ AMPLIFIED BY 3 DB. 

DUI 

INSTEAD OF COMPARING THE DIFFERENCE IN POWER LEVEL BETWEEN TWO 

POINTS, filIS UNIT COMPARES A CERTAIN POWER RELATIVE TO A POWER EQUAL ONE 

WATT. 

FOR EXAMPLE A 2 WATT POWER IS EQUAL TO 

10 LOG ( 2 WATTS'..-- 

1 WATT  

10 LOG 2 = 10 X 0 3 = 3DBW. . 



10 WATTS IS 10 LOG il9WILTD.1 = 10 LOG 10 

( 1 WATT ) 

=: 1O  xl 10 DBW 

dbm 

'•THI'S UNIT COMPARES A CERTAIN POWER RELATIVE - TO À  POWER 

-EQUAL TO ONE MILLIWATTo • . 

, 
• - 1 WATT = 1000•MILLIWATTS • . ' 

FOR EXAMPLE A HALF WATT POWER IS EQUAL TO 500 MILLIWATTS, 

• 

 

P, 

lo Inc 500 mw -= 
1 mw. . 

10 X 2,7 = 27 dbm 

FOR 2 WATTS 9  10 LOG 2000 mw. 	uu 3 0 3 =,33 dbm. 
1mw  

• THE DIFFERENT.POSSIBLE SAME.,FREQUENCY INTERFERENCE SOURCES 

ARE SHOWN ON PAGE 1170 OFF=,FREQUENCY INTERFERENCE.BETWEER FREQUENCIES 

F1 AND F2 ARE \10TSHOWN ON mg mum. 

EXAMPLES 

•• • 	FOR THE TWO HOPS. SHOWN  ON PAGE  118 FIND THE TOTAL 	. 

DISCRIMINATION? (THE.LEVEL -OF THE DESIRED CARRIER/THE INTERFERRING CARRIER) 

,  THE TRANSMIT. POWER  07 STATION A = 10 LOG 5000 = 37 dbmo 

THE GAIN OF THE DELNY LENS 	= 39 0 7 dbo 

(SEE PAGE 119) 

ERP (EFFECTIVE RADIATED POWER) = TX POWER + ANTENNA GAIN 

ERP AT A = 374. 3907 = 76 0 7 db0 
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/ 

FoREt 	YST EM 
/ IN TE'RFEREMCS 

OVER REACH ECITERFERENCE 

fg 

• 

SAME swrion INTERFERENCE 

TO.OACUBONE 
UOTERFEREUCE 

. DACKSONE TO SPUR 
- INTERFERENCE 

SPUR ROUTE 

NOTE: SAME SECTION UNTERFERENCE OS CAUSED GY 
•7HE REFLECTION AnD REVERSAL a7 THE 

TRANSMITTER SECTION 

ADJACENT SECTION INTERFERENCE IS CAUSED 

EY THE REFLECTION AND .  REVERSAL OF THE , 

:RECEIVER SECTION. 

• 

Microwave System RF Interfé rences 



P.  L a 

-nt 1›ork.u.e.",• S TTS 

'DELAY  . LES .  ,I)ŒLA be 	Lgqni• 



	

AtT 	1 ..
POLARIZATION 

AFICIANGUO 1'0 flGe 	OP SIGNAL. 

	

V 	• 	I 	V 

	

M 	J; 

EMEUEEE.EIEaUriffEl 

40 	 00 	 120 

AZIMOTtl ouGneds cznonitstuo Lope 

• 1(S-5759 Delay Lens Antenna 41(MC 
Directivity  in  the .1,1orizontal. Mne 

trà 

Ca :› 

hd 
nt 0 

C) LII 

Z „j <1 .J 

Iii 

~~ 

'u  
9  Z 

u 
w r_. 
.„

~~

 e 
o tej 
h.. 
01 0 el 

0t 9  
I- UJ W  

UI

• 

el  
c,e 

0-1 0 

Z a o w 

III 	4  



P. Lao  

• 
All lioutoa rofotonco•on 15otropic nourco. 

For eoloronco to  lid( wave dipolo 

db... 

" 

2"eib 
! 

I 	; 

• 1-  
I 

?:610 
t 
I 

rn e10 

Sinntned Directivity 
in The  Horizontal  Plane' 

(- 7\, 
Responie to a parallel 

' 	— polarized signal . ' 
r, URVE 2 -'fiesponse to a cross 

polarized signal  

PLANE POLARIZED /  8 FT. ANTENNA, 3.7 To 402 Gc 
DIRECTIONAL PATTERN ENVELOPE.BOTI-I POLARIZATIONS 

_1 t ell § lossuin  nun%  
an 

gal s 
itiMien 
1611170,  

efr*  
• 0 ei 

>lie/ 
40",
e , 

q6 

Applios to typos: 

HP8-37 

,72/felleme 
P. O. 60It CO? o'COICA0(3.1111NOIS CO!.12 o 	' 

i4o Phoào 312 3404302 

now Vail%  o  WoohIngton, 	C. ,  0 Cooton  o  Leo ‘nooloo 

Pan Veoncloeo o :Orlin  o  l'oronIce o Montrool o:Coponhodon 



Po 121 

THE TRANSMIT POWER OF STATION C = 10 LOG 500 = 27 dbm o  

- THE.GAIN OF THE 8 9  DISH 	. . 	= 3703 dbo (SEE PAGE 120) . 

ERP AT C =•27 -173703 = 64,3 db o 	: 

• ERP ADVANTAGE AT D.  = ERr ATG ERP AT Ao 

• = 64.3 	7667 	1204 db o  

DISTANCE ADVANTAGE =- 20 LOG (75 MILES) =1, 20 LOG AD 

CD (15 MILES) 

20  LOG 5=...14 db 6- 

ANTENNA DISCRIMINATION Ivr . ,A= :.3965..db (SAME POLARIZATION): 

. (SEE PAGE 119) 

_ANTENNA, DISCRIMINATION  AT  D  = 50, db ( K.POLARIZATION): 

ANGULAR DISCRIMINATION = 3965 -I- 50 =. 8905 dbo 	. 

TOTAL DISCRIMINATION =- ERP ADVANTAGE 	424  db 

: 	: • -1- DISTANCE ADVANTAGE 11-14' 

+89 0 5 db - 

. . 	I- 911db ' . 	... . 	. 

DESIRED CARRIER/INTERVERRING CARRIER = 9101,,db0 : - 

ANGULAR DISCRIMIN 

ATION 

C ' 

I .  
9161 db o  
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SAME FREQUENCY INTERFERENCE CRITERIA  

THE RATIO C/I IS RELATED TO.THE NOISE IN THE BASEBAND y.F. 

CHANNELS. THIS RELATION IS 

C/I = 88.= NOISE - RECEIVE TRANSFER CHARACTERISTIC. 

NOISE IS EXPRESSED IN dbrncoi, wp1LE THE RTC IS EXPRESSED IN 

db. 

THE RTC FOR DIFFERENT BELL SYSTEM OR CCIR LOADING IS GIVEN 

ON PAGE 123 0  

EXAMPLE: 

A CCIR SYSTEM WITH A LOADING OF 600 CHANNELS IS INTERFERING 

IN A BELL SYSTEM WITH 1800 CHANNELS LOADING. THE CALCULATED TOTAL 

DISCRIMINATION IS 59 db. FIND THE NOISE INTRODUCED IN EACH V.F. CHANNEL 

IN THE BASEBAND? 

INTERFERING 600 CCIR 

DESIRED 1800 BELL SYSTEM 

FROM THE TABLES IN PAGE 123 RTC = 5.1 db. 

C/I = 59 db 

C/I = 88 NOISE - RTC 

59 = 88 - NOISE - 5.1 

NOISE = 23.9 dbrncoo 

• • - 	FOR A PROPERLY. DESIGNED SYSTEM THE  NOISE. CAUSED BY AN INTER- 

'FERENCE'EXPOSURE SHOULD NOT EXCEED .  4 dbrnco. 	. 



