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Abstract—The results of investigation of basic trends and promising of development for the mobile
backhaul are provided. On the basis of performed theoretical estimations, computations and physical si-
mulation it is designed a THz band radio communication channel with the possibility of building super

high-rate (over 1 Gbps) backhauls.
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I. INTRODUCTION

Today the prevailing vision of the main trends and
prospects of development of distribution transport
networks (Mobile backhaul) [1] — [4] shows that the
transition to ultra-high speed HSPA + networks and
4G/LTE they often become a “weak link” of the

network infrastructure.

The results of investigation of basic trends and
prospects for the mobile backhaul development [1] —
[3] demonstrate that at going to high-rate HSPA+ and
4G/LTE networks they often turn out to be a “weak
link” in the network infrastructure. As it is known [2],
a classic mobile backhaul network used by a mobile
communication operator consists of two main seg-
ments:

— the backhaul connecting base stations with the
controllers and mobile switching centers (MSC);

— the backbone providing for the high-rate trans-
port between the switching centers.

Under the conditions of fast traffic of mobile data
transmission and development of the 4G/LTE net-
works, typical data transmission rates for which are
up to 1 Gbps and more, there occurs upgrading of the
mobile backhaul networks by means of both an im-
plementation of high-rate radio relay links and the
using of advanced technologies for provision of
communication links to base stations. In particular,
there occurs a going from traditional TDM-channels
to the separated Ethernet channels that allows a more
efficient use of the mobile backhaul throughput
bandwidth and provides for the possibility of further
network development (for example, implementation
of the HSPA + LTE technologies [4]. At that, transi-
tion from the channel switching technologies (TDM)
to the package switching technologies (Carrier
Ethernet, IP/MPLS) is the basic technological trend

in the process of domination of data traffic after a
short while wireless communication would dominate
at the market of telecommunication services [6] —[9].

Due to active deployment of the networks the
market of microwave band telecommunication
equipment will grow as well — both in the segment of
microcells and in the small cells segments. We shall
discuss the opportunities provided by various wire-
less backhaul technologies, which include wireless
backhaul networks without the line-of-sight (NLOS),
line-of-sight (LOS) point-to-point (PTP), microwave
band, millimeter-wave band backhaul networks as
well as the LOS point-to-point (PTP) THz wave band
networks.

II. TENDENCIES OF MOBILE BACKHAUL
DEVELOPMENT

The 4G LTE standard [5] was developed in order
to provide the users of smartphones based on 3GPP
LTE releases 7 or 8 with the access having average
data transmission rates of 30 Mbps and the peak rates
— of up to 100 Mbps. The new devices, which are
being developed presently, possess a potential for a
theoretical increase of mobile data transmission rates
up to 1 Gbps on the basis of the characteristics in-
cluded into the most recent LTE releases, like 3GPP,
release 12.

Considering that dimensions of the cell are limited
by the values of attainable power, the operators
would be forced to increase the number of cells,
which would have still less and less dimensions,
known as microcells or picocells. The present-day
average throughput rate of the backhaul is of 35 Mbps
per a cell. To comply with the increasing volumes of
transmitted mobile data, the throughput rate, as it is
shown in Fig. 1, must be increased to 1 Gbps per a
cell during the next five years only.
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Fig. 1. Strategy of increasing of the backhaul throughput
rate with evolution of access networks from
3G/HSPA+ to LTE-A

It means that there exists a demand in high density
of base stations (connected with the backbone net-
work via communication channels possessing a broad
throughput bandwidth) and the necessity of their free
positioning. By now, this requirement set to the
backhaul has been satisfied by means of combination
of the optic fiber and the currently being licensed
wireless microwave ‘point-to-point’ (P2P) links,
using the selected domains of spectrum within the
bandwidth of up to 40 GHz. The present wireless
systems without the line-of-sight (NLOS) lower than
6 GHz and the 60/80 GHz line-of-sight systems
(LOS) cannot provide for the required throughput
rateat an affordable price, and high costs of commu-
nication in the subject to licensing bandwidths acts
practically everywhere worldwide as a powerful
economic brake for deployment of the P2P tele-
communication lines. Highly efficient optic fiber is
capable of providing an ideal communication in the
backhaul, but it is often non-affordable in the places
where small cells are necessary. Besides, laying of
optic fiber requires performance of costly construc-
tion works, which are hardly possible to accomplish
at an attempt to expand the network in accordance
with the new demands from the customer. The
60 GHz band, typical operation range of which is
normally limited to 1 km approximately [14], pos-
sesses certain possibilities of deploying of the back-
haul network with the help of repeated use of fre-
quencies and simultaneous solution of a number of
other technological problems.

