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A Study on Transmission Quality and Frequency Movement
for Digital Microwave Link Design
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Abstract

Recently to introduce new services of ultra-high speed wireless access and systems beyond the 3rd generation
mobile communication, 5 GHz band has been highly interested. As a way of getting the required frequency, it
is considered that microwave relay bands below 6 GHz, which shows a slow decrease in demand and less
cost-effectiveness, should be moved to other bands above 6 GHz. In this paper, as a tool for analyzing microwave
link design and its service quality, the outage prediction based upon Vigants & Barnett's model is reviewed. To
show outage and availability calculation, simulations are performed for the operating 4 GHz radio sites, and some
results and features regarding frequency movement to 6.7 as well as 8 GHz are also discussed in terms of diversity
techniques, bit error rate, and availability. As the results, it is confirmed that only the diversity techniques of space
or space and frequency can satisfy the annual objective of availability irrespective of frequency movement.
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Fig. 2. Signatures with and without space diversity.
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Table 1. Channel center frequency of 4 GHz band.

AdE | SAEA) [ AENE | FAEAD)
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Table 2. MDR-4304 system features of each site.
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Fig. 3. Path profile between A and B sites.
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4 2|(dBm)
424 33
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DFM 46
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EIFM 50
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Table 4. Antenna and waveguide characteristics.
T ey ol HAE ey

AZh|BFA|A=4|B A
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=g dojm)| 50 50 40 40
Zag &£4dB) 139 1.39 1.11 1.11
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otk o]=(dB) 426 | 426 | 426 | 426
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Table 5. TFM calculation between A and B sites.
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® HH o] S(dB) 06 | 426
© =9 2olm) 500 | 500
@=s# £4(dB), 277dBN00m)| 139 | 139
® Stacking £3(dB) 10 | 10
® Radome £4(dB) 0.5 0.5
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Table 6. Annual two-way outage and availability.

s 2 7H-&

73 2AE

A% ASEL 2 FA5 o B 47

E 7MW 339 g Foe
Table 7. M/W system and its used frequency.
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D‘;v 10°° | 1,458.15, 99.99537940 BE Fu5(MHz) 6,425 7,725
Tl 1077 | LA61.61, 99.99536843 4 F54(MHz) 6,775 8,000
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2way : -7
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Table 8. Antenna and waveguide characteristics
for 6.7 and 8 GHz.

el ATE]
. Z oy} an
6.7 GHz | 8 GHz [6.7 GHz| 8 GHz
EWP-64 |[EWP-77 EWP-64 (EWP-77

ERd 5

E93 Z¢](m) 50 50 40 40
Tutd £2(dB) | 2.51 288 | 201 23
QML 27 UHX | UHX | UHX | UHX
ok} =7)(ft) 15 15 15 15

e o] 5(dB) | 468 48.6 46.8 48.6
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E 9. 67 2 8 GHzel ¥ TFM At
Table 9. TFM calculation for 6.7 and 8.0 GHz.

T & 6.7 GHz 8 GHz
ARE7E £4(dB) 145.30 146.75
F EnpA(dB) 2.00 2.00
% ¢4(dB) 156.32 158.51
Z o] E(dB) 93.60 97.20
AR 7A2£4(dB) 62.72 61.32
$417] £34%(dBm) +33.00 +33.00
AN 9 H(dBm) -29.72 -28.31
A5 3HA 9 H(dB) -68.50/ -68.50/
@107*/10"° BER -66.50 ~66.50
#Hol=ulz (dB) 38.78/ 40.19/
@107%/10"° BER 36.78 38.19
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BER 107 7]%90.2 Bell 749 EX 8715 ¢
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Table 10. Annual two-way outage for 6.7 and
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Dy, | 107 BER | 1,965.48| 1,889.13
" | 1077 BER | 1970.15| 1,893.61
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Outage Be_li Lab. 31.90
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(sec) | JTUR (10_7 BER) 3430
ITU-R (10”7 BER) 685.85
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E 11. 6.7 2 8.0 GHzo| thgh of whak Wzt 7188
Table 11. Annual two-way availability for 6.7
and 8.0 GHz.

