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Estimation of Py Multipath Occurrence Factor in Latvia
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Multipath fading invents

Multipath events are observed with daily and
seasonal cycles, when atmospheric stratification is more
likely to happen. They are more frequent with strong
evaporation (high temperature and humidity), absence of
wind, and flat terrain. During multipath propagation
events, the Rx signal level varies very fast (See Drawing
1). It may be almost cancelled, for short periods (fraction
of a second, or few seconds). A multipath activity period
can last some minutes or even one hour or more (Fig. 1).
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Fig. 1. Radio link

Multipath activity depends on: environmental conditions
and on environmental conditions and radio link parameters.
Particularly in tropical climates, long multipath events can
be observed.

Multipath fading statistic

When the Rx signal is produced by a large number of
components (vectors with random phases), then the Rx
power level is variable, with Rayleigh statistics (Fig. 2).
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The Probability of having a fade depth A (dB)
greater than a given depth A, is (Rayleigh formula):

/10 .
P id> Ay} =Py x10%/10; (1)

where Py Multipath Occurrence Factor. It is a
measure of the multipath activity in a radio hop.

How to know P,?

Operating Hop: P, is estimated by monitoring the
Rx Power and by processing the measured data.

Hop under Design : P, is predicted by empirical
propagation models.

Multipath occurrence factor

The Multipath Occurrence Factor Py depends on:
1. Frequency;
2. Hop length;
3. Climatic conditions;
4. Terrain.

Po can be predicted using empirical formulas,
proposed by ITU-R and by operating companies or
research labs. A general formula is :

Py =KxOxF4xIl ; )
where : F = Frequency; L = Hop Length; K = Geo-
climatic Coefficient; Q = Terrain Coefficient; a and
b —factors to account for regional effect based on
empirical data

The Frequency Exponent is close to unity. This
means that the fading activity "in a given hop is
proportional to the frequency (at 11 GHz is
approximately twice than at 5.5 GHz).

The Distance Exponent is in the range 3 - 3.6.
This means that the fading activity , for a given
frequency, climate, and terrain, is increased about ten
times if the hop length is doubled.

Multipath occurrence factor examples

6 GHz hop: According to the prediction models, Py
expected in the ranges: Linear scaling to other
frequencies: 3 GHz - divide by 2 the Po values computed
for the 6 GHz hop.

12 GHz - multiply for 2 Po values computed for the
6 GHz hop



Table 1. Range of P, multipath activity factor in

30 km 50 km 65 km
Dry climate, mountains 0,01-0,05 | 0,05-0,2| 0,12—-0,5
Temperate clim., average 0,05-0,12 | 0,2-0,6 | 0,5-1,5
terrain
Tropical, humid clim.] 0,15-04 | 0,8—2,0 | 1,8—4,5
average terrain
Tropical, humid clim., wet| 0,4 —2,0 2,0-10 5,0-20
terrain

How to use P, predictions, for examp.: Py = 1
>Fade Depth > 30 dB for 2600 seconds / one month.

Any Fade Depth : divide seconds by ten for 10 dB
deeper fade (e.g. Py = 1 -» Fade Depth > 40 dB for 260
seconds / one month). Other Po values : linear scaling
(number of seconds proportional to Po).

New prediction methods

ITU-R recommendation P.530 gives a new method
for calculating the fading occurrence factor for the worst
month. No path profile is required for this method, but a
general classification of the path type gives a more
accurate prediction.

The methods are derived from fading data on paths
with lengths in the range 7-95 km, frequency range 2 — 37
GHz, path inclinations for the range 0 — 24 mrad, and
grazing angles in range 1 — 12 mrad.

Checks using several other sets of data for paths up to
237 km in length and frequencies as low as 500 MHz,
suggest however, that it is valid for larger ranges of path
length and frequency.

The results of semi-empirical analysis indicate that
the lower frequency limit of wvalidity is inversely
proportional to path length. A rough estimation of this
lower frequency limit, f,;,, can be obtained from.

Srin=15/d[GHz].

The outage probability (in percent) for the worst
month is given by: Py, =P x107"/" and the fading
occurrence factor is:

PO :de3'6 Xf0’89X(1+Ep)7L4 . (3)

where K — geoclimatic factor; d — path length (km); f—
frequency (GHz); E,=[h; — h]/d — path inclination
[milirad]; /4,; h, — antenna heights above mean sea level

The geoclimatic factor may be estimated for the
average worst month from fading data. In absence of such
data empirical relations must be used based on the type of
path.

Practical observations and conclusion

As was mentioned above research was done for the
twenty microwave hops during the year. All hops have
working frequency 7/8 GHz and length between 40 and 60
km. In result we got 0,03% percent of time when fading
value was more than microwave link feed margin.

There are two-conclusion outcome from that result.

1) Space diversity technique shall be used building
7/8 GHz hops which lengths is more than 40 km.

2) The feed margin on existing hops shall be
increased up to 45 dB or radial network topology shall be
used.

3) In case of microwave links upgrade for capacity
extension the microwave systems with modern
equalization technique shall be used.

During the observation period we notice that there is
significant increase in the hourly standard deviation of fade
in the morning hours during the summer season. This is
clear indication of high multipath activity.

