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Background. UMTS networks which belong to 3G standard help to solve the problem of mobility of different
types of devices such as: POS-terminals, smartphones, sensors. Networks of this type have enough channel capacity.
However, quality of radio coverage has sufficient impact on these networks. Installation of radio repeaters may be a
solution to the problem of coverage quality along with proper planning of the placement of base stations. However,
when using radio repeaters, enough attention should be paid to determining their power, type and parameters of
antenna equipment, proper installation, since ignoring this can lead to interference and poor quality of service for
subscribers of this cell.

Objective. The purpose of this article is providing the method and practical recommendations concerning
calculations of the energetic parameters of the radio repeaters in order to avoid interference in mobile networks.

Methods. Study known publications and standards concerning UMTS radio subsystem. Based on the
requirements for receiving signal level at the receiver input of the base station and using statistical Okumura-Hata
model concerning the signal attenuation in the different environments, calculate requirements for Equivalent
Isotropic Radiated Power (EIRP).

Results. Tables with EIRP requirements for urban, suburban and rural conditions depending on distance to base
station.

Conclusions. Methods of research and results may be used during the project process, installation and under
operation process of radio repeater in mobile networks.

Keywords: UMTS; radio repeater; EIRP; statistical Okumura-Hata model; base station.

Nowadays UMTS network is actively
used to provide a variety of user needs from
voice calls up to access to Internet services.
Since connecting subscribers to the network
occurs through electromagnetic waves the
quality of services mostly depends on the
power flux density at points of reception.
Ensuring adequate power flux density is a
significant problem especially in wurban
environments. High-rise buildings made of
reinforced  concrete  dense  buildings
significantly weakens the signals from both
base stations (BS) and from the subscriber
terminals. Other building materials can also
reduce the signal strength of the cellular
base station. Older buildings such as
churches often block cellular signals. Any
building that has a significant thickness of
concrete walls and ceilings or a large
amount of metal used for its construction
will attenuate the signal. In such conditions
there are even places of "gap" in the radio
coverage and radio shadow areas where it
becomes impossible to obtain the services of

a mobile operator. In suburban and rural
areas various types of interference affect the
quality of the radio access network to a
lesser extent. However, in such areas the
deployment of a dense base stations network
is economically impractical due to the low
density of subscribers. In this case the
signals from the BS overcome a significant
path to the subscriber significantly losing
their power in free space, forests
overcoming the natural landforms. In all
three cases (urban, suburban and rural) the
simplest and most cost-effective method of
locally improving the radio coverage of a
cellular network is to use radio repeaters. A
radio repeater is a bidirectional amplifier of
mobile signals (the first direction is from the
subscriber to the base station; the second
direction is from the base station to the
subscriber). Devices of this type in contrast
to the subscriber terminal do not have
automatic power control by commands from
the base station. This circumstance leads to
the fact that the signal power at the input of
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the BS from the radio repeater can be very
high and thus cause deterioration of signal
reception of subscriber terminals due to the
appearance of combinational components in
the nonlinear radio path of BS and reduce its
gain due to automatic control system.
Therefore, to eliminate the negative impact
of the radio repeater on the operation of the
cellular network is to ensure the level of its
signal at the input of the base station within
the signal average level from the subscriber
equipment. Repeaters can be installed at
different distances from the base station
(from hundreds of meters if the subscribers
are located in highly "shielded" rooms and
up to 10-15 kilometers if the subscribers are
in rural areas). Hence there is the problem of
determining the optimal power settings radio
repeater. The energy parameters that affect
the signal level at the input of the BS which
is the power of the transmitter and the gain
of its antenna are often combined into one
parameter - the equivalent isotropic radiated
power (EIRP).
EIRP dBm = Prx +G

where: Ptrx — power of transmitter; G —
gain of the antenna.

Resolving this issue is important because
the correct settings of radio repeater can
significantly = improve mobile network
coverage without specifying any obstacles in
the mobile network.

The requirements for the EIRP of the
radio repeater can be calculated as follows:

EIRP =V,.gstoaon—Gss [dBm]
where: Vips- sensitivity of receiver of
the base station; ooy — radio signal
attenuation factor calculated over Okamura-
Hata propagation model [1]; Ggs-gain of the
base station antenna.

