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[Abstract]

In order to design M/W(microwave) short backhaul above 10 GHz to meet the increase in mobile traffic demand, the rain
attenuation as well as the atmospheric conditions such as Earth bulge and Fresnel zone should be considered. In this paper, the
path lengths have been estimated theoretically in various frequency bands using the Korean standard rain rate, and an example of
path profile has been analyzed in urban area utilizing spectrum management intelligence system (SMIS). These derived minimum
path lengths in various frequency bands are compared to the foreign them, and then will be proposed to improve the Korean
minimum path length unitized to 10 km. This paper will provide useful information for microwave engineers in designing a M/W
access link, and be utilized to make an efficient usage of high frequency bands for the short mobile broadband backhaul.
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Fig. 2. American FS growth in high bands.
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Table 1. Rain rate in Daejeon area.

% of Time Rain
Rate Exceeded 0.01 0.05 0.1 0.5 1.0
Measured  Rain | gy o5 | 4168 | 28.65 | 13.42 | 6.25
Rate in mm/h
ITU-R P.837 50.70 | 22.30 | 14.20 | 4.70 2.80
E2. MW 8 o
Table 2. Example of M/W Specifications.

Frequency h.f.?::;l;:? Rx Threshold Tx and Rx
Band [GHz] Power [dBm] [dBm] Gains [dBi]
1.7 28 34
15.2 24 36

- 65
18.7 20 38
23.2 18 40
T T T T T T e
\"—t___—‘)\ ’/—‘_’I\-’
T4 Writdtia (::: Rx Antenna
:I) —.' @ Gl
L Aw Ag Ay —L[‘
< dim I
P, RSL

J8 3. XA m/w ZA[8]
Fig. 3. Terrestrial M/W link.
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EAREATAE 2 Db = IJAAT, 1 = BEDAH AT,
d = ZAZ2delo|tlg]. i 19 Foi7l =] T S
A Ao A ] Sk ITU-ROIA Al g-ahs 2497 wrT)
ks HolaL glom, o] F 7HA] A& vlaLste] B E o]

A= aRl  roo.d 4
0.01 E).()l 0.01 ( ) _L-jé_ 7:]])‘\_]_'6']'9114'
AR o)E TepdElR Sto] 11/15/18/22 GHz thSolA] 2]
o 1- - -
A7, AR A & T A, ()3 A% o]-8519] Faded RSL 73} 2974 71L& 7513
t} 11/15/18/22 GHz tH&ol| A ITU-R 23} =) 5= 7974 =
Toor = 1/(1+ d/dy) (%) o] 2%} Faded RSL %% Rxry 2 Rxw @ 749744 44S1 Ay R
3 356’U~U|5Rmn }%.01 < 100mm/h § AM ./] 7]—7]—0] 7:]_!},.__ A 3~ _TJL_6Oﬂ L]—E]—LHO']T;]— (ﬂ7]/§'1 /\HZ]?:S‘
b= \g5e 158 Ry, > 100mm/h 6 e 50 71% e 2946k Faded RSL 2 LiERAILE
E 3. 11 GHz tijede| Z=Z2Z0|
Table 3. Path length in 11 GHz band.
Freq. Tx Gt, Gr Path Length FSL A A R Rx Threshold
[GHz] | [dBml | [dBi] [km] [dB] - - M x [dBm]
1 113.8 1.96 3.40 -19.78 -21.21
2 119.8 3.71 6.24 —27.54 -30.08
3 123.4 5.28 8.65 -32.63 -36.01
4 125.9 6.69 10.73 -36.55 -40.58
"7 28 34 5 127.8 7.97 12.53 -39.76 -44.32 65
6 129.4 9.14 14.11 -42 .51 -47.49
7 130.7 10.20 15.50 —44 .92 -50.22
8 131.9 11.18 16.75 -47.06 -52.62
E 4. 15 GHz tiede| Z=Z2Z0|
Table 4. Path length in 15 GHz band.
Freq. Tx Gt, Gr Path Length FSL A A Rx Rx Threshold
[GHz] | [dBm] [dBi] [km] [dB] m M m M [dBm]
1 116.1 3.47 5.76 -23.56 -25.85
2 1221 6.57 10.58 -32.68 -36.69
3 125.6 9.35 14.67 -38.98 -44 .30
4 128.1 11.85 18.19 -43.98 -50.32
15.2 24 36 5 130.1 1412 21.24 -48.18 -55.31 65
6 131.7 16.18 23.92 -51.83 -59.57
7 133.0 18.07 26.29 -55.06 -63.28
8 134.2 19.81 28.40 -57.96 -66.55
E 5. 18 GHz tfjede] Z=2Z0|
Table 5. Path length in 18 GHz band.
Freq. Tx Gt, Gr Path Length FSL A A Rx Rx Threshold
[GHz] | [dBm] [dBi] [km] [dB] m M m M [dBm]
1 117.9 4.66 7.58 -26.55 -29.47
2 123.9 8.82 13.92 -36.73 -41.83
3 127.4 12.54 19.30 -43.97 -50.73
4 129.9 15.90 23.93 -49.83 -57.86
18.7 20 38 5 131.9 18.95 27.95 -54.81 -63.81 65
6 133.5 21.72 31.47 -59.17 -68.92
7 134.8 24.26 34.59 -63.04 -73.38
8 135.9 26.58 37.36 -66.53 =77.31
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E 6. 22 GHz thde| Z=Zo|
Table 6. Path length in 22 GHz band.
Freq. Tx Gt, Gr Path Length FSL Threshold
[GHz] | [dBm] | [dBi] [km] [dB] Amy Au Rxiru Rxm [dBm]
1 119.8 6.68 10.55 —28.44 -32.31
2 125.8 12.64 19.38 -40.42 -47.16
3 129.3 17.98 26.88 -49.28 -58.18
4 131.8 22.79 33.32 -56.59 -67.12
23.2 18 40 5 133.7 27.16 38.91 -62.90 -74.65 65
6 135.3 31.13 43.82 -68.45 -81.14
7 136.7 34.77 48.16 -73.43 -86.82
8 137.8 38.10 52.02 =77.92 -91.84
7. M/W 3 Zd=Z0| 3-2 A Hx|
Table 7. M/W link path length.
= KR & - -
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Fig. 4. Example of M/W transceiver locations.
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Fig. 5. Example of path profile on Daejeon area.
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E 8. M/W H3 AZZ0|[km]
Table 8. Comparison of minimum path length [km].

Frequenc!
g y GB Australia us Korea
[GHz]
1.350 ~ 1.517 30.0
3.600 ~ 4.200 24.5
5.925 ~ 7.125 16.0 20.0 17.0
7.425 ~ 7.900 15.5
12.75 ~ 15.35 9.50 5.0 5.0 13.0
17.70 ~ 283.60 4.0
24.50 ~ 26.80 3.0 2.0 N/A
37.00 ~ 39.50 1.0

SZHE] o= = U)ol wel 8 GHz ©|she] W
o= FH A HEZLo]E 155 km oS 2 12 ~ 16 GHz 5
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