CCI_R Bell System- Interfering 

E-4 
cl)  
P-+ 

RECEIVER TRANSFER CHARACTERISTIC  

_dB H 

Desired 480 	600 . 720 	960 	1200 	1800 	480 	600 	720 	960 	1201 	. 1202 	1800 

Q .  o  

. 480. 	- 	20.1' 21.0 2. 21.1 -. 21.6 	216 	20,0 	2066: 20.9 	21.4 	. 21,6 	21.6 	21,7 

600L , . 17.2 	18.8 .19,2 	20,4 	20.7 	20.9 . 16.9 	17.8 -,  18.5 	19.7 	20,3 	20.6 	20.8 

720 	- 16.3 	18.1 	186 . 20.1 	-20.4 	• 0.7 	15.9 - 	16,9 	17.7 	19.1 	. 19.8 	.• 20.2: 	20,6 

9.60 	11,2 • 13,8  r 14.6 . • 17.7. 	1806:. 	• 1908 	12 .0.0'_ 13,1 	15.3. 	16.8 	. 18.1 	• 19,2 

1200 . - 	.  91. 11.9 	12.7. .16,5 	17.6- : 19.2. .8.5 	9,9. -  11,1 	13.5 	- 15.2. 	16,9: 	18.4 

1800'• 4,2 . 7,2 	8.2 •12.7 - 14,4: 1.7.3 	375o1 	6.4 	9.0 	11.1 , 13,4 • 	15,8 

480 	.21.0 ,2106 : 21.7 	22.Q 	22* :22,1 	20,9 	21.4 	21.7, 22.0 , 22.1 	22.1 	22,1 

6001. 	.19.7 . 20.7 .. 20.9' 	21.5. 	21.6 • . 21.7 	19.5 	20.2 	•20.6, 21.2 	2L5 	21.6 • 	21.7 

720 	• . 	1865 	19.9 	20.2' 	21.1 	_21.4 	18.3 . 	, 19.7 	20'.6 : 	21.0 - .21.2 	21.4 

960 	. 15.8 	17.8 ::18.3 	20.0 '• 20.4, ›,20.8 	15.4 . 	16.5 	17.3 , 18c;8 	19.6 	2po2 	. 20,7 

1201: 	13.6 	15.9 ›: 16.6 • 19.1. 	19.7: 	20,4 	13.1 	17,2 • 18,4 	19.3 	20,1 

1202 .: 	10.4 	13.1 	13.9' . 17.3. - 	18.3. , ' : • 9.6, 	:9.9 	'113 	12,4 . 	14 0 7 .  ... 16.2 	17,7 	. 19.0 

1800 	761 	10.0. 	I0<;9 . 15.1. 	16.;4 	:18.6 • .6.6- 	8.0 	. 9.2 	11.8 	13.6 	15.'6 " 	17.5 

et1 
o  

(.n.) 
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THE TABLES ON PAGE 125 GIVE THE DESIRED C/I FOR DIFFERENT 

LOADINGS ON CCIR OR BELL SYSTEMS MICROWAVE  RADIOS  9  ASSUMING THAT A 4 dbrnco 

OF NOISE COULD BE ALLOWED PER EXPOSURE. 

EXAMPLE: 

. 	FOR BELL SYSTEMS RADIO FIND THE PROPER Cil:IF:THE-INTERFERING 

• CHANNEL RAS 480 V.F. CHAHNELS IN OPERATION WHILE THE INTERFERED 

CHANNEL HAS 1200 V.F. CHANNELS?  

NOISE 	= 	4 Ornco  

' 	:RTC. 
	• 29.1 db 	(SEE PAGE 123) 	• 	• . 

C/I = 88 -‘ 4 =-901 	= 	74.9 db . 

• WHICH IS, APPROXIMATELY - EQUAL:TO THE 76 db SHOUN ON  PAGE 125. 

OFF-FREQUENCY INTERFERENCE CRITERIA  ' 

THIS TYPE OF INTERFÉRENCE  USUALLY COMES FROM FOREIGN.SYSTEMS. 
, 

NOISE CONTRIBUTION IS . ÙSUALLY CALCULATED FORTHÉ-WORST CASEYWHENSEITHER 

CARRIERS ARE MODULATED. 	 • 
. 	: 

PAGE 126 SHOWS THÉ RECOMMENDED C/I FOR OFF-FREQUENCY INTERFERENCE' 

•CASES. 

EXAMPLE: - 

• TWO SYSTEMS HAVE 600 V.F. CHANNELS LOADING AND ARE SEPARATED 

BY 6 MHz. FIND THE RECOMMENDED CiI. 

FROM PAGE 126 	•C/I = 55 db. 



480 

600 

720 

960 

1201 

1202 

1800 

• 
CARRIER TO INTERFERENCE RATIO 

FOR 4 DBRUCO OF NOISE  

db 

. 	 Interfering 	 Bell System 	 CCIR 

Desired 	480 -- 600 720 	960 	1200 1800480 	600 720 	960 	1201 	1202 	1800 — — ---- — — — — — — 

: 	.480 	 64 	'63 	63 - 	62 	• 62 . 	62 	64 	63 	63 	62 • 	62 	• 62 	62 

• 6 00 • 	• .  :67 	65 .- 	65' . 	64 	63 - 	. .63 	.67: -  . 66 . 65 	64 	64 	64 	63 

E-4 	 . 

2 720 	 68 	66 	66 	64 - 	64 . 	63. 	68 	67 	66 	65 	64 	64 	64 
tin 	 - 

.960 	 73 	.71 	70 	66 	65 	. 64 	74 	72 	71 	69 	68 	66 	65 
e7a 
el 	 • 	 • 	• 	 — 	-• 

1200 	 76 	73 . 	72 	.68 	66 	65 	76 . 75 	74 • 7 1  • • 	69 	• 67 	66 

1800 	 81 . 78 	77. 	72 	70. 	67 	. 81 	80 	79. 	76 	74 	71 	69 

63 	62 	62 	62 	62 	62 	63 	63 	62 	62 	62 	62 	62 

64 	63 	63 	63 	62 	62 	65 	64 	63 	63 	63 	62 	62 

64 	64 	63 	63 	63 	66 	65 	64 	63 	63 	63 	63 

68 	66 	66 	64 	64 	63 	69 	68 	67 	65 	65 	64 	63 

71 	68 	67 	65 	64 	64 	71 	70 	69 	67 	66 	65 	64 

- 74 	71 	70 	67 	66 	64 	74 	73 	72 	69 	68 	66 	65 

77 	74 	73 	69 	68 	65 	77 	76 	75 	72 	70 	68 	67 
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• Co-channel interference product limit: 10 PW FIA for each intesference source. 

S• purious level is -65 dEas0 or smaller for an unmodulated interference signal. 

• Adiacent channel results in c.rcGstalk lower than basic noise under any propagation conditions. 

• Effect of COR pie-emphasis included. 

. Deviation ;is _200 IcHz RMS for 300, 600 and 960 channels and is 140 kHz RMS for 1200 channels, 1 100 
CD 

e 	_ 

	

_ 	

_ _ 	I 

	 _ 1200-Channels 
t 	• 

- 960 Channels 

J 

n "3  
- 

_5 
c 

, D 

— 600 Channels' 

04 	0.6 	10 	2 . 	4 	- 6 	810 	 20 
1;ETWEFN DEs11-=_ED AND INTERFERiNG CARR1FE-S (MHz). 
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" 

SATELLITE  INTERFERENCE CRITERIA 

• 	• COMMUNICATIONS SATELLITE  SYSTEMS OPERATE - IN E0TH THE 

4 , GHz. AND - 6 GHz FREQUENCY BANDS °,  GEOSTATIONARY SATELLITES ARE 

POSITIONED 22 9 000 MILES OVER THE EQUATOR . (0 DEGREES OF LATITUDE), 

AND :ROTATE AT'A SPEED EQUAL TO THAT OF'THEEARTH. THE - LDNGITUDE - 

:-.0È THE SATELLITE COUP VARYYHILE THE LATITUDEIS'ALWAYS:AT 0 

DEGREES °  

THE UPWARD LINK  IS  IN THE 15GHZ  'BAND, WHILE THE DOWN- ,  

WARD LINK-IS - IN THE 4.- GH'.BAND. THIS ÈEANS.THAT TERRESTIAL Z 	• 	„ 

SYSTEMS OPERATING IN TEE:6- GHz  BAND COULDINTERFERE WITH- THE 

- SIGNAL RECEIVEDAT THE.SATELLITE,..WHILETHE SATELLITE INTERFERES 
. 	. 	. 	. 	, 

WITH TERRESTIAL SYSTEMS OPERATING  IN  THE ,4  GHz  BAND. 

