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Introduction: The goal of this issue is the analysis of evolution of the current and novel wireless networks, from second
generation (2D) to fifth generation (5G), as well as changes in technologies and their corresponding theoretical background and
protocols — from Bluetooth, WLAN, WiFi and WiMAX to LTE, OFDM/OFDMA, MIMO and LTE/MIMO advanced technologies with new
hierarchy of cellular maps design — femto/pico/micro/macro. Methods: We use new theoretical frameworks for description of
the advanced technologies, such as multicarrier diversity technique, OFDM and OFDM novel approach, MIMO aspects description
based on multi-beam antennas approach, various cellular maps design based on a new algorithms of femto/pico/micro/macrocell
deployment, and a new methodology of a new MIMO/LTE system integration based on multi-beam antennas. Results: We have
created a new methodology of multi-carrier diversity description for novel multiple-access networks, of usage of OFDM/OFDMA
modulation to obey inter-user and inter-symbol interference in multiple-access networks, of how to obey the multiplicative noises
occurring in the multiple-access wireless networks, caused by multi-ray phenomena, and finally, of how to overcome propagation
effects occurring in the terrestrial communication links by use combination of MIMO and LTE technologies based on multi-beam
antennas. For these purposes we present new stochastic approach that accounts for the terrain features, such as buildings’
overlay profile, buildings’ density around the base station and each user antennas, and so forth. These parameters allow us to
estimate for each situation occurs at the built-up terrain area the effects of fading, as a source of multiplicative noise. Practical
relevance: New methodology of how to estimate effects of multiplicative noise, inter-user and inter-symbol interference, occurring
in the terrestrial wireless networks, allows us to predict a-priory practical aspects of the current and new multiple-access wireless
communication networks, such as: the users’ capacity and user's links spectral efficiency for various configurations of cells
deployment — femto, pico, micro, and macro, as well as the novel MIMO/LTE system configuration for future networks of 4th and
5t generation deployment.
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Novel femtocell concept for modern networks
from 4G to 5G

The femtocell concept is one of the example of
new technologies, that makes use as of the exist-
ing 3G homogeneous and non-homogeneous cellular
networks to yield high speed mobile communica-
tions (up to 1 Gbps) [83—94]. A femtocellular con-
cept was introduced, as an example of how to im-
prove GoS and QoS for modern MIMO networks by
introducing a non-standard planning of the cells’
pattern instead of existing technologies of cells’
pattern design [22, 95, 96]. We present now a re-
cent configuration of femtocell concept combined
with WiFi-WiMAX existing networks for the pur-

pose to perform of a new 4! generation of wireless
networks. Such a configuration is presented sche-
matically in Fig. 17.

According to [83—94], we define femtocell as the
home access point (HAP) [called also Femto-Aps or
FAPs] arranged inside the existing micro- or mac-
ro-cell networks for the increasing of the rate of
information data stream for each home subscrib-
er. The increasing demand observed during the
recent decades for higher information data rate
in standard wireless networks has triggered the
performance of advanced cellular technologies
and modern networks. Thus, the third-generation
partnership projects (S3PPP and 3PP2) [86, 87],
HSPA [93], wideband code division multiple access
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B Fig.17. Schematic presentation of Femtocell-WiFi-WiMAX configuration

(WCDMA-2000) and WCDMA/HSPA standards,
the modern forth-generation (4G) technologies and
the corresponding networks on the basis of WiMAX
(based on the protocol 802.16e) and LTE standards
[83, 85, 90], were continuously adopted to supply
the real mobile broadband experience for the mobile
customers. This occurs because of the growing de-
mand for mobile wireless communications, which
requires to determine and to fully understand the
capacity limitations of each technology due to the
fact that the capacity limit formulates the maxi-
mum data rates based on the channel capacity equa-
tion that was introduced firstly by Shannon [84].

One of the main approaches to overcome the fun-
damental capacity limitations and as a result to in-
crease the maximum user throughput is to use the
higher-order modulation techniques for broadband
networks, such as OFDM [91]. However, such a tech-
nique requires smaller cell radius especially when
the reuse of one frequency scheme is used.