The statistical propagation model of
Okumura-Hata  provides formulas for
calculating the attenuation coefficient of the
radio signal for three main types of terrain:
urban, suburban and rural. This model is
used to determine the signal loss from
subscriber equipment on the path of radio
waves. Because a radio repeater is a device
for amplifying signals from subscriber
devices this model can be used to determine
the propagation loss of radiation from a
radio repeater. The formula for calculating
the attenuation for the city is as follows:

aOHC = 6955 + 26 16log f —
13 82log hbs — a(hms) +
(449 — 6 55loghbs)logR [dB]

where: f-operational frequency band of
radio waves; hps-altitude of the base station
antenna; /Ams-altitude of mobile station; R-
distance to the serving base station; a(hms)-
correctional index of mobile station antenna
altitude if it differences of standard equal to
1.5 meters [2].

In turn the correction factor a (hms) is
used only to calculate the distribution losses
in the city. For a city of medium size (up to
100 thousand population) it is calculated by
the following ratio:

a(hms) = (11 1logf — 0 7)hms —
(156logf — 08) [dB].

The calculation of the adjustment factor
when calculating the losses in a large city
(population over 100 thousand people) is
carried out according to the formula:

a(hms) = 3 2(log 11 75hms)? — 4 97
[dB].

The variables in the above formulas are
identical to the variables in the formula for
calculating distribution losses in the city.
Distribution losses in the suburbs are
calculated as:

aOHS = aOHC — 2log (L)Z —54

28
[dB]

where: aOHC-propagation loss
calculated for city.

Distribution losses in rural areas are
determined by the following ratio:

aOHR = aOHC — 4 78(log f)? +
18 33log f — 40 94 [dB]

where: aOHC-propagation loss
calculated for city.

The calculation of EIRP will be
performed for three types of base stations
according to their range in accordance with
the specification ITU-R M.1801-2 [3]: local
(up to 1000 meters); medium (from 1000 to
5000 meters); large (from 5 000 to 15 000
meters). Base stations of local range are
deployed mainly in cities; middle - in the
suburbs; large - mainly in rural areas.

To further perform the calculation of the
EIRP of the radio repeater it is necessary to
determine such a parameter as the data rate
between the subscriber equipment and the
base station. For access to such services as
web surfing, data transfer in messengers,
video streaming a speed should not be less
than 1 Mbps. Specification ITU-R M.1801-2
determines the reference sensitivity for the
voice traffic transmission using AMR
codecs at a transmission rate of 12.2 kbps.
Sensitivities parameters are given in table. 1.
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Table 1. Sensitivity of the BS receiver when transmitting voice traffic
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BS type in according to range Standard channel throughput, kbps Standard sensitivity, dBm
Large 12.2 kbps -121
Middle 12.2 kbps -111
Local 12.2 kbps -107

In data transmission mode sensitivity
level should be higher for 10*log(B/12.2),

where B- data transmission speed in kbps. 2.
Hence for data transmission speed 1 Mbps

(1000 kbps) sensitivity level should be

higher for: 101g(1000/12 2) =19 dB.

Information about sensitivity level of BS
receiver for speed 1 Mbps are given in Table

Table 2. The sensitivity of the BS receiver for transmitting data speed 1 Mbps

BS type in according to range Standard channel throughput, kbps Standard sensitivity, dBm
Large 1000 kbps -102
Middle 1000 kbps -92
Local 1000 kbps -88

Modern base stations are equipped with
antennas with a gain of 18-20 dB. To
calculate the EIRP the gain of the BS
antenna 19 dB is used. Calculation results

for different types of area and corresponding

requirements for EIRP of

Table 3. Requirements for EIRP radio are repeated for city:

radio repeaters are given in tables 3...5.
Distance step size for local base stations was
chosen taking into account high density

Table 4. Requirements for EIRP radio repeater for suburbs:

between BS in cities.
R [Meters] | aOHC[dB] EIRP[dBm]
100 95 -12
200 108 1
300 115 8
400 121 14
500 125 18
600 129 22
700 131 24
800 134 27
900 136 29
1000 138 31
R [Meters] aOHS [dB] EIRP [dBm]
1000 126 15
1500 134 23
2000 139 28
2500 143 32
3000 147 36
3500 150 39
4000 152 41
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4500 154 43
5000 156 45

Table 5. Requirements for EIRP radio repeater for rural areas:

R [Meters] 0OHR [dB] | EIRP [dBm]
5000 136 15
5500 138 17
6000 139 18
6500 141 20
7000 142 21
7500 144 23
8000 145 24
8500 146 25
9000 147 26
9500 148 27
10000 149 28
10500 150 29
11000 151 30
11500 152 31
12000 153 32
12500 153 32
13000 154 33
13500 155 34
14000 156 35
14500 156 35
15000 157 36

If the calculations show that the EIRP of
the repeater radio is higher than the EIRP
which can be achieved even with the use of
non-directional antennas it is necessary to
use attenuators with appropriate attenuation.
Attenuators are installed at the output of the
transmitter. When choosing an attenuator
should take into account the amount of
attenuation of the signal in the feeder to the
donor antenna as well as the allowable
dissipated power of the attenuator. If it is not
possible to provide the required EIRP using
a non-directional antenna it is necessary to
install a directional antenna with a gain
sufficient to achieve a given EIRP. In this
case it is also necessary to take into account
the losses in the feeder path between the
radio repeater and the donor antenna.