EiCAMPLE 

A TERRESTIALMICROWAVE'SYSTEM OPERATING  IN THE  4  CHz  
. 	, 

BAND HAS-A RECEIVER WITH A LATITUDE OF 48 DEGREES ÀÉli AN ELEVATION-.  

: ANGLE  or  + 0.5 DEGREE: ITS AZIMUTH FROMHSOUTH TO EAST IS .78 °..' 

FIND THE INTERSECT ANGLE  or THE  sTATickteYoàBIT By THE,RADIO-RELAY,i, 

ANTENNA BEAM.' IN 'ADDITION, FIND: THE- LONGITUDE 0F THE - INTERSECT 

POINT OF THE STATIONARYORBIT.' 

- : - . FROM THE GRAPH ON TmE 

WITH AN ELEVATION ANGLE OF .+ .5 DEGREE 

AND A LATITUDE :==.. 48 DEGREES 
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P. 130 

• 	THE ANTENNA AZIMUTH FROM SOUTH . FOR A DIRECT INTERSECT OF 

-:'STATIONARY ORBIT IS 79 DEGREES. 

THE DIFFERENCE IN THE INTERSEOT .ANGLE IS.7978=-7  ONE DEGREE. - . 

IT - IS RECOMMENDED THAT THE DIFFERENCE IN THE INTERSECT ANGLE  BD MORE 

THAN FOUR DEGREES AND NOT LESS THAN TWO DEGREES. 

• IF THE  LONGITUDE OF THE MICROWAVE RECEIVER IS X THEN:THE 

LONGITUDE OF THE INTERSECT POINT OF  -THE STATIONARX, ORBITIS; .  

76) DEGREES ( SEE PAGE 129 ) 
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WE WILL DEAL IN THI PORTION OF THE COURSE WITH THE NOISE 

PERFORMANCE OF A MICROWAVE SYSTEM. 

THERE ARE BASICALLY TWO TYPES OF NOISES IN A TRANSMISSION, 

SYSTEM. 

a) IMPULSE  NOISE: 	WHICH IS OF TEN THE NOISE PRODUCED 

BY EXTERNAL SOURCES TO THE SYSTEM ITSELF. THIS TYPE 

• OF NOISE IS HARD TO PREDICT AND IS MEASURED FOR A 

CERTAIN DURATION OF TIME, SINCE AS THE NAME INDICATES 

IT e  THE IMPULSE NOISE IS NOISE PRODUCED DURING A SHORT 

DURATION OF TIME. 

IMPULSE NOISE COULD BE PRODUCED BY HIGH VOLTAGE SWITCHES 

AND HAS A VERY MARKED EFFECT ON DATA TRANSMISSION. 

b) - STUDY STATE NOISE: — THIS TYPE OF NOISE IS INHERENT TO . 

THE SYSTEM ITSELF.  AND PRODUCED INTERNALLY, AND COULD BE 

PREDICTED BY CALCULATIONS. 

THE STEADY STATE NOISE INCLUDES: — 

1. THERMAL NOISE: — THIS NOISE IS INDEPENDENT ON SYSTEM 

LOADING, HOWEVER, BECAUSE OF THE PROPAGATION CHARACTER7.' 

ISTICS OF MICROWAVE PATHS, IT WILL BE A FUNCTION OF 

THE FADING ON , THESE PATHS.' FADES DUE  TO PROPAGATION 

ARE TIME DEPENDENT AND COULD BE EXPRESSED STATISTICALLY 

' 	RELATIVE—TO LONG PERIODS OF TIME (eogo', ONE MONTH). 	" 

2 0  INTERMODULATION NOISE: — THIS NOISE IS DEPENDENT ON 

SYSTEM LOADING, HENCE IS TIME DEPENDENT DUE TO VARY-

ING TRAFFIC CONDITIONS. HENCE e  MAXIMUM INTERMODULATION 

NOISE COULD BE EXPRESSED IN'TERMS OF "BUSY HOUR"o 



• 

THE MOST PROMINENT SOURCES OF THERMAL NOISE ARE THE: 

1. BASEBAND AND MODULATING EQUIPMENT 	. 

2. LOCAL OSCILLATORS • 

3 0 R.F. AMPLIFIERS 

4, RECEIVER uFRONT  ENDu 

THE MOST PROMINENT SOURCES OF.INTERMODULATION NOISE 

ARE THE: 

1. PHASE CHARACTERISTICS OF RF AND IF CIRCUITS 

2. AMPLITUDE . CHARACTERISTICS OR RF AND IF CIRCUITS 

3. AMPLITUDE - LINEORITY- CHARACTERISTICS OF THE - 

BASEBAND EQUIPMENT 

4. ECHOES 

THE EFFECT OF PHASE DISTORTION IS SHOWN ON PAGE 133, 

A SINE WAVE, WHICH REPRESENTS THE SIGNAL IN THIS CASE,  IS  COMPOSED 

OF MANY HARMONICS, WHICH HAVE DIFFERENT FREQUENCIES. IF A CIRCUIT 

PASSES DIFFERENT FREQUENCIES AT DIFFERENT SPEEDS, THAN THE HIGHER 

HARMONICS WILL ARRIVE AT A CERTAIN POINT IN THE CIRCUIT LATER OR 

BEFORE THE LOWER HARMONICS, WHICWCAUSES THE PHASE , DISTORTION. 

ON PAGE 134 AND 135 THE THERMAL AND INTERMODULATION NOISE 

IS SHOWN FOR THE R.F. PORTION OF A MICROWAVE RECEIVER° 	. 
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PAGES 137 AND 138 GIVES DEFINITIONS OF 19. 

NOISE MEASURING UNITS. WE WILL DISCUSS IN DETAIL SOME 

OF THEM. 

WE HAVE ALREADY DISCUSSED.THE UNITS db, dbm 

AND dbw IN THE PREVIOUS PORTION OF THE COURSE. ALL 

THESE UNITS EXPRESS RELATIVE-  OR ABSOLUTE POWER UNITS. 

WE WILL NOW DISCUSS THE UNITS USED  FOR. MEASURING NOISE 

•  

IN A VOICE FREQUENCY CHANNEL. 

THE UNITS dba AND dbrn ARE CLOSELY RELATED 

UNITS: IN FACT dba MEANS dbrn ADJUSTED; BOTH TERMS 

ORIGINATED FROM RESEARCH DONE AT BELL LABRATORIES.. 

SINE NOISE MAY CONSIST OF RANDOM FREQUENCIES WITH WIDELY 

VARYING AMPLITUDES, IT WAS NECESSARY TO EVALUATE - THE 

INTERFERING EFFECTS OF SINGLE FREQUENCIES TO OBTAIN 

USABLE DATA. 

A LARGE NUMBER OF LISTENING TESTS WERE MADE 

WITH DIFFERENT TONES INTRODUCED  AS  INTERFERENCE., THE 

 DEGREE OF INTERFERENCE WAS DETERMINED BY COMPARING•THE 

POWER OF EACH TONE WITH THE.POWER.OF.1000 BZ.TONE THAT 
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DEFINITION OF NOISE MEASURING UNITS. 

1. dBa 

	

	(da m adjusted) Weighted circuit noise power in dB refereed 
to 3.16pW (-85dBm) which is Od0a 
Use of weighting indicated in parenthesis as required. 