Wireless point-to-point backhaul links are widely
applied for transmission of information to the base
stations of macrocells especially in those points
where optic fiber is not available. These systems are
normally operating within the spectrum of 6 GHz to
80 GHz. They require strict compliance with the

line-of-sight conditions between the transceivers of
two nodes. In practice, it means that 60 % of the first
Fresnel zone is free from obstacles. For higher fre-
quency bandwidths this zone would be less (thus, it
can be assumed that the zone dimension determined
for a low frequency band would be acceptable for
higher frequency bandwidths as well). It means that
in most cases using of the above bandwidths allows
decreasing the costs of licensing that forms a good
base for economic feasibility of the project of creat-
ing a backhaul network for a small cell service. We
also consider the solutions for millimeter waves at the
frequency of 60 GHz, which operate within a
non-licensable band because they are well suitable,
first of all, for finding solutions to the backhaul
networks servicing the networks formed on the basis
of small cells. From the point of view of economic
feasibility the principal difference between the mi-
crowave solutions and the solutions for millimeter
waves covers the price of spectrum, equipment costs
and the difference in the time spent for assembly and
on-site tuning. There are several practical issues that
might increase the costs significantly, if they are not
considered at the preliminary stage of the project (for
example, the necessity of higher rigidity of the sup-
ports in the case of application of the millimeter wave
backhaul networks due to a small width of the beam).
Considering that microwave and millimeter wave
PTP systems require the line-of-sight conditions for
their operation, there might occur certain difficulties
at realization of communication between the small
cell base station location and the transmitter module
positioned in the point of aggregation with the base
network. This is a very important problem exerting a
direct influence upon economic feasibility of the
project.

As a rule, PTP microwave systems operate within
the bandwidth of 7 to 42 GHz with the radio channel
throughput bandwidth of 7 to 56 MHz in the FDD
(frequency duplex) mode. Various countries apply
different licensing procedures with any and all forms of
the correlation between such procedures. In addition to
the operation bandwidth they include the channel
throughput bandwidth, the path length, the radio link
readiness and the data transmission rate. In the case
with the backhaul networks servicing small cells it is
expected that for the cases of using microwave PTP
systems they would operate in the high frequency
bands, the typical license fees for which are less costly
than those applied for low frequency bands.

The necessity of selection of high-frequency
bands is stipulated by the fact that antenna dimen-
sions would be less in them, and the antennas could
be positioned lower (a serious public resistance can
be expected if large-dimension antennas are installed
at low heights in the urban area).
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During propagation within the 60 GHz band the
radio waves are subject to a strong attenuation due to
absorption in the atmosphere (in particular, by the
atmospheric oxygen), the value of which is of the
order of 15 dB per a kilometer (compare with the
absorption in the atmosphere within the bands lower
han 6 GHz, which is less than 0.01 dB per a kilome-
ter). For that reason, in most countries the 60 GHz
band is not licensable, and, as a rule, the bandwidth of
up to 7 GHz (57-63 GHz) is accessible in it.

Thus, the price of the spectrum for solutions in the
60 GHz band can be excluded from estimations of the
deployment costs.

During recently the USA and some European
countries have passed new regulations, under which
it is permitted increasing of the maximally allowable
level of power for the devices operating outside of the
premises in the 60 GHz band. Having higher power
wireless devices are capable of providing for opera-
tion of broadband wireless telecommunication sys-
tems for the ranges of up to 1.5 km at the data
transmission rates of up to 7 Gbps that would allow
refusing in most cases of application of additional
wire means or providing for the opportunity of fur-
ther use of the existing wire means with insufficient
throughput value supplementing them with the
wireless solutions.