Femtocell access point (FAP) networks have re-
cently received considerable attention from commu-
nication society due to their enormous potential for
capacity improvements by answering the small cell
radius requirement [83]. The initial standardiza-
tion of FAP by the 3GPP, 3GPP2, WiMAX Forum
[85—87, 90, 94] was completed lately, signaling that
femtocell technology has been recognized by the
highest profile standardization structures world-
wide.

Finally, the femtocell concept allow designers
of such combined femtocell-microcell or femto-
cell-macrocell networks to achieve a higher capacity,
that is, maximum possible rate of signal data pass-
ing via such indoor-outdoor channels with minimi-
zation in the multiplicative noise due to fading and
the noise caused by interference between users [83,
92-94]. At the same time we notice that the co-ex-
istence between the FAP, neighboring FAPs and mi-

cro- or macro-cell BSs (denoted as MBS), remains a
key problem that needs to be addressed [85—87].

A precise control of femto-macro cellular (FMC)
interference should be performed. This control re-
lates to sub-band scheduling and interference can-
cellation. Thus, to control FMC interference the
macrocell bandwidth should be split into sub-bands
and the short-rage femtocell links should allow their
power across these sub-bands. The corresponding
procedure of the macrocell partitioning into sub-
bands is done as follows.

The sub-band Af;, i € [1, N], is used in all M cells
and serves users located close to the each cell BS.
The other sub-bands Afj, j#1i, serve users close to
the cells’ edges. During sub-band partitioning, an
adaptive power control technique is usually used.
Such approach of powers allocation across the sub-
bands can maximize loading and GoS.

Finally, using femtocell APs, we can satisfy the
problem of macrocell interface, reduce inter-cell in-
terference between adjacent macrocells, mitigate
the femtocell-macrocell users interference, and im-
prove cell edge users’ performance. The main goal of
femtocell-macrocell and femtocell-microcell deploy-
ments is to avoid co-channel interference and to in-
crease the overall cell capacity, which in turn allows
achieving high data rate for each indoor subscriber.

All these benefits depend strongly on the propa-
gation phenomena (i. e., physical background) that
occur in indoor-outdoor communication environ-
ments. A good prediction of these propagation ef-
fects allows solving the problem of full radio cover-
age for each femtocell (e.g. indoor) subscriber locat-
ed in the area of each FAPs service.

Here, we focus our effort on the co-existence
analysis that takes into consideration the different
scenarios of FAPs deployment. The analysis is per-
formed in terms of channel capacity estimation for
different FAPs deployment strategies. Following
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the [88-96], we formulate the capacity analysis on
the basis of four main terminologies:

—dedicated spectral assignment (DSA), that is,
the FAP deployment by using a dedicated spectrum
that is not used for the macro-cell network;

—shared spectral assignment (SSA), that is, the
FAP deployment by using the same frequency carri-
er as a macro-cell network;

— closed subscriber group (CSG), that is, the
FAP is accessible only for a local group of users ac-
cording to the defined access list;

—open subscriber group (OSG), that is, all MBSs
might access the FAP coverage service.

All the combinations DSA with CSG and OSG,
as well as SSA with CSG and OSG, we will analyze
below. We also notice that in the CSG case, the only
users, which are inside the indoor environment, are
assumed to be served by the FAP.

Some of the details on shared spectral channel
assignment deployment can be found in [88-90];
the comparison between the closed and open access
group list is analyzed in [91], and different power
control techniques are discussed in [92]. The Femto
forum white papers have also included studies for
co-existence analysis in terms of mutual interfer-
ence [94].

Channel capacity models

To analyze the potential of channel capacity of
mobile users in networks with integrated femtocell
deployments, Shannon’s equations were introduced
considering different FAP available configurations
(CSG and OSG) and spectral channel assignment
strategies (DSA and SSA) mentioned above. The
following conditions in such femtocell deployments
and channel capacity models were assumed:

a) the total spectral bandwidth of the system, B,,
is assigned to FAPs and MBSs according to the con-
sidered configuration: DSA, SSA, CSG, or OSG;

b) all users have the same available bandwidth,
which is assigned to comply with the highest avail-
able demand of service in the network, that is, each
MS receives the equivalent part of the B,;

c¢) all FAPs and MBSs transmit simultaneously
to all active subscribers, whether stationary or mo-
bile.