2. dBe 

	

	(F1A) Weighted circuit noise in dBa measured on a line by a. 
noise measuring set with ru weighting. 
Note: le of a lkc mod ,  tone reads +85d0a, but the same white 
noise power•(300-3400cps) will read  •›82dBa due to frequency 
weighting. 	 • 

3. dBa 	(HA 1)  Weighted circuit noise power in dBa measured ecroes 
a 302 type receiver with HAl receiver weighting. 

4. ad) 	Circuit noise power in dBa referred to or measured.  et a point: 
of zero relative transmission level (OdBr or OUP). 
Note: it is preferred to convert circuit noise.readings from 
dBa to d0a0 as thip makes it'unneceseary  te  know or otate  the 

 relative transmission level st point of actual measurement. 

S. 	dBm 	Power in dB relative to le. 

6 , 	dBm0 	dBm referred to or measured ata point of Zero transmission 
level. 

. 	, 	 • 
7. 	dGmp 	(dBm peophometrically weighted) Unit of noise power in dOm 

measured with psophometric weighting. Conversion as followo: 

dBm(psoph) m'10 legit) pWp -90 m dBa -84 m.d8m - . 2,5  (for  flat. 
noise 300-3400cps). 

B. 	dBm0p 	Circuit noise in dBm0 measured on a line with a noise 
measuring set having peophometric weighting. 

9. 	ar 	dB - relative to point of zaro transmission levele 

W. 	arn 	(Decibels above reference noise) Weighted Circuit  noise 	• • 

	

• 	power in dB ref. 1pW (-90dBm) which is Barn. ,Typo of. 
' weighting indicated in - parenthesis.' 

Notal ,$) .With 	message weighting,a le lkc,:tene wIll 
read .  +90dBrn,'but the saMe power with'white  noise  
randomly dist*ributed over a 3kc band , (300-3400cps). 

.4 , 88dBrn.. 
b) With 144 weighting a le Ike 'tone will reed.490dBrn, 
but a 3kc band of white noise will read +82dBrn due to 
the different frequency weighting. 

11. 	-ern 	(144-line) Weighted circuit noise power in dBrn, Measured 
on a line by a noise measuring set with 144 line weighting. 
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• 

12. 	darn 	(144-receiver) Weighted circuit noise power in darn measured 
aeross the receiver of a subset with a 144receiver by a 

• noise measuring set with 144-receiver weighting. 

13. 	darn 	(C-message) Weighted circuit noise powerin darn e  measured . . 
or 	on a line by a noise  measuring eat with C message-weighting. 

darne 

140 	arne0 Noise measured in dame referred to zero transmission level • 
point. (OTLP) 	 • 

darn 	(fi 	f2 ) Flat noise power in darn, measured over m.frequeney, •. 
band between frequencies fi end f2  (eg. 3ke flat). 

. 	. 
16, 	OTLP 	Zero test level point (=Mae), point of zero relative 

transmission levolo 

17. . Psophometrie Voltage or "Psophometric pod." Circuit neise voltage 
measured on a line with psophometric weighting (CCIF 1951). 
applied. . . 
Note: a) Do not confuse with psophomotric omf e  which is the 

emf of a generator or line with 600 ohm impedance. This 
is numerically double the psophometric veltagb. 
b) Psophometric voltage to damp converts:ton ,  
dam(psoph) u. 20 logi o  V - 57.78 
(V in psophometric millivolts) 

• 18. • e 

	

	(Picewatt equal - to 10-12  watt  .or -90d8M)' .  A-ùnit of absolute 
power used for both weighted and unweighted noise ,  
10 log io  pW = dam -90 

• 
19. 	pWp 	(pW psophometrically .weighted) Noise power measured 

picowatts via a CCIF psophemetric filtoro 
pWp = U056pW (for flat noise 300,3400ops) 

NOTE: See Fig. 2,  for direct conversion 'of noise measuring 
units. 

„, 

• 



P0  139 

CREATED THE SAME DEGREE OF INTERFERENCE0 FOR EXAMPLE,. 	• 

IF THE INTERFERING EFFECT OF A PARTICULAR.TONE WAS TO - 

BE DETERMINED, THAT TONE WAS SUPERIMPOSED ON A .SPECIALLY 

SELECTED CONVERSATION AT A REFERENCE POWER LEVEL° WHEN 

THE INTERFERING TONE WAS REMOVED, A 1000 HZ TONE WAS 

SUPERIMPOSED ON THE SAME CONVERSATION ,AND ITS POWER LEVEL 

ADJUSTED UNTIL THE LISTENER JUDGED THAT IT HAD THE SAME -

INTERFERING EFFECT° THE DIFFERENCE NOTED BETWEEN THE 

POWER LEVELS OF THE SELECTED TONE AND THE 1000 HZ CYCLE 

TONE WAS THEN CONSIDERED TO.BE  THE.DIFFERENCE IN INTER 

FERING EFFECT. WHEN THIS SAME TEST WAS PERFORMED FOR A 

NUMBER OF DIFFERENT TONES IN THE VOICE FREQUENCY CHANNEL 

AND FOR A NUMBER OF DIFFERENT LISTENERS- USING  THE  SAME 

TELEPHONE SET e  IT WAS POSSIBLE TO-PLOT A GRAPH FOR EACH 

TYPE OF TELEPHONE SETS SUCH AS THOSE SHOWN ON PAGE 140 o  . 
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THE GRAPH ON PAGE 140, CALLED WEIGHTING 

CURVES, SHOWS THE RELATIVE INTERFERING EFFECTS  OF  

DIFFERENT FREQUENCIES IN THE V.F. - CHANNEL SPECTRUM 

COMPARED TO 1000 HZ. 

IT. WAS FOUND THAT AN INTERFERING 1000 HZ 

TONE AT -90 dbm HAS AN EXTREMELY NEGLIGIBLE INTERFERING 

EFFECT. HENCE THE TONE AT 1000 HZ AND •-90 dbm POWER • 

• 
WAS USED AS THE REFERENCE POWER, AND ALL OTHER NOISE 

POWERS LIKELY TO BE ENCOUNTERED WOULD HAVE A POSITIVE 

INTERFERING EFFECT THAT COULD BE EXPRESSED IN db ABOVE 

REFERENCE NOISE-OF-90 dbm AT 1-000 HZ OR IN ABBREVIATED - 

FORM AS dbrn. 

THE EARLY EXPERIMENTS WERE CARRIED WITH THE 

WESTERN ELECTRIC 144 HANDSET. LATER  AN.  IMPROVED HANDSET, 

THE WESTERN ELECTRIC FIA, CAME INTO GENERAL  USED  SIMILAR' 

TESTS WITH THE NEW HANDSET INDICATED THAT THE FIA GAVE 	• 

APPROXIMATELY A 5 db IMPROVEMENT OVER THE ELECTRICAL AND. 

ACCOUSTICAL  PERFORMANCE OF THE 144e BECAUSE OF THE 

DIFFERENCES IN SENSITIVITY AND FREQUENCY RESPONSE, NOISE 
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NOISE MEASUREMENTS WITH THE FIAWEIGHTING PROVIDED 

,INDICATIONS ABOUT 5 db HIGHER THAN WITH THE 144 

WEIGHTING. RATHER THAN CHANGE EXISTING• STANDARDS, 

A NEW  REFERENCE NOISE POWER OF -85 dbm WAS INTRODUCED 

WHICH PRODUCED IDENTICAL NOISE MEASURING SET READINGS 

OF EQUAL TRANSMISSION IMPAIRMENTS. THE CHANGE IN 

REFERENCE NOISE POWER NECESSITATED A CHANGE IN THE • 

UNITS USED TO EXPRESS INTERFERING EFFECT AND RESULTED 

IN THE ADOPTION .  OF-A NEW UNIT CALLED dba WHICH MEANS 

DECIBEL ADJUSTED. 

WITH THE INTRODUCTION OF 500 TYPE HANDSET, 

THE C MESSAGE WEIGHTING WAS INTRODUCED, AND THE RE-- 

FERENCE NOISE POWER WAS REVERTED AGAIN TO -90 dbm. 