Table 2. The time interwals when receiving signal was below threshold (-80 dBm) see in:

HOP name PCM |Jun July August [September |October [November [December |January [February
Baltel Olaine 18 0:00:24 |- 0:06:07

Olaine Apsupe 14 0:43:23 0:01:33 |0:00:58

[Apsupe Biksti 21 0:23:34 2:02:11 ]0:16:40 1:23:21 0:00:44 0:01:30
Biksti_Saldus 13 0:12:43 0:04:23  |0:00:58 0:42:36
Saldus_Kalvene 13 0:23:54 0:04:23 10:00:58 0:42:36

Kalvene Liepaja 22 0:29:11 [3:04:02 ]0:02:10 0:00:25  ]0:06:20 0:02:08

Baltel Sloka 19 0:24:56 0:00:47

Sloka Tukums 20 0:17:19 0:00:32

Tukums Kamparkalns 21 0:12:32 0:00:57

Kamparkalns Ugale |18 0:00:22

Ugale Ventspils 1 0:00:01 0:01:52

Ugale Ventspils 23 0:08:32

Skirotava Kegums 8 0:07:56 0:03:38 [1:00:42

Kegums Skriveri 9 0:13:25 0:05:47

Skriveri_Selpils 2 0:02:32

Selpils Jersika 4 0:01:35

Jersika Svente 13 0:22:15 0:05:00 0:00:23

Svente Kraslava 21 0:01:18
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Kaip zinoma, mikrobangy perdavimo linijose signalas gali smarkiai nykti, dél to gali padaugéti klaidy ar net visai nutriikti duomeny
perdavimas. Tai atsitinka tada, kai priimamas signalas susideda i§ didelio skai¢iaus komponenty (skirtingos fazés vektoriy), kai Rx
signalo galias kinta pagal Reléjaus statistikos désni. Tikimyb¢, kad nykimo dydis A (dB) bus didesnis uz nustatytaji A (pagal Rel¢jaus
formulg) yra Py {A>Ay}=P,10"*,/"’. Tai yra ,,multipath” aktyvumo matas radijo perdavimo linijoje. Yra dvi P, jvertinimo galimybeés:
matuojant ir apdorojant Rx galia bei panaudojant empirini bangy sklidimo modeli. Analizuojamas pirmasis buidas. Tam tikslui per
vienerius metus buvo surinkti ir apdoroti matavimo duomenys i§ 20 mikrobangy linijy. Apskaiciuotas Po dydis Latvijai. Jis gali bati
panaudotas mikrobangéms linijoms planuoti ir leis gerokai padidinti Siy liniju pateikiamuma. Il. 2, bibl. 9 (angly kalba, santraukos
lietuviy, angly ir rusy k.).
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As we know microwave transmission can be affected by deep fading, which can cause bit errors or even transmission loss. It
happened when the Rx (receiving) signal is produced by a large number of components (vectors with random phases), then the Rx
power level is variable with Rayleigh statistics. The Probability of having a fade depth A (dB) greater than a given depth A, is
(Rayleight formula) Py, {A>A}=Py10¢"’; Py Multipath Occurrence factor. It is measure of multipath activity in radio hop. How to
know P,? There are two possibilities: Py can be estimated by monitoring the Rx Power and by processing measured data and P, can be
predicted by empirical propagation model. We had chosen first possibility. We collected data from twenty microwave hops during the
year. As a result we practically find Py value for Latvia, which can be taken into account during microwave hop planning and will let
engineers to decrease microwave transmission interruption time. I11. 2, bibl. 9 (in English, summaries in Lithuanian, English, Russian).
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Kak MbI 3HaeM, nepenada nHGOpMALNU O PATHOPENCHHON TMHUN MOXET OBITh HAapyIIEHa B CBS3H C TIyOOKMMH 3aMHpaHUSIMH
CHTHaJIa, KOTOPBIE MOTYT BBI3bIBATh OLUIMOKH MU JaXKe TEPEPHIBBI Mepeaun HHPOPMAIMHA. JTO MPOUCXOAUT KOTJa MPHEMHBIN CHTHAT
CKJIaJIBIBACTCS 3 MHOYKECTBA KOMIIOHEHTOB (T.€. BEKTOPOB C Pa3IMYHON (a30i M aMILTUTYI0M), TOITOMY NPUEMHBINA CHTHAJT BAPbUPYET
B COOTBETCTBHHU CO CTATHCTHUYECKOI MOJENbI0 pactpenencaus Penes. BeposTHOCTh mosiBIIeHHS 3aMupaHust TyouHoH A (nb) Oosnbieit
4eM JlaHHas BelquuuHa A, (1b) onpenensercs no gpopmyie Py, {A>A0}=P010'A0/10; rae Py — BeposSTHOCTh MOSIBJIICHUS MHOTOJIy4€BOT'O
pacnpoctpanenus. OH onpeaensieT BEpOsITHOCTh BOSHUKHOBEHUS 3aTyXaHus onpeaeaéHHoi Bennunnbl. Kak onpenenurts Benuuuny Py?
CyILecTBYIOT IB€ BO3MOXHOCTHU: Py MOXKHO ompenenuTs myTéM HaOMIOAEHHUS YPOBHSA MPUEMHOrO CUTHANA U 00pabOTKU pe3ysIbTaToB
n3MepeHus wii Py MoxkeT OBITh MOJCYMTAH UCIONB3YS SMIMPUYECKYI0 MOJENb paclpoCTpaHeHus. Mbl BRIOpany mepBblii MeToA. MBI
coOHpali TaHHBIE ¢ OBAANATH PaJHOpesICHHBIX NPOJETOB B TEUCHUH rofa. B pe3ynbraTe MBI MpakTHYEeCKH HANUIM 3HaueHHe Py mist
JlaTBum, naHHAs BETMYMHA MOXCET OBITH HCIIONB30BaHA TPH MPOSKTHPOBAHHU PATHOPEICHHBIX JIMHUN M TO3BOJHUT CHHU3HUTH BPEMs
npepbiBaHus nepenayn. M. 2, 6ubi. 9 (Ha aHMIHIACKOM SI3BIKE; pedepaThl Ha TUTOBCKOM, aHTIIMIICKOM U PyCCKOM 513.).

92