III. THZ BAND RADIO COMMUNICATION CHANNEL
FOR SUPER HIGH-RATE BACKHAUL NETWORKS

The Main objective of this paper is to investigate
the possibility of using a terahertz radio communica-
tion channel for super high-rate backhaul networks
by means of creating a transceiver for the radio relay
system in 130-134 GHz frequency bandwidth.

When calculating the necessary bandwidth and
throughput B; radio channels using concatenated
coding and taking into account the rounding should
be used following the main settlement ratio:

B, = Rinf'Rrsa
H = FEC-log, M’

where Ry, is a data transfer rate digital stream from
the source (data rate) (Mbit/s); M is a number of
levels of manipulation, which is used for data trans-
mission; R, is a rate increase through the use of
coding Reed-Solomon; 1/FEC is a rate increase
through the use of convolutional coding; o is a mag-
nification (selected in the range 1.15-1.35 depending
on the transmission standard) as compared to the
band occupied by the band signal transmission
without distortion.

Using of a THz frequency as the carrier frequency
is one of the most promising ways for realization of
the Gigabyte radio communication link [10]-[12],
[15]-[17], because the throughput of the radio

communication link, as it is shown in Fig. 2, is in-
creasing with the increase of the accessible frequency

bandwidth of the signal.
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Fig. 2. Correlation between the carrier frequency
and the transmission rate in wireless networks

A relatively strong attenuation in the atmosphere
caused by rain and resonant absorption by the mo-
lecules of water and oxygen is a particular feature of
terahertz waves. That is why they do not fit for the
purposes of close-range radio communication. The
communication range is estimated in the THz band
by several kilometers due to the restrictions imposed
by the output power of the transmitter and the re-
ceiver sensitivity. At the same time, the possibility of
transmission of a large volume of data per a unit of
time might allow, in particular, a multiplex trans-
mission of non-compressed TV signals with high
resolution. These facts indicate on prospects of using
the terahertz band for deployment of local telecom-
munication systems possessing high throughput. In
particular, the Japanese experts created a radio relay
line in the 120 GHz band that provides for data
transmission at the rate of 10 Gbps to the range of
over 800 m [4].

On the basis of computer and physical simulation
of functional nodes of the telecommunication system
it was designed an analog part of the transceiver, the
block diagram of which is provided in Fig. 3.
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Fig. 3. Block-diagram of the transceiver
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The block diagram contains:

— the transmitting channel including: input inter-
mediate frequency amplifier (IFA), up-frequency
converter and the output band-pass filter (BPF);

— the receiving channel including: input BPF,
mixer and output IFA.

High-frequency (HF) circuits of the transmitter
and receiver ducts operate within the 127-133 GHz
frequency bandwidth. The intermediate frequency
(IF) circuits operate within the 1-2 GHz band.

Using of a common local oscillator for the trans-
mitter and receiver ducts is a specific feature of the
system. At that, the transmitter and receiver ducts are
operating at different side bands of frequency con-
verters. High-frequency BPF provide for separation
of ducts from each other and from the second har-
monic of the heterodyne.

Frequency converters and namely — the transmit-
ter mixer and the receiver up converter are of iden-
tical circuits and design. However, they are different
in terms of the signal propagation directions accord-
ing to their functional use. It was selected the
sub-harmonic circuitry of the converters that allowed
using of the local oscillator with the frequency, which
is by two times lower than that of the standard con-
verter. This selection substantially facilitated the
problem of building of the heterodyne circuit that is
especially important at such high operation frequen-
cies.

At the selected local oscillator frequency fhet = 64.8
GHz the radio communication channel frequencies
would lie within the bandwidths of f= 2 fhet & FIF, that
makes 130.6-131.6 GHz and 127.6-128.6 GHz.

The GaAs Shottky barrier diodes are applied as the
mixing diodes. The diodes possess the zero-shift barrier
capacitance of Cj0 = (8...12) fF and the serial loss
impedance of Rloss = (6...8) Ohm. Frameless structure
with beam-lead contacts is convenient for embedding of
the diodes into the integral circuit of converters.

The measured conversion losses were 12 dB both
in the mixer and in the up converter; in doing so the
required heterodyne power was not exceeding 15 mW.