THE UNIT RELATED TO THE C MESSAGE WEIGHTING IS THE 

dbrnco 

TELEPHONE NOISE MEASURING SETS HAD TO TAKE 

INTO ACCOUNT THESE DIFFERENT CHARACTERISTICS OF THE 

TELEPHONE . HANDSETS. ACCORDINGLY RMS NOISE MEASURING 
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SETS WERE DESIGNED y. WHICH HAVE THESE CURVES INCORPORATED 

INTO THEM. •THIS MEANT THAT ANYWHERE ALONG•THE CIRCUIT 

THE EFFECTIVE NOISE THAT WOULD BE RECEIVED BY THE 

LISTENER USING A TELEPHONE SET COULD BE MEASURED. 

OUTSIDE NORTH AMERICA, THE INTERNATIONAL . 

STANDARD TELEPHONE WEIGHTING CHARACTERISTICS IS CALLED 

THE CCIF PSOPHOMETER GURVE. IN THIS CASE THE REFERENCE 

FREQUENCY USED WAS 800 HZ AND THE NOISE UNIT WAS EITHER 

EXPRESSED IN MILLIWATTS (dbmp) OR PICOWATTS (pwp). A 

PICOWATT IS TEN WATTS TO THE POWER OF 

THE FOLLOWING IS A COMPARISON,TABLE OF VARIOUS 

NOISE MEASUREMENTS. 

• 



1740 MV 	 1164  NV 

5,62 X 10
8 PRP, 	6.03 X 10

8  rwP 

91 DBP 	 87.5 DBP 

120814V 

1.26 X 10 PWP 

87.8 DBP 

PSOPHOMETRIC 

EN? 

PWP 

DBP 

TNTERFERING NOISE AT 0 dbm LEVEL 	
4110 

NOISE UNIT - 

dbrnc 

dbrn 3KG FLAT 

dbrn 15KC  FLAT  

db a 

PSOPHOMETRIC 

VOLTAGE (600 ohms) 

1000 HZ 	 0 TO 3 KHz 

90 dbrnc 	88 dbrnc 

90 dbrn • 	- 	88,8 dbrn 

90 dbrn 	 90 dbrn 

85 dba 	 82 dba 

870 MV 	 582 MV 

WHITE NOISE OF 

-4.8 dbm/KHz 

88,4 dbrnc 

90,3 . dbrn 

97,3 dbrn 

82 dba 

604 MV 

t'd 
O 
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IN A LONG SYSTEM WHERE A STRING OF LOSSES AND GAINS 

PRODUCED BY CABLE  SECTIONS,  REPEATERS, AND OTHER COMPONENTS IS 

ENCOUNTERED e  IT IS NECESSARY TO ACCOUNT FOR THE SIGNAL MAGNITUDE 

AT MANY POINTS RELATIVE OT ITS MAGNITUDE AT OTHER POINTS. THIS 

IS ACCOMPLISHED BY• CHOOSING A REFERENCE'POINT e  CALLED THE TRANS-

MISSION LEVEL POINT. IN THE INTEREST OF CONVENIENCE AND UNI. 

FORMITY, THE REFERENCE  POINT.  IS DEFINED AS THE 0 db'TRANSMISSION 

/LEVEL POINT (OTLP). ‘. 0  

ii  

• EXAMPLE: NOISE MEASURED, ATi1000 HZ4AND ON A BANDWIDTH 

rolo 
- OF 0 TO.3. KHZ ° IN THE FOLLOWING UNITS: - dbrno 3KC.FLAT, dbrno  . 

15 KC FLAT, dbao, dbpo - 

90 - 32 = 58 db • 
. 	 . 	. 

dbrnco // 	b - 3 KHze 	88 - 58 .  = 30.dbrnco - 

dbrno 3KC FLAT//( .0 - 3 KHz, I808 - 58 = 3008 dbrno . 1 KHz , 90 . 58 

/// 

dbrno 15 KC FLAT /O - 3 KHz, 90 - 58 = 32 dbrno - 1 KHz,. .90 - 58 = 

dbao 

32 dbrno 

32 dbrno 

0 - 3 KHz, 82 	- 58 = 24 dbao 	1 Kli t 	85 - 58 = 

•27 dbao 

dbpo/ 3 KHz, 87.5 - 58 	29.5 dbpo - 1 KHz , 91 - 58 = 

33 dbpo 
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THE TABLES SHOWN BELOW INDICATE HOW db MEASUREMENTS SHOULD 

BE ADDED 

DIFFERENCE 	TOTAL* 	DIFFERENCE 	TOTAL* 

0 	3 	db 	3.6 	1.57 

	

.1 	2096 db 	3.8 	1.51 

	

e2 	2,92 	 4.0 	1.46 

	

.3 	2.86 	4.2 	1.4 

	

.4 	2.81 	4.4 	1.34 

	

.5 	2.77 	4.6 	1.29 

	

.6 	2.72 	4.8 	1.24 

	

.7 	2,67 	5.0 	1.19 
. 

	

e8 	2,63 	5.5 	1.08 

	

.9 	2,58 	6.0 	.98 

	

1,0 	2(.54 	6.5 	.84 

	

1.1 	2.49 	7.0 	078 

	

102 	2,45 	7.5 	.71 

	

1.3 	2,4 	 8.00 	.64 

	

1.4 	2,37 	8,5 	• 	.58 

	

105 	2,32 	900 	.52 

	

1,6 	2,28 	9,5 	.47 

	

1.7 	2.24 	10 	.42 

	

1,8 	2,2 	11 	,33 

	

1.9 	2,16 	12 	.27 

	

2.0 	2,12 	13 	.22 

	

2,2 	2,05 	14 	.16 

	

2.4 	, 	1,98 	15 	.14 

	

2,6 	1,9 	16 	011 

	

2,8 	1,8 	17 	.09 

	

3,0 	1,78 	18 	.07 
, 

	

3,2 	1,7 	19 	.06 

	

3,4 	1,63 	20 	.04 . 

* BY ADDING TO THE HIGHER OF THE TWO POWERS 
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EXAMPLE: - FOUR SOURCES OF NOISE EXIST ON A CIRCUIT WITH THE 

FÔLLOWING MAGNITUDES 10 dbrnco e  9 dbrnco e  8.8 dbrnco, AND 2 dbrnco. 

FIND THE TOTAL NOISE IN THE * CIRCUIT. 

10 dbrnco IS THE HIGHEST NOISE. 

10.1- 9 dbrnco = 12.54 dbrncO (SEE PAGE 146) 

12.54 - 8.8 dbrnco = 3.74 

• 12.54 -I- 8.8 dbrnco =  12054 + 1.51 = 14.05 dbrnco 

14.05 - 2 = 12.05 

14.05 + 2 dbrnco = 14.05 ± .27 = 14.32 dbrnco 

TOTAL NOISE = 14.32 dbrnco 

CCIR/CCIT  HYPOTHETICAL REFERENCE CIRCUIT 

IN ORDER TO PRÔVIDE A BASIS ON WHICH TO ESTABLISH NOISE 

OBJECTIVES CCIR/CCITT MAKE REFERENCE TO A "HYPOTHETICAL REFERENCE 

CIRCUIT" (h.r.c.). AT THE PRESENT TIME THE h.r.c. FOR LINE-OF-SITE 

SYSTEMS WITH CAPACITIES GREATER THAN 120 VOICE CIRCUITS PER RF 

CHANNEL IS 2500 km LONG AND IS COMPOSED OF NINE HOMOGENEOUS MODULATION 

SECTIONS. 

IT SHOULD BE NOTED THAT WHILE CCIR/CCITT HAVE DEFINED THE 

MULTIPLEX ARRANGEMENT AT EACH OF THE RADIO DEMODULATION POINTS . , THE 

NOISE OBJECTIVES ESTABLISHED FOR THIS CIRCUIT EXCLUDE THE CONTRIBUTION 

OF THIS EQUIPMENT. 