Conclusions
The given approaches and results of
calculations of radio repeater EIRP can
be used for radio repeaters practical
application in mobile networks in order
to avoid the interferences.
The recommendations given in the
article are universal for all types of radio
repeaters.
In any cases it is necessary to carry out
testing after installation of the radio
repeater to be sure if interferences are
absent.
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Uepxau A.M., Ckpaoin C.A., Hockoe B.1.
Pexomenpanii moxo BUOGOPy eHepreTHYHMUX apaMeTpiB pajlio NOBTOPIOBaYiB JJIsl Mepek MOOIILHOTO
3B SI3KY

IIpo6aemaruxa. Mepexi UMTS, mo minnamatote nig cranaapt 3G, A0OMOMararTh BUPINIYBAaTH NPOOeMy
MOOITBHOCTI PI3HOTO POAY MPHUCTPOIB: OAHKIBCHKHUX TEepMiHANIIB, cMapT(OHIB, AAaTYUKIB. Mepexi TaHOro TUITY
BOJIOAIIOTH JOCTaTHHOIO KaHAIBHOIO €MHicTIO. OpHaK, iCTOTHHH BIUIMB Ha HaJaHHS sKicHUX nocayr B UMTS-
Mepekax Mae€ SKICTh paJiio HOKpUTTsA. BupimeHHsM IpoOIeMH SIKOCTI TTOKPUTTSI, TTOPSI 13 SIKICHUM TUIaHyBaHHSIM
po3mimenHss 0a30BUX CTaHIIH, € 3aCTOCYBaHHsI palio MOBTOproBadiB. OJHAK CIIJ HNPUIUIATH JOCTATHBOI yBaru
BHU3HAYEHHIO TXHBOI MOTY>XHOCTI, THIy Ta MHapaMeTpiB aHTEHHOTO OOJIaJHAaHHS, MPaBHIbHIA yCTaHOBI, aJpKe
HEXTYBaHHS LIMMH JIISIMH MO’KE NPHU3BOJMUTU IO 3aBaJ Ta IOTIPLICHHS SIKOCTI O0OCIyrOBYyBaHHsI pelITH aOOHEHTIB
JIaHOT'O CTUILHHKA.

MeTta pociaigkeHb. MeToro 1aHOT CTATTI € HaJlaHHS METOJIMKH Ta MPAKTUYHUX PEKOMEHIallii 00 PO3PaxyHKY
CHEePTreTHYHUX IMapaMeTpiB paaio MOBTOPIOBAYiB, IO 3a0e3MEYyIOTh BIJICYTHICTH CTBOPEHHSI 3aBajJ B MOOUIBHIN
Mepexi.

Metoauka peadqizanii. AHami3 BiZoMux myOmikamiid Ta CTaHOApTIB, MNPHUCBIYEHUX IPUHLOMUIIAM pPOOOTH
paaiomniACUCTEMH MOOUTLHOTO 3B’s13ky. Ha OCHOBI BiJIOMHX BHUMOT [0 PIBHIB CUTHAJIIB Ha BXO/I1 IpuiiMada 6a30BO1
cTaHIii Ta 3 BUKOPUCTAHHSIM CTAaTHCTHUYHOI Moneni Oxamypa—XaTa BiJIHOCHO 3racaHb CHUTHAIY B PI3HUX YMOBaX
PO3ITOBCIOHKEHHST PO3PaXOBYIOThCSI BUMOTH JI0 ©KBIBaJIGHTHOI 130TPOIHO BUMpoMiHioBaHOT moTykHocTi (EIBIT)
pazio oBTOprOBaya.

PesyabTratn mociaimkennb. TaOmuii 3Hauenb morpibuHoi EIBIT mnns ymoB Micta, mepenmicTs Ta CiIIbCHKOT
MICIIEBOCTI B 3aJICKHOCTI BiJI BiZicTaHEH 10 O0a30BOI CTaHIII].

BucHoBkM. MeToauKa JOCIIKEHb Ta OJEpKaHl pe3ysibTaTH MOXYTh OYyTH BHKOpPHCTaHI y Mporeci
IIPOCKTYBaHHsI, BCTAHOBJICHHS Ta SKCIUIyaTallii pajio MOBTOPIOBAYiB B MEpeKax MOOIIBHOTO 3B’ SI3KY.