The circuit using a highly stable setting quartz
oscillator with a subsequent chain of multiplying and
amplifying stages was selected among various op-
tions for building of the local oscillator circuit. This
structure of the heterodyne circuit is characterized by
a minimal number of parasite harmonics and com-
binational frequencies and is much more
cost-efficient as compared to the circuit with a fre-
quency synthesizer. The 100 MHz Crystek Crystals
quartz oscillator with the level of phase noises not
higher than -143 dB at the offset from the central
frequency by 1 kHz was used as the setting oscillator.
The setting oscillator parameters are primarily de-

termining the frequency stability and phase noises in
the local oscillator.

In addition to the multiplier and amplifier func-
tions the output part of the heterodyne circuit is also
performing splitting of the local oscillator signal for
two channels. The measured output power levels of
the local oscillator for the transmitter and receiver
ducts amounted to 15...20 mW.

The septum-filters, which are the most suitable for
the terahertz band from the points of view of selec-
tivity and low losses, were developed as the BPF.

Development of separate functional nodes of the
transmitter and receiver duct of the terahertz band
radio relay system allowed performing design and
manufacturing of all of the analog part of the tran-
sceiver.

Structurally the transceiver is manufactured as a
single unit including all of the developed nodes.
Modular manufacturing of the nodes provides for a
compactness of the entire device, convenience of its
assembly and mounting. Reliable operation of the
transceiver is secured by maximal use of microwave
integral microchips in the structure.

The throughput frequency characteristic of the
transmitter and receiver duct was measured by means
of supplying a calibrated IF band signal from the
sweep oscillator to the transmitter input with ob-
serving of the above signal from the transmitter
output on the screen of the panoramic measuring unit
indicator. At that, the high frequency output of the
transmitter was coupled with the receiver input by a
section of the waveguide. Those measurements al-
lowed determining the transmitter output power that
amounted to minus 10 dBm. A substantial im-
provement of the transceiver energy characteristics
can be attained by using of the high frequency am-
plifiers shown with dash lines in the block diagram.

The designed THz band telecommunication sys-
tem using the WiGig equipment based on the IEEE
802.11ad standard [5, 13]. is capable of transmitting
the data at the rate of 1 to 7 Gbps via a radio channel
with the width of 2 GHz by means of a flexible
combination of modulation modes (bipositional
phase shift-keying or BPSK, quadrature phase
shift-keying or QPSK, 16-position quadrature am-
plitude modulation or 16QAM and 64-position qua-
drature amplitude modulation or 64QAM), access-
modes (a single carrier or orthogonal frequen-
cy-division multiplexing — OFDM), and the method
of preliminary encoding of signals using the
low-density parity-check code (LDPC).

These modes are selected automatically while
entering into the operation. For the purpose of com-
parison, the backhaul link with a typical throughput
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rate less than 1 Gbps servicing the base station of a
small LTE cell may normally use the modulation of a
relatively low level like QPSK, with the help of which it
is possible to transmit at the rate of over 2 Gbps. It is
more reliable than the modulations of a higher level (up
to 1024 QAM) used in the backhaul modems operating
in the systems with narrow microwave channel and
possesses the potential to increase the data transmission
rate by implementing higher order modulation methods
in its future versions.

But during the time when WiGig with the QPSK
modulation providing for the rate of up to 2 Gbps is
used for development of backhaul telecommunica-
tion lines, it will be required a certain flexibility at
planning of the commercial data transmission rate
and operation range.

Another option for increasing of the throughput
value is in increasing of the radio communication line
budget at the expense of decreasing the throughput
bandwidth of the channel. For example, each de-
creasing of the throughput bandwidth of the channel
by two times improves the receiver sensitivity by 3
dB (Fig. 4).
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Fig. 4. Block diagram of variation of the backhaul tele-
communication link range at 60 GHz under the ideal and
real urban conditions at the assumption that the maximal
equivalent isotropically radiated power = 40 dBm (FCC

15.255), telecommunication link readiness = 99,99 %;
SC modem 802.11ad Wi-Fi QPSK; 20% load and 1:1 full
duplex data flow

Here the block-diagram provides the measurement
results for a full duplex telecommunication link with the
throughput of up to 1000 Mbps at the power levels
equal to a half and a quarter of the initial one in order to
demonstrate what a compromise in the ratio between
the range and data transmission rate is possible at dif-
ferent values of attenuation in the rain. A flexible
forming of the main frequency bandwidth allows scal-
ing of the channel throughput bandwidth permitting
increasing of the range and couple with any option of
the scenario provided by the operator.