THE CCIR HAVE PROPOSED THE FOLLOWING RECOMMENDED NOISE 

PERFORMANCE VALUES FOR THE HYPOTHETICAL REFERENCE CIRCUIT: 



P. 148 

• 

"THE NOISE POWER AT A POINT OF .  ZERO RELATIVE LEVEL FOR 

ANY TELEPHONE CHANNEL ON THE 2500 km b.r.c..SHOULD NOT EXCEED THE 

FOLLOWING VALUES". 

(i) 7500 P7 (PSOPHOMETRICALLY WEIGHTED), MEAN POWER 

IN ANY HOUR. 

(ii) 7500 PW (PSOPHOMETRICALLY WEIGHTED), ONE MINUTE 

MEAN POWER FOR MORE THAN 20% OF ANY MONTH. 

(iii) 47,500 PW (PSOPHOMETRICALLY WEIGHTED), ONE 

MINUTE MEAN POWER FOR MORE THAN 0.10/ OF ANY 

MONTH. 

(iv) 1000.,000 PW (UNWEIGHTED),. (WITH AN INTER-

GRATING TIME OF 5ms) FOR NOT MORE THAN  0.01% 

OF ANY MONTH. 

• I 	NOTE THAT THE SIGNIFICANCE OF "ANY HOUR" IN (i) IMPLIES 

THE "BUSY HOUR" DURING THE WORST PERIOD OF PROPAGATION. 

THE EQUIVALENT "WHITE NOISE" LOADING LEVEL REPRESENTING 

THE TELEPHONE TRAFFIC IN THE "BUSY HOUR" HAS BEEN DEFINED BY CCIR 

AS: -15 + 10 LOG N dbm0 (FOR N GREATER THAN 240) WHERE N IS THE 

NUMBER OF VOICE CHANNELS. 

THE "ONE-MINUTE MEAN" USED IN (ii) AND (iii) CORRESPONDS 

TO THE AVERAGE DURATION OF TELEPHONE CALLS. THE "INTERGRATING TIME 

OF 5 ms" IN (IV) IS RELATED TO THE REQUIREMENTS OF TELEPHONE SIG-

NALLING AND TELEGRAPHY CHARACTERISTICS, 

REAL CIRCUITS 

IN ORDER TO APPLY THESE OBJECTIVES TO REAL SYSTEMS CCIR 

HAVE MADE A FURTHER RECOMMENDATION FOR SYSTEMS THAT DO NOT DIFFER 

APPRECIABLY FROM THE h.r o c. AND ARE BETWEEN 280 AND 2500 KM LONG: 

"NOISE POWER (PSOPHOMETRICALLY WEIGHTED) AT A POINT OF 

ZERO RELATIVE LEVEL FOR ANY TELEPHONE CHANNEL OF A 

SYSTEM OF LENGTH L km SHOULD NOT EXCEED: 
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(i) 3L pw, MEAN POWER IN ANY HOUR. 

(ii) 3L pw, ONE-MINUTE MEAN POWER FOR MORE THAN 20% OF 

ANY MONTH. 

(iii)47,500 pw ONE-MINUTE MEAN POWER FOR MORE THAN 

(L/2500) X 0.1% OF ANY MONTH. 

NOTE: THIS THIRD RECOMMENDATION IS TO BE TAKEN AS A 

"PLANNING OBJECTIVE" AS IT IS RECOGNIZED THAT 

THIS IS EXTREMELY DIFFICULT TO MEASURE. 

THE ABOVE ARE BASED ce THE FINDINGS THAT, FOR LOW NOISE 

LEVELS ((i) AND (ii)) OCCURING FOR THE GREATER PERCENTAGE OF THE 

TIME, NOISE POWER TENDS TO BE DIRECTLY PROPORTIONAL TO SYSTEM LENGTH: 

AND THAT FOR HIGH NOISE LEVELS (iii) OCCURING FOR RELATIVELY SHORT 

PERIODS OF TIME THE TOTAL TIME AT A GIVEN NOISE LEVEL TENDS TO BE 

DIRECTLY PROPORTIONAL TO SYSTEM LENGTH. THIS LATTER IS JUSTIFIED 

ON THE GROUNDS THAT DEEP FADES WHICH PRODUCE HIGH NOISE LEVELS ARE 

GENERALLY OF SUCH SHORT DURATION THAT THEY OCCUR FOR VERY SMALL 

PERCENTAGES OF THE TIME AND ARE UNLIKELY TO COINCIDE. 

IT SHOULD BE NOTED THAT: - 

dbp = 10 LOG (PWP) 

pwp = ANTILOG (dbp/10) 

BELL SYSTEM HYPOTHETICAL REFERENCE CIRCUIT 

TRANSMISSION OBJECTIVES FOR BOTH LONG-HAUL AND SHORT-HAUL 

SYSTEMS ARE SUMMARIZED BELOW: 

OBJECTIVE LONG-HAUL SYSTEM . SHORT-HAUL SYSTEM 

Noise 

4000 MILES 

250 MILES 

RELIABILITY 

TOTAL TRO-WAY ANNUAL OUTAGE 	0.02% 

(4000 MILES) 

NOT'APPLICABLE 

2 dbrnco 

0.02 % • 

(250 MILES) 

41 dbrnco 

29 dbrnco 

THE , BELL SYSTEM HYPOTHETICAL REFERENCE CIRCUIT INCLUDES THE 

'MULTIPLEX NOISE. ON THE 4,000 MILES SYSTEM ALLOWANCES ARE MADE FOR 2.)( 

16 MULTIPLEXES. 



P. 150 

REAL CIRCUITS 

A REAL CIRCUIT COVERING DISTANCES SHORTER THAN 4,000 MILES 

SHOULD HAVE A PRORATED RELIABILITY BY USING THE FORMULA: - 

THE NOISE OBJECTIVE FOR A SYSTEM D MILES LONG = 

41 	10 LOG (4000/D) 

EXAMPLE: - A LONGHAUL SYSTEM IS 975 MILES LONG.. FIND THE NOISE 

OBJECTIVE IT SHOULD MEET. 

OBJECTIVE = 41 - 10 LOG (4000/975) 

41 	10 LOG 4,1 = 41 - 6,13 

=. 34.87 arnco. 

WHITE NOISE MEASUREMENTS 

THE MOST COMMON NOISE TEST MADE ON A MICROWAVE SYSTEM IS 

THE WHITE NOISE TEST. THIS TEST IS PERFORMED  BY  CONNECTING :A WHITE' 

NOISE GENERATOR AT THE FIRST TRANSMITTING HOP 0F THE  SYSTEM.  THE 

 WHITE NOISE WILL COVER ALL THE BASEBAND OF A CERTAIN R.F. CHANNEL 

EXCEPT FOR A SINGLE VOICE CHANNEL IN THE BASEBAND WHERE A FILTER 

IS INSERTED AT THE TRANSMIT END. THIS FILTER IS TO ' CLEAIUTHE WHITE 

NOISE IN A PARTICULAR VOICE SLOT. AT THE RECEIVE END OF THE SYSTEM 

A WHITE NOISE.  MEASURING SET IS TUNED TO MEASURE THE AMOUNT OF NOISE 

THAT HAS LEAKED IN THE CLEANED SLOT. THE GRAPHS ON PAGE 135 ARE 

DERIVED FROM SUCH A TEST. THE VARIOUS CHANNEL LOADING IS DERIVED 

BY INSERTING DIFFERENT FILTERS TO CLEAR A SLOT EQUIVALENT TO THE 

120TH, 300TH, 600TH, OR 1200TH BASEBAND CHANNELS. (SEE PAGE 151) 
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• 

• 

BELL SYSTEM STEADY STATE NOISE OBJECTIVE 

AS SHOWN ON PAGE 153 THE APPROACH USED IN DERIVING 

CUSTOMER-TO-CUSTOMER NOISE OBJECTIVE: - 

a) DETERMINE CUSTOMER TOLERANCE OF NOISE BY USE OF 

SUBJECTIVE TESTS. 

h) DETERMINE NOISE PERFORMANCE OF TOLL NETWORK THROUGH 

MEASUREMENT SURVEYS. 