We notice here that to calculate the average re-
ceived signal strength accounting for slow and fast
fading phenomena caused by multiple scattering,
diffraction and reflection, the unified propagation
models for outdoor, indoor and outdoor-indoor sce-
narios were used following References [22, 7T7-89].

Now, let us introduce the main formulas for con-
sidering different FAP available configurations
(CSG and OSG) and spectral channel assignment
strategies (DSA and SSA).

Shared spectrum assignment with close subscrib-
er group. In case when the total spectrum band-
width B, is shared between the FAP network and the
macro-cell BSs (MBSs), the capacity of MS user iz in
FAP coverage, can be introduced as follows [95, 96]:

Cssa_¢sG_indoor i =

= B,y logy| 1+ Sji = (33)
ETByy+ Y, I+ I,
j=1,j#i =1

Here, B,y = B,/N is a bandwidth normalized to
number of users N served by FAP; Sy, is the signal
strength of the FAP in the location of MS user iy
served by FAP with i, € (1:N); I, is the interference
strength of MBS antenna with [ € (1:L), where L is a
total number of MBSs; I is the interference strength
of the neighboring FAP j with j € (1:J), when J is
a total number of FAPs; kETB, is the thermal noise,
where kj is a Boltzmann coefficient and T is a tem-
perature (in Kelvin). We notice that the MS users,
which were allocated indoor are considered to be reg-
istered in the CSG, otherwise they are not allowed
to be served by FAP. The capacity of the outdoor MS
user i,, can be calculated as follows [95, 96]:

Cssa ¢SG_outdoor i =

_B,plogy| 1+ Swi | @y
kTBtP+ZIJ-+ > I
j=1 1=1,1#i

where B,, = B,/P is a bandwidth normalized to
number of users P served by MS; S, is a signal
strength of the MBS in the location of MS user i,,
served by MBS with i, € (1:P).

Shared spectrum assignment with open subscrib-
er group. The main difference for this case is that
the MS users that are located outdoor can be poten-
tially served by FAP. Therefore, for MS users i,
which are served by FAP and located outdoor, the
channel capacity can be written as [95, 96]:

Cssa ¢SG_outdoor iF =

Sri

:BtN logz 1+ 7 T (35)
ETByy +Y I+ Y I
j=1 1=1,1#i

The decision if the outdoor MS served by FAP or
by MBS antenna is done by simple handover thresh-
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old, that is, the transmitter (FAP or MBS antenna)
with highest signal strength gets to serve the MS.
Dedicated spectrum assignment with closed sub-
scriber group. In case the dedicated spectrum is as-
signed to the femtocell network, there is no mutual
interference between the MBS and the FAP, however
the total bandwidth B, is divided between the FAP
and MBS network in some manner, that is, the allo-
cation can be potentially not symmetrical. Therefore
the channel capacity for the MS user i, that isin FAP
coverage can be introduced as follows [95, 96]:

Cpsa ¢sG_indoor i =

Sri

=B;ygqlogs| 1+ (36)

J b
ETBing+ Y, I
j=1,j#i

where B,y,; = B, FNR/N, and FNR is a FAP network
ratio, which defines the part of total B, spectrum
allocated for FAP network. The capacity of the
outdoor MS user i,,, which is served by MBS can be
calculated as follows [95, 96]:

Cpsa_cSG_outdoor i =

S
i @

ETBipg+ Y. I,
1=1,1=i

ZBth 10g2 1+

where B,p; = B, FNR/P is, as above, a bandwidth
normalized to number of users P served by MBS.

Dedicated spectrum assignment with open sub-
scriber group. In such a scenario, the channel capac-
ity for the MS users, ip, that is, located under the
FAP radio coverage (having better signal strength),
can be introduced as follows [95, 96]:

Cpsa_0SG_outdoor iF =

Sri

= BtNd 10g2 1+ (38)

J 2
ETBng + ) 1
j=1

where B,y = B, FNR/N is, as above, a bandwidth
normalized to number of users N served by MS
antenna.