The value of throughput within the 130-134 GHz

frequency bandwidth as the function of the channel
width and the type of modulation is provided in Table.

POTENTIALITY OF THE PROPOSED

TELECOMMUNICATION LINK
Modulation mode Throughput bandwidth, MHz Throughput rate, Mbps

QPSK 500 1000

1000 2000

16QAM 500 2000

1000 4000

32QAM 500 2500

1000 5000

64QAM 500 3000

1000 6000

G4QAM with 355 1200
multiplexing*

*Here: The group signal of the direct link in the
2.172-2.527 GHz band is fed to the transmitter unit (fre-
quency converter) that transfers it to the 130.000-130.355
GHz frequency bandwidth.

The backhaul signals of the 133.500-133.855 GHz
bandwidth are received and transferred by the receiver
converter to the 2.172-2.527 GHz bandwidth.

An experimental sample of the transceiver for the
130 GHz band digital radio relay system capable of
providing for transmission and reception of digital
data at the rate of up to 1.5 Gbps at the radio commu-
nication range within the limits of up to 1 km is de-
veloped for the first time. This type of a wireless tel-
ecommunication system can be efficiently used for
provision of a temporary radio access; in particular, it
could be the key component of restoring the commu-
nication after a failure in an emergency case, when
optic fiber networks cannot operate due to the failure.

IV. CONCLUSION

Ever increasing requirements to base stations of
the access networks in terms of their throughput
characteristics that results from a sharp growth of
user traffic observed during recently cause a similar
increase of the requirements to capacitance charac-
teristics of backhaul networks. Decreasing of the cell
dimensions in the access network with subsequent
complication of the backhaul network used for their
servicing is another consequence of the traffic in-
crease. Multiple base stations of small cells have to
be connected to the backbone network with the help
of the deployed and highly efficient backhaul net-
work. In this conditions the area of backhaul network
operation in urban area with a high density of posi-
tioning of the subscribers could even become
somewhat less (for instance, to 1.5 km) while total
data transmission rate has to be increased up to sev-
eral Gbps.

The preliminary estimate performed for the fore-
casted quality of the communication channel within
the 130—134 GHz band based on the obtained results
of attainable parameters in the transceiving former of
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the super high-rate data flow and in the linear tran-
sceiver tract, demonstrated the opportunity of high-Q
(the error probability is within the limits of 10-6) data
transmission to the range of 1...2 km under the real
conditions.

Limitation of the communication range in the te-
rahertz band is stipulated primarily by an insufficient
output power of the transmitter and by insufficient
sensitivity of the receiver.

There are determined two basic approaches to
creation of backhaul networks for HetNet:

1. Using in the backhaul networks of the mobile
wireless network equipment of the most recent re-
leases (for example, LTE-A and Wi-Fi 802.11ac)
operating under the NLOS conditions.

2. Using in the backhaul networks of the milli-
meter wave and THz band equipment to develop the
802.11ad standard (60/80 GHz), operating in the LOS
mode.

A new market outlooks for the industry are
opened and we have all the reasons to expect that
acceptable in terms of the price chip sets and finished
modules, on the basis of which there could be created
cost-efficient backhaul network suitable for servicing
of the heterogeneous networks, would be suggested
in the nearest future.

As for the industry the perspectives of a new
market are opening, we may expect that in the near
future we will be offered chipsets of acceptable price
and complete blocks in the unlicensed THz-band of
frequency range, on the basis of which efficient
backhaul networks can be created and which are
suitable for servicing the ultra-high speed (more than
1 Gbit /sec) distribution transport networks.
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T. H. Haputnuk, Aai A6naana Ioparim Inpic, Ocama Typa6i. Mo:kJInBoOCTI 3acTOCyBaHHS paaiokaHATIB 3B’ 13Ky
TeparepuoBoOro Aiana3oHy /sl CyNepIIBHAKICHOI PO3NOALIBHUX Mepesk