C) BY COMPARING BOTH A AND B THE GRADE OF SERVICE 

BEING RENDERED IS DETERMINED. ACCORDINGLY IF GRADE 

OF SERVICE'IS NOT ADEQUATE, IMPROVEMENTS HAVE TO BE 

• INCORPORATED IN THE NETWORK. 	• 

THE SUBJECTIVE "CUSTOMER TOLERANCE OF NOISE" TEST IS 

DONE BY USING A CERTAIN SET, RECENTLY THE 500, CONSTANT SPEECH 

LEVEL AND VARYING THE STEADY STATE NOISE LEVEL.  THE  SUBJECTS ARE 

ASKED TO RATE THE DIFFERENT CONNECTIONS AS EXCELLENT, GOOD, FAIR, 

POOR AND UNSATISFACTORY. THE RESULTS OF THE TESTS ARE  SHOWN ON 

• PAGE 154. FOR EXAMPLE 507 OF THE SUBJECTS THOUGHT THAT 30 dbrnc 

OF NOISE ON THE 500 SET GAVE AN EXCELLENT CONNECTION, WHILE 90% 

RATED 40 dbrnc FAIR OR BETTER. 	' 

THE NOISE SURVEY OF THE SWITCHED NETWORKWAS DIVIDED 

IN TWO PARTS; CUSTOMER LOOP SURVEY AND TOLL FACILITIES SURVEY 

FROM CLASS 5 OFFICE TO ANOTHER CLASS 5 OFFICE. (FOR MORE DETAILS 

SEE PAGES 155 AND 156). 
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TOTAL NOISE 

38.40 dbrnc 

30.41 dbrnd 

30.25 dbrnc 

.27.02 dbrnc 

24.3 dbrnc 

P. 157 

, 	THE RESULTS OF THE 1964 LOOP. SURVEY ARE SHOWN. ON PAGE 158. 

THIS SURVEY SHOWED THAT 507 OF THE BELL SYSTEM LOOPS CONTRIBUTED 

LESS THAN 5 dbrnc OF NOISE ON THE CUSTOMER CONNECTION, WHILE 90% 

OF THE LOOPS CONTRIBUTED LESS THAN 20 dbrnc. 

THE RESULTS OF THE BELL SYSTEM TOLL FACILITIES SURVEY 

SHOWED THAT FOR ALL DISTANCES 97% OF THE CONNECTIONS WERE GOOD OR 

BETTER WHILE 0.3% WERE POOR OR WORSE (SEE PAGE 159). THE GRAPH ON 

PAGE 159 SHOWS THAT  FOR  MEDIUM DISTANCES 50% OF THE CONNECTIONS WILL 

PRODUCE A NOISE OF 25 dbrnc,FOR THE CUSTOMER. FROM THE SAME GRAPH 

YOU CAN SEE THAT THE PERFORMANCE OF LONG TOLL CONNECTIONS NEED IM-

PROVEMENT, 

NOISE BUDGET ALLOCATION FOR TCTS 

THE NOISE BUDGET IS DEFINED FOR A HYPOTHETICAL CIRCUIT 

4000 MILES LONG ON A MICROWAVE SYSTEM WHICH HAS 16 SECTIONS OF 250 

MILES' EACH. 

ITEM 	QUANTITY 	NOISE PER  UNIT 

T/R BAYS 	140 HOPS 	16094 dbrnc 

R.F. INTERFERENCE 140 HOPS 	8095 dbrnç 

I.F. SWITCHING 	27 SECTIONS 	15094 dbrnd 

FM MODERN 	32 TERMINALS 11.96 dbrnc 

WLEL 	32 RUNS 	9025 dbrric 

32 TERMINALS 	19.53 dbrnc 	35-.3 dbrnc 

TOTAL NOISE OF A 4000 MILES CIRCUIT 	41 	dbrnc 

MUX 
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STATION A 

ANTENNA HEIGHT 100 FT 

10' DISH ANTENNA 

GAIN = 44.5 db 

STATION B 

ANTENNA HEIGHT 200 FT 

10' DISH ANTENNA 

GAIN = 44.5 db 

P. 160 

BECAUSE OF FADING CONDITIONS, FAILURE OF EQUIPMENT, 

MAINTENANCE CONSIDERATIONS, ETC, 	IT IS IMPOSSIBLE TO MAINTAIN 

A 4000 MILES SYSTEM OPERATING WITH A TOTAL NOISE OF 41 dbrnco ALL  

THE TIME. PAGE 161 INDICATES THE NOISE OBJECTIVES THAT SHOULD BE 

MAINTAINED FOR 50%p 98% AND 1007.  OF THE TIME. 

THE NOISE PERFORMANCE OF VARIOUS SYSTEMS COMPARED TO 

THE OBJECTIVES IS GIVEN ON PAGES 162, 163 AND 164. THIS PER-

FORMANCE IS IN TERMS OF WORST CHANNEL ON THAT PARTICULAR CARRIER 

SYSTEM. 

EXAMPLE: - SEE PAGES 165 AND 166 FOR DETAILS. 

THE ONLY ACCEPTABLE PLAN ACCORDING TO THIS EXAMPLE IS 

PLAN C. 

EXAMPLE: - THE FOLLOWING IS THE DESCRIPTION OF A 7GHz SYSTEM 

OPERATING ON A PATH 25 MILES LONG. 

FREE SPACE LOSS = 36.6+ 20 LOG d+ 20 LOG f 

d = 25 MILES f = 7000 MHz 

FREE SPACE LOSS = 36.6+ 20 LOG 25 + 20 LOG 7000 = 141.5 db 

TYPE OF WAVEGUIDE AS IDENTIFIED BY MANUFACTURER (SEE PAGE 167) 

.IS WR112, 

LOSS OF wrau.is 2.75/100 FEET (SEE PAGE 168), 
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GENERAL 	 0 	 • 

Frequency Range 	 7.125 to 7.725 GHz 

Application 	 Medium route 

Capacity . 	 960 FDM voice circuits or television signal 

Repeater Type 	 • 	Heterodyne 

TRANSMITTER 

500 mW nominal 
(input to channel branching filter) 

Waveguido 

IF Characteristics 

Frequency 

Input Level 

Input Impeda.ke 

Return Less, l 10 MHz 

L.O. Fropency Stability 

RECEIVER 

Waveguide •  WR112 . 	 . 

Noise Figure 	 . 	.. 	. 	9 dB nominal . 	. 

RF Input Le 	 . \;e1 	. 	 .... 	 — .36 dBm  nominal  

Squelch Threshold -76 dBm nominal 

	

. 	. 

L.O. Frequency Stability . 	 . 	:t 0.0005% . 

• AGC Range • 	-- ... 	 . 	 40 : dB .. 

IF Charactoristicre 
, 	. 

Frecency • 	 70. MHz 

3 dB Bandwidth 	 35 MHz 

Output Impedance 	 . 	• 	75 ohms, unbalanced 

Output Level 

Output .  Return Loss, :t; 10 MHz 

DROP/INSERT CHARACTERISTICS 

Channel Capacity 	 . Up to 120 FDM voice circuits 

F3aseband Frequency Range 	 . 	. 	60 to 552 kHz 

Input/Output Impedances 	. 	. 	75 ohms, unbalanced 

Input Level 	 —4 5  dBrn nominal (-51 dBm min) 

Output Level (with aux. amplifier) 

Test-Tone Deviation (excl.  pro -emphasis) 

SERVICE CHANNEL CHARACTERISTICS 

.... 300 Hz to 20 kHz 

600 ohms, unbalanced 
- (600 'ohms balanced, optional) 

—3 dBrn nominal 

. 	75 kHz rias  

BRANCI-IMG NE.TWORIC CHARACTERISTICS 

Waveguide „ 	 WR112 .  

Transmit Channels 	 . 	Up to  four..  