Kurouosi cioBa: UMTS; panio nosroprosau; EIBII; cratuctuuna monens Okamypa-Xara; 0a3oBa CTaHILis.

Hepkau A.H., Ckpaoun C.A., Hockoe B.U.
PexoMeHIalMy OTHOCHUTEJIHLHO BbIOOpPa ?JHEPreTHYECKHUX MMAPAMETPOB PaJU0 MOBTOPUTEN JJIsl ceTeil
MOOMJILHOM CBAA3ZH

IIpobaemaruka. Ceru UMTS, koTopble COOTBETCTBYIOT crTanHiaptry 3G, NOMOrarmT peuarb Ipodiemy
MOOMJIBHOCTH Pa3HOr0 pPoJia YCTPOMCTB: OAHKOBCKHUX TEPMHHAJIOB, cMapTGOHOB, HaTdukoB. CEeTH NaHHOTO THIIA
BJIAJICIOT JOCTATOYHON KaHaJIbHOU eMKOCThI0. O/1HAKO, CYIIECTBEHHOE BIMUSHUE Ha NPEJOCTaBJIEHUE KaU€CTBEHHBIX
yeayr B UMTS-ceTsix MMeEeT KadecTBO IIOKPBITHS. PemieHueM mpoOJjeMbl KadecTBa IIOKPBITHSL Hapsity 3
IIPaBWIBHBIM IUIAHUPOBAHUEM pa3MelIeHUs] Oa30BBIX CTAHIUN SIBJISETCS HCHOJIB30BaHHUE PAJUO ITOBTOPHUTEIICH.
OpHako, MPHU KCIOJB30BAHUU PAJHO MOBTOPUTEINICH CIlenyeT yAensATh JOCTAaTOYHO BHUMAHUS OIIPENICIICHUIO MX
MOIIIHOCTH, THITY U IIapaMeTPOB aHTEHHOro 00Opy/I0BaHUs, IPAaBWILHON yCTaHOBKE, TaK KaK UTHOPUPOBAHHUE 3TOTO
MO>KET MPUBECTH K ITOMEXaM M yXyAIICHHUIO KauecTBa 0OCITyKUBAaHUs a00OHEHTOB JaHHOM COTBI.

Hear wucciaenoBanmii. llenpro MaHHON CTaThbU SABISIETCA MNPEIOCTABIEHUE METOJWMKH W MPAKTHYECKHUX
pEeKOMEHAAIUNi MO pacueTy SHEPreTUYECKUX I1apaMeTpoB paguo IMOBTOPUTENEH, IPU KOTOPBIX OOECHEYUBACTCS
OTCYTCTBHE CO3/IaHUs IIOMEX B MOOMJILHOM CeTH.

MeToauka peajau3aluu. AHAJIN3 U3BECTHBIX IMyOJMKAUMNA U CTaHAAPTOB, MOCBSIIEHHBIX MPUHIMUIIAM pabOThI
paauoriogcucTeM MOOMIBHOM cBsi3K. Ha ocHOBE M3BECTHBIX TPeOOBAHUM K YPOBHSIM CUTHAJIOB Ha BXOJ€ IPUEMHHKA
0a30BOIi CTAHIIMU U C UCHOJIBL30BAaHUEM CTATUCTHYECKOU Mozienn Okamypa—XaTa OTHOCUTENIBHO 3aTyXaHUsl CUTHAJIa
B Pa3HBIX YCJIOBMAX PACIPOCTPAHEHMs] PACCUMTBHIBAIOTCA TPeOOBaHUS K SKBUBAJICHTHOW H30TPOITHO H3JTydaeMON
momHoctu (OMMM) panmno noBTOpUTEIS.

Pe3yabTarsl ucciaenoBanmii. TaOnumpl 3HadeHuit tpebyemoit DUNMM s ycinoBuid ropoja, mpuropoia |
CEJIbCKOW MECTHOCTH B 3aBUCUMOCTH OT PACCTOSIHUI 10 0a30BOI CTAHIIUH.

BeiBoabl. MeTonka HMCCIEAOBAaHWI W TOJIyHYEHHbIE PE3yJIbTaThl MOTYT OBITh HCHOJB30BaHbI B IIpoOliecce
IIPOEKTUPOBAHMUS, YCTAaHOBKH M SKCIUTyaTallMM pajdo MOBTOPUTEIICH B CETSIX MOOMIILHOM CBSI3H.

KiroueBsble caosa: UMTS; paguo nosropurens; DMMM; cratuctuueckas monaens Oxamypa-Xarta; OazoBast
CTaHIIMA.