HaBeneHo pe3ysibraTH MOCHTIDKEHHS OCHOBHMX TEHJEHIIH Ta INEPCIEKTHUB PO3BUTKY PO3MOAUIBHUX TPAHCHOPTHHUX
Mmepex (Mobile backhaul). Ha mifcraBi mpoBezieHHX TEOPETHYHHUX PO3PaXyHKIB, KOMII IOTEPHOrO Ta (hi3UUHOTrO Mojie-
JIIOBaHHS CIIPOEKTOBAHHUN pajiioKaHaN 3B 53Ky TEPareproBOro Jiana3oHy 3 MOXKJIHMBICTIO 3aCTOCYBaHHS Ul IOOYI0BU
cynepmBuakicHoi (Oinbire 1 I'0iT / ¢) po3noaiIbHIX MEpEeK.

Karoudogi ciioBa: TepareprioBuii iana3oH; po3noaiibHi TpancnopTHi Mepexi (Mobile backhaul); nponyckna 31aTHICTS;
HaamBuakicHi cucremu 38’ 3Ky (U-WB Communacatioons); pamiokaHas 3B’ SI3KY.

Haputnuk Teomop Muxoaaiiouy. Kanauaar TexHiyHux Hayk. AkajeMik YkpaiHCbkoi akanemii Hayk. [TpoBimHuit
HAYKOBUH CHIBPOOITHUK.

HaykoBo-gocnianuii inctutyt TenekomyHikaniiaux cucreM HTYY «KI1l», Kui, Ykpaina.

Ocgita: H/I «IcTox», Mocksa, Pocist (1978)

HamnpsiMok HaykoBOI AisZIBHOCTi: MIKPOXBMJIBOBI TBEpPJOTIJIbHI MPUCTPOI, pamiopeneiiHi Ta CymyTHUKOBI CHCTEMH, Te-
JIEKOMYHIKaliliHI CUCTEMH TepareplioBOro Jiana3oHy, MIKPOXBHIBOBI 1HTErpoBaHi TejiepanioiHpopMaliliHi cucteMu
MYJIBTHCEPBICHOTO Paiio AOCTYITY.

Kinpkicts myomikamii: 259.

E-mail: director@mitris.com

PoGouwnii reneon +038 - 044-407-65-47, mobOinpHMIA Tenedon +038-067-444-07-47
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Adni Adpanaa Ioparim Inpic. Kanmunar texniyaux Hayk. JlOIEHT.

OmaypmaHcbkuii Icnamepkuit YHiBepeutet, M. Xaptym, Cynan

Ocsita: OMaypmancekuii Icnamcbkuii YHiBepeuret, M. XapTyMm, Cynan

HampsiMmok HaykoBoOi JisutbHOCTI: 1M(poBI MeToan (OpMyBaHHS Ta OOpOOJICHHS CHUTHAIIB, KOMIT FOTEPHI MPHCTPOI,
CHCTEMH Ta MEPEKi, HEHPOHHI MEpexi.

Kinpkicts myoOmikarii: 13.

E-mail: abdallaalil01@hotmail.com

PoGountii eneon +249187529274, moOinbhuii Tenedpon +249112579963

Ocama Typa6i. Kaununar Texniuanx Hayk. Crapiimii HayKoBUi CHIBPOOITHUK.

CII «IucturyT enexrponiku i 38°s3ky Y AHHII», KuiB, Ykpaina.

Ocsirta: HanionanbsHuit aBiamiiinuii yHiBepcuter, Kuis, Ykpaina, (2012).

HamnpsiMok HaykoBOI IisUTBHOCTI: TEJIEKOMYHIKaLiiHI PUCTPOI, CUCTEMH Ta Mepexi, 00poOka iHpopMarlii HaiioHaIEHOT
iH(popMaIiifHO-KOMyHIKaliiHOI iH}ppacTpykTypH, aHTeHHI cucteMu. HelipoHHi Mepexi.

Kinpkicts myomikamii: 15.