Addressing the problem of optimal resources al-
location in the predefined built-up areas of interest
and for the above four scenarios, let us introduce a
well-known power allocation procedure called in the
literature the “spatial water-filling” [108—-110].

Analysis of femto/micro/macrocell
network configurations

In our numerical analysis of the four scenarios
described above, we assume that the users are ran-
domly, but uniformly, distributed in the investigat-
ed area of service. For the analysis two representa-
tive areas were selected: one is for an urban, and one
is for a suburban area (see definitions in [21, 22]).

We also assume that each FAP has 3 categories
corresponded to the output antenna power of 10, 15,
21 dBm, respectively. In each category, the power
dynamic range is 30 dB. Each FAP affects other us-
ers within a radius of 150 m.

For each distribution described above, we need
to optimize the maximum transmitted power. The
optimization criterion is to maximize the site’s to-
tal ergodic capacity, that is, the sum of maximum
available capacity for each user in the site under in-
vestigation [95, 96]:

Ciotar = 2 C; (outdoor _users)+
i
+Y_C; (outdoor _users_no_femto)+
i
+Y C;(outdoor _users_with_femto).  (39)

i

Propagation aspects of femtocell networks. To
analyze various scenarios in the outdoor-indoor
communication environments for the femtocell-mac-
rocell joint planning tool deployment, the multi-par-
ametric stochastic approach for signal strength pre-
diction in urban environment is used. This approach
is fully described in [21, 22] and some details on the
stochastic models for regular and non-regular dis-
tributions of buildings in the urban environment
are presented in references [97-107]. This stochas-
tic approach combines the multipath propagation
along straight crossing streets, areas surrounding
streets and other natural or man-made obstructions
randomly distributed (according to Poisson’s law as
an ordinary flow of scatterers) on the rough terrain.
General formulas were obtained in references [99—
102] for prediction of the signal path loss in various
scenarios with different elevations of the base sta-
tion and the subscriber antennas. In this paragraph,
the simplified approach based on reference [101] is
proposed, where multiple diffraction and scattering,
having the coherent and incoherent parts, have been
rearranged in the simple forms.

We will present the total path loss, presented in
[21, 22], accounting additionally for penetration of
the radio signal inside buildings and the additional
loss caused by walls, that is,

Lyy10)(r) = —32,4 — 30logfypyy,; — 30logryy,,; —
- Lfading_ Lwalls + (GBS + GMS)’ (40)
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where, as in [22],

YoloF? (21, 22)

i 2 (oY |

Lfading =10log 172’ 41)

F2(z, 29)= (}7 -z ) 2. all other parameters are
described above in Part 2. Here we introduced also
a new term called loss by walls, L, ;. = 10log|T|,

|T| =.[1—(X|F|)2, 0.5 < X <1 according to Referen-

ce [85], where |T| is the absolute value of refraction
coefficient that equals: |T| = 0.9-0.95 for glass,
IT| = 0.75—0.85 for wood, |T| = 0.55—0.65 for stones,
and |T| = 0.15-0.2 for concrete (for X = 0.5-0.9)
[106, 107]. The wavelength of the radio wave has a
wide range that varies from A = 0.05 m toA = 0.53 m
and covers most of the modern wireless networks
[22, 105-107].

As for indoor channels, here we use the same
combination of the statistical waveguide model
describing propagation phenomena along the cor-
ridors and inside rooms lining each corridor (see
[22]), where instead of the time ¢, we account for
relations between time ¢=(r+7)/d and distances

1/2
rand 7= [dz +r2 —2rdcos (p} / . After straightfor-

ward derivations, we get:

Ltotal =-32.4 —2010gf[MHZ] —
—101og[Wsin2%}—2.4{y0(r+f)}—

d((r+7r)—dcoso
—1010g(| Taur ” Tfloor |)_1010g ((r+f)2 _dz )_

InX| [+ -d?]
- 8.6 -
a'(p) (r+7)—dcoso

+(Gps +Gys)|ap.  42)

In this formula we account for attenuation
loss caused by walls and by floors, as was done in
[105, 107] by introducing the absolute values of
the coefficients of attenuation caused by walls,

Tyay» and by floors, Tp,,: |Twall|:H|Twall,m
m

and |Tyoor |= [ | Tf00r,n| according to [105, 107].
n

Formulas (40) and (41) will be used below for analy-
sis of situation with path loss in outdoor macro- and
micro-cell environments and formula (42) will be
used for analysis of propagation inside femto-cell
indoor links.