Receive Channels 	 Up to four 

Antenna Port VSWR 	 1.07 (with optional Antenna 
Circulator Assembly) 

• 

POWER SUPPLY CHARACTERISTICS 
(-48 V SUPPLY') 

Input Voltage Range 	. 	.... ........ .. —42 to —56 VDC 

Power Consumption 	 800 watts nominal 
(Basic two-way dual channel repeater) 

• * 115 VAC- operation optional 

ENVIRONMENTAL CONDITIONS 

Ambient Temperature 

Operates nviihin specifications 	. 	 0"C to -I-50"C 

Operates with reduced performance . 	—30"C to -I-55"C 

Non-uporational 	 — 54"C to -I- 85"C 

Relative Ilumiclity 	 • 	 • 	' Up to 95% 

Altitude 	 . 	 . ,Up to 15,000 ft ASL 

Shoc:k/Vibration 	 As  encountered in shipment 

Power Output 

70 MHz 

0.3 to 0.5V tins 

75 ohms, unbalanced 

. 30 dB 

• :t• 0.0005% 

• 0.5 V rms nominal 

30 dB 

—20 dBm nominal 

•. 	200 kHz rms 

Frequency Range 

WR112 	Input/Output Impedances 

Input/Output Levels 

Test Tone Deviation 

P.c. 167 

TECHNICAL SUMMARY 

• 
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FREQUENCY IN GIGAHERTZ 

2 3 

Attenuation curves based on: 
VSWR 1.0 
Ambient Temperature 24°C (75°F) 

Conversion Data: 
1 dB/100 feet .= 3.28 dB/100 meters 

11 10 13 12 14 

- Attenuation and Power Rating 
MICROWAVE WAVEGUIDES 

P, 168 

.',: 	, 	.... 	 1 ::• 	.::- i* --.: 	. .4.- 	; 	: 	. 	• 	
- 	. 	.. 

" 	I : 7 	
1. 	. 4.:  

• AVERAGE POWER RATINGS  
., 

HELIAX ELLIPTICAL WAVEGUIDES 	• 	RIGID RECTANGULAR WAVEGUIDES 
Andrew 	. 	Frequency, 	Power, 	Typo 	umbers 	Frequency, 	Poer, 	 ' 	

_. 
• ":_:: 

Typo HO 	 GHz 	kw 	 EIA 	IEC 	GHz 	kw 
N 	 w 	

-- on 	, . 	 ..„... 

EW17 	 2.0 	27.9 	. 	WR430 	R22 	2.0 	22.4 	 -- EW37 	 4.0 	7.3 	WR229 	R40 	4.0 	5.4 	
- 	 • EW44 	 4.7 	3.9 	WR187 	R48 	4.7 	3.1 

EW56 	 6.0 	3.0 	WR159 	R58 	6.0 	2.5 
EW59 	 6.5 	2.5 	WR137 	R70 	6.5 	1.5 •-i.---r. 

EW85 	 9,2 	1.2 	WR112 	R84 	• 9.2 	1.0 	 - 
EW71 	 7.7 	1.7 	WR112 R84 	7.7 	0.9 	: 	- III 
EW107 	 11.2 	0,9 	WR90 	R100 	11.2 	0.6 	 ;.--+ 
EW122 	 12.7 	0.7 	WR75 	R120 	12.7 	0.4 	 • • 

Nota: 	 • 	- 	'  
Ratings based on temperature rise 	RIGID CIRCULAR WAVEGUIDES 	-- • I 	 ' 	•" 	-- 
of 25'C (45°F) with an ambient tom- 	 1 	 --t 

	

- 	-::1 perature of 55°C (130'F) and VSWR 	Type Numbers 	Frequency, 	Power, 	:.:_:.: 	: 	----"-: - 	- 	- 	. 	. 	:-..... 	' 	• 
of 	1.0. 	All 	waveguldes 	shown 	are 	 EIA 	IEC 	Gliz 	•  kw 	 • • 	 -• 
fabricated 	of 	high 	conductivity 	WC205 	C40 	6.5 	8.4 	• ..... 	

• • 	• 	'
.. 	 ... 	.. 

 copper. 	 • 	WC150 	C56 	9.2 	4.2 	
-•- 
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TOTAL WAVEGUIDE LENGTH = 1001- 200 = 300 FT 

TOTAL WAVEGUIDE LOSS • =2.75 X 3 = 8,25 db 

TOTAL LOSS 	= 141.5 + 8025 = 149075 db 

TRANSMIT POWER (SEE PAGE 167) = 500 mw = 10 LOG 500 

.= 27 dbm 

TOTAL ANTENNA GAINS = 44,5+ 44 0 5 = 89 db 

TOTAL GAIN  = 894- 27 = 116 db 

POWER AT THE RECEIVER = 116 .» 149.75 =•-33.75 dbm 

I.F. BANDWIDTH (SEE . PAGE 167) = 35 MHz  

RECEIVER NOISE FIGURE -(SEE PAGE 167) = 9 db 

RECEIVER NOISE LEVEL = -174+ 10 LOG 35,000,000+ 9 

= 89,56 dbm 

RECEIVER THRESHOLD (SEE PAGE 167) = -76 dbm 

CARRIER/NOISE = 	(-89,56) = 55081 db ,  

FADE MARGIN TO THRESHOLD = -33 0 75 	= 42.25 db 

SYSTEM CAPACITY . = 960 V.F. CHANNELS 

HIGHEST BASEBAND FREQUENCY = 4188 KHz  (.CCIR) 

TRANSMITTER PEAK DEVIATION = 4 MHz APPROXIMATELY 

FM IMPROVEMENT 	= 20 LOG C4/4 0 1883  

• = ..20 X .019 = -0.38 db - 

.BANDWIDTH IMPROVEMENT 	= 10 LOG C(I.F.B.W.)/(2 X VF BW)J 

= 10 LOG (35,000/6) 

= 37.66 db 

•PRE.-.EMPHASIS IMPROVEMENT 	= 3,388 db 

•(SEE PAGE 170) 

TOTAL  IMPROVEMENTS 



6.90 

5.25 
1+ 

( en e  
dU 

.7. 5-10 LOG")  

CCIR RECOMMENDATION 275-1 

PAGES 03-08 	(1950-1066) 1 

CCIR EMPHASIS IMPROVEMENT • 
,0 

- 

IN FRONT END THERMAL NO I SE 

CCIR 	i 	• 	SLOT 	FREQUENCIES  

Kl.h.iFIER OF 	FRECUENCY 

Q4dELS 	RANGE (1Q-1z ) 	1 	701(Hz 	534M-tz 	12481(Hz 	243810-1z 	38861(Hz 	5340kHz 

	

300 	60 	-1300 	' 	-3.939 	-2.015 	3.679 	. 	
-  

	

600 	GO 	-2660 	-3.967 	-3.475 	-1.480 	3.280 	. 	.. 

	

960 	60 	-4188 	-3.973 	-3.771 	-2.901 	-0.334 	3.388 

, 	1260 	GO 	-5636 	-3.974 	-3.862 	-3.369 	-1.821 	0.842 	3.568 

TUE  IDEAL PRE—EMPUASIS CHARACTERISTIC IS GIVEN 

gl, 	RY . TUE EXPRESSION: 

DEVIATION (RELATIVE TO 
TEST TONE DEVIATION) (dB) 

fn 	= 1.25 fmAx-------fmAx IS MAXIMUM BASEDAND FREQUENCY 

f 	= IS SLOT FREQUENCY UNDER CONSIDERATION. 
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MULTIPLEX LOADING FACTOR IMPAIRMENT = -13 + 10 LOG (NUMBER OF CHNS.) 

. 	=  -13+10 LOG 960 

. 	= -13 + 29.82 = 16 0 82 db 

OVERALL IMPROVEMENT = 40.668 - 16.82= 23.848 db 

SIGNAL/NOISE = CARRIER/NOISE+ OVERALL IMPROVEMENT 

• •= 55.81+ 23,85 = 79.66 db 

CHANNEL THERMAL NOISE = 88 - 79.66 = 8,34 dbrnc 

INTERMODULATION NOISE GIVEN BY MANUFACTURER = 8„3 dbrnc ,  

TOTAL  RADIO  NOISE = 8,34 AND 8.3 dbrnc = 11,3 dbrnc. 

• 