6.7 GHz 8 GHz
1073 BER [99.99687849199.99699975

g?\? 107® BER {99.99377177(99.99401372

" 11077 BER [99.99375698/99.99399950

Freq. 10:: BER [99.99972374(99.99957906

Annual | piy. 10 ° BER [99.99944879{99.99916011

2way 1077 BER [99.99944748(99.99915811
Avail. | gpace 10 BER |99.99996984(99.99998243
%) | piv 107 BER [99.99984882/99.99991195

* 1077 BER [99.99939672/99.99964864

Space | 1073 BER [99.99999790/99.99999818
& Freq.| 107° BER [99.99998949|99.99999090
Div. [10-7 BER [99.99995806(99.99996370

Avail. [Bell Lab. (10°* BER 99.99989884
Object. | TTU-R (10™* BER) 99.99989123
") [ TU-R (1077 BER 99.99782518

EgxRc 202 HLo| Brlsith Aoz T
7 GolMAE BE T 37 3 FIg tolEA
Eo TLYHE FE4FOEH EFANYG A2 B
7VE NS M F YTk

AW E 1NE 1094 ALY 275
A (1)g o}43l 7H4-&E EAF Aot ol
o 4= 9l%e] BER 107 7]%9] o] & S9 Bell &
T £80] 99.99989884 % o]tk wabA|
GHz #Ax 2] ujtholw| A€ 9} Fut
E 44 52 HES UEA
7 golwAE g% e Fo
& E8otd S8 5R M-S
s ¢ F

18
=

=

7VE %

e
X o

iy

I~

off chet v&

Fur7t oA E AGE7 S4o| S8R
2 6 GHz W% F3l4+E 6 GHz o)A 2.2 oA 3}
E AL AF3 AE/ Qs 9A AF E9
AAE AF29 BIFA T AS F945E o)A
sugte FZho|HAES Fot ThoWAEE
HAS AN R &S WEske AlR
AEFAG AT P43 Aoyt o AAAAY ¢

£ #7440 24Fc] wste o, ojdo @& A%



HAE vlo]A2 4R

< B AT FANEE F7|7ho) A
A AR ASE 9 AYHo o dt

6 GHz ©|4 o2 o|d& A%, AAT A9 7t
& 34 9 74 GHz 9] 248 A 9sa
6.7 GHz ™% ¢ 8 GHz t < w}oj §ich 1319 6.7
GHz 92 P5822, 8 GHz g2 FAg A
$40F go] AL Qo] 7IE FX A 1A
H“gol FeEn @9 W 2T $AS

%9l 3.5 GHz @ 5 GHz |9 & EAld] 44
¥, 6 GHz o] gl Fu4 BE ZA= o
7yt Z4spo] A wEN R F34E o
7Bt 384 % gAE B HEdE= Ao
B A st B3 gt 9] FA] o] HE e 372
S FXE ASS T8 9AF F70) FR3r)
I AAAH, ol gt JF A4S A shd ot
«3 2

® 6 GHz W%t Fujg AMS-77H

@ T Aged g

@ FIH5 old W 7+ AF

@ Fur ZHEA 4 e Y

® U6 GHz, 8 GHz tjd 714 g 2RA}

® FFA 5 uA AeY AE

@AY 4, 48 % 23 #4

l=°

S
z
il
=
o]
=

o

.L‘.,__‘r‘iﬂl“,oﬂ,_\f_l.

V.28 &
B =FAe MW 23 AAANY 871 A7+
< 933 Vigants & Bamett 292 &g 2
HAES Y, £829 4 GHz MW %4 338 *d%ﬂ
gto] Fobr o) tidt 7HEE A AL EA
IHAE 5& B AT A4 oehw
o 2 AES dg F Uk
AH, 4 GHz A& 6.7 == 8.0 GHz tiejoz
o]ds= AS BER 107° 7130 @ ch}omw
ol Fyg E}O]WA]E]«] e A7 FHe g2
F3#4(99.9998 %)E TEAFNA it
g Fo5 goHAHE B8
e BRAE VEeE A0E Ueyn
%fm Eﬂ% AAAAY BAH Qa7
2 Y & Yt AFE wyE

c

do 3

oh‘. ol l"

it
-
5

=

=
131_

=

=
EE
ol
3}A
il
=z

33 4AE AP ASFE % Fog odd g 47
7, 6 GHz °|39] A2 MW A%

p1s)
o
¢ ol,,),

Z2OH FAYY F45E AYH o o)A
T AT FOF 2R S wE HHEA 82
2 7He Fur BE 5o ‘Q/‘(EGH:} A ok
oldx Hyste h&F FAZ Mol Ao
A= FEA 39 oA && ZJEE g3t