Numerical analysis of different femtocell net-
work deployments. We analyzed numerically two
types of deployments for different types of femto-
cell configurations:

a) there are three types of standard FAPs with
maximum output power of 10, 15, and 21 dBm,
mentioned above;

b) the same analysis was performed after the im-
plementation of the power optimization algorithm
using the spatial water-filling approach proposed
previously.

Since both types of techniques gave the same re-
sults [95, 96], we present one of them on the basis
of the water-filling approach. Numerical computa-
tions were performed for the urban scene that corre-
sponds to the one of the built-up areaof 1.5 x 1.5km
(Fig. 18), after the power allocation optimization
algorithm using the water-filling mechanism. As it
follows from Fig. 18, there are 7 cells uniformly dis-
tributed in this area. The MS users were randomly,
but uniformly, distributed across the selected area
where the part of them was randomly allocated in
the indoor environment according to the real clut-
ter definition (that is, a different percentage of in-
door calls of 20, 40, and 60 % were simulated ac-
cording to conditions considered in [95, 96]).

The FAPs were also randomly uniformly distrib-
uted between the indoor users. Different percentag-
es of indoor MS users (from all number of users lo-
cated in area of service) of 50, 70, and 100 %, which
have FAPs, were also simulated. Different distribu-
tions of FAPs between the MS users were simulated
for the following configurations: uniform, where
80 % MS users are concentrated at the cell edge and
20% are concentrated in the cell centre, and vice
versa.

* BS -—a-— Qutdoor user
@ Femto user

- Indoor user

B Fig. 18. The tested urban area. The big stars corre-
spond to the MBS; different collared quadrates corre-
spond to femto users, indoor users and MS outdoor users,
respectively
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All types of FAPs configuration (CSG, OSG) with
SSA and DSA, were simulated and are presented in
Fig. 19-22 for the above mentioned scenarios of MS
users’ distribution. The analysis was performed
within the centrally positioned 7-cell pattern in the
cluster assuming the frequency reuse of one. In nu-
merical computations, the users’ density was taken
to be 480 users per square kilometre [95, 96].

Thus, in Fig. 19, a, b the CDF of signal data ca-
pacity for four network configurations (CSG, OSG,
SCA, DCA) and for different FAP’s distributions.

The effective irradiated power is 21 dBm and the
number of indoor users is 60 % from all subscribers
in the tested area. Once can see that the preferable
network configurations are the shared and dedi-
cated CSG and OSG femto-network configurations.
Figures 20 show the total probability of the signal
capacity (or maximum data rate) for shared CSG (a)
and dedicated OSG (b) for different FAPs densities,
of 50, 70, and 100 %, for indoor users using FAP of

NHD®OPMAUNOHHBIE KAHAABLI 1 CPEAbI

N

60 % from the total number of indoor users in area
of service.

The dedicated OSG allows for achieving higher
data rate for the same usage of FAPs — 50, 70 or
100 %.

Figures 21 and 22 show the CDF of the signal
capacity for the dedicated CSG and shared network
configuration, respectively, for different percent-
age of indoor users, 20, 40, and 60 %, and for num-
ber of FAPs used by these indoor users: 70 % (a) and
100 % (b).

We can see that, again, the shared CSG concept
allows us to obtain higher data rate (or capacity) for
the same number of FAPs deployed by indoor users.

The obtained results allow us to conclude that the
water-filling techniques for the optimal power alloca-
tion of FAPs can be fully implemented for predicting
the different femtocell-macrocell network configura-
tions with different tradeoffs for