E-mail: osama@turabi.net

Cryx608Bwuii Tenedon +380 407 65 47, mobinbauit Tenedon +038 093 9 700 700

T. H. HapbiTHuk, Aau A6xasia Uoparum Unpuc, Ocama Typadu. Bo3moskHOCTH NpMMeHeHHsI PaJHOKAHATIOB
CBSI3M TeParepuoBoOro AMANa3oHa JUIsi CBEPXBbICOKOCKOPOCTHBIX pacnpeaeuTeIbHbIX ceTel

[IpuBeneHsl pe3yabTaThl HCCIENOBAHUS OCHOBHBIX TEHJCHIMH U MEPCHEKTUB Pa3BUTHUS paclpelelUTENbHBIX TpaHC-
noptHeIX cerer (Mobile backhaul). Ha ocHOBaHMM TIPOBEIEHHBIX TEOPETHYECKUX PACUETOB, KOMITBIOTEPHOTO U (PHU3H-
YECKOI'0 MOZEIUPOBAHMUS CIIPOEKTUPOBAH PaIOKaHAN CBS3W TEParepluoBoro Auana3oHa ¢ BO3SMOXKHOCTHIO IPUMEHEHUS
JUTSl IOCTPOEHUSI CBEPXBBICOKOCKOPOCTHBIX (Oosee 1 ['but/c) pactipenenuTenbHbIX ceTei.

KaroueBble ciioBa: TepareplioBblii Mana3oH; pacupeneauTenbHble TpancopTaeie cetu (Mobile backhaul); mporycknast
CIOCOOHOCTB; CBEpXCKOpocTHbIE cucTeMbl cBsizn (U-WB Communacatioons); paiioKaHa CBsI3H.

HapobiThuk Teonop HuxonaeBuu. Kanaunat Texauyeckux Hayk. AkaleMHUK YKpauHCKOW akaJeMHuH Hayk. Bemymuit
HAy4HBIN COTPYIHUK.

Hayuno-uccnenoBarenbckuit HHCTUTYT TeleKoMMyHUKaIMoHHbIX cucteM HTYY «KIIW», Kues, Ykpauna.
Oo6pa3zoanue: HUU «Hctok», Mocksa, Poccus.

Hanpagienue Hay4HOH AeATETbHOCTH: MUKPOBOIHOBBIE TBEPAOTEIbHbBIE YCTPOUCTBA, paluopereHbIe U CITyTHUKOBEIE
CHUCTEMBI, TEIEKOMMYHUKAIIMOHHBIE CUCTEMBI TepareploBOro Auana3oHa, MUKPOBOJIHOBbIE MHTEIPUPOBAHHBIE Tellepa-
JMOMH(OPMALMOHHBIE CHCTEMBI MYJIBTHCEPBUCHOTO PAHOJOCTYIIA.

KommuectBo nmyomnukanmii: 259.

E-mail director@mitris.com

Pa6ounii Teedon +038- 044-407-65-47, moOmnbHeIH Tenedon +038-067-444-07-47

Aau Adganna Uoparum Unppue. KanaunaTt TexHuueckux Hayk. JIOIEHT.

Ymuaypmanckuit Mcnamckuii YHuBepcurer, . Xaptym, CynaH.

Oo6pa3oBanue: Kazanckuii rocyaapcrBennsiii yHusepcuteT, Kazans, Poccus (2002)

HampaBnenue HaydHOH IesrensHOCTH: IM(POBBIE METOABI (POPMUPOBAHUS U OOPaOOTKM CHTHAJIOB, KOMITBIOTEPHBIC
YCTPOWCTBA, CUCTEMBI M CETH, HEWPOHHBIE CETH.

KommuectBo myonukanmii: 13.

E-mail: abdallaalil01@hotmail.com

Pabouwnii Tenedon +249187529274, modwneHbI# Tenedon +249112579963

Ocama Typa6u. Kannunat texandeckux Hayk. CTapIinii HayqHbIH COTPYHUK.

CII «MucTutyt anextponuku u cesizu Y AHHID», Kue, Ykpauna.

O0pasoBanue: HarmonansHbIi aBUalMOHHBIA yHUBEpCUTET, Kues, Ykpaunna, (2012).

HamnpaBnenue Hay4HO# NeSITENLHOCTU: TEJIEKOMMYHUKAIIOHHBIE YCTPOMCTBA, CUCTEMBI M CETH, 00paboTKa HH(pOpMaIU
HAIMOHAJILHOM MH(OpMalMOHHO-KOMMYHHUKAIIMOHHOW MH(PACTPYKTYPbI, aHTEHHBIE CUCTEMBbI, HEHPOHHBIE CETH.
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