ZOE ANE BAEE ol43to ol g
A9 71gd g3, A4EL 2 BAN Y F
of &&o] 7b53d, Yozt MW Sk A4le] &
&42 A7 4 o]gel 7]9E F & A2E oA
At

oot

i

Ho
et

[1] 948, 34, “98o A%Ae 528 AL
Wobst 32 ol - sholaRAY Y 2 B4
A2RY Foe ARH AHE FHoR 2
BEEANYA, 13(18), B4 2873, pp. 1-13,

2001 104,
2] AEBAR, 200295 Avpds A 23} A
o, NEnS23k3 #2002 12¢€.

(B3] FAHHD, MW FA A & Fup4 o] &
R 99, BIA, 20023 3€.

M7, “dAd MW AR 9 7H8-& A4t
g ASFZ g 2&, 20029 % FA vho]
Azw 9 AW =E3, 251), pp.
599-602, 20023 5.

[5) W. D. Rummler, "A new selective fading

(4

—_—

model: Application to propagation data", Bell
Sys. Tech. J.(BSTJ), vol. 58, no. 5, pp. 1037-
1071, May-June 1979.

[6] L. J. Greenstein, M. Shafi, "Outage calculation
method for microwave digital radio", /EEE Com.
Mag., vol. 25, no. 2, pp. 30-39, Feb. 1987.

[71 A. A. R. Townsend, Digital line-of-sight radio
links: A handbook, Prentice Hall Internation-
al(UK), 1988.

[8] W. T. Barnett, "Multipath propagation at 4, 6,
and 11 GHz", BSTJ, vol. 51, no. 2. pp. 321-
361, Feb. 1972.

[9]1 A. Vigants, "Space-diversity engineering”, BST/,

497



BETHKPERNE B 14% $E55 20035 58

vol. 54, no. 1, pp. 103-142, Jan. 1975.

{10] W. D. Rummler, "A comparison of calculated
and observed performance of digital radio in
the presence of interference", IEEE Trans. on.
Commun., vol. COM-30, no. 7, pp. 1693-1700,
July 1982,

[11] D. Beaufort, P. W. Hawkins, K. Leuenberger, J.
Meyer, L. Ordano, G. D. Richman and M.
Sylvain, "Certification of radio performance
prediction models in ETSI", 3rd European
Conference on Radio Relay System (ECRR), pp.
337-342, 1991.

{12] G. Sebald, B. Lankl and J. A. Nossek,
"Advanced time -and frequency- domain adaptive
equalization in multilevel QAM digital radio
systems", [EEE J. Sel. Areas Comm., vol.

1983 29 Audsty WA
7 (38

19883 2¢: =asriad A7)
2 AAFEH (344D

19913 84: s=7871ed A7
9 A3 (FEEAD

198313 19~1998 109: 4434

A AT
19993 3¢9 ~8A: Al gy AXHE IR Ay s
3 7y
[F HAEOH FHEAALY A o 584, vfola
i 1)

j=}
TR
23 3g, HEx 3 37

498

SAC-5, no. 3, pp. 448-456, April 1987.

[13] MAE, “OAY 74 2EFAY T2 rholy]
A" vles A9 IF 594 23719 A
A7, ARSI =EA, 36(4), pp. 296-
305, 19994,

[14] W. D. Rummler, "A simplified method for the
laboratory determination of multipath outage of
digital radios in the presence of the thermal
noise", IEEE Trans. Commun., vol. COM-30,
no. 3, pp. 487-494, Mar. 1982.

[15} "Addendum to requirements and objectives for
4, 6, and 11 GHz digital radio systems",
Belicore TA-TSY-000236, Issue 2, pp. 1-40,
July 1986.

[16] NEC, Digital microwave radio technical infor-
mation on NEC' MDR, Japan, 1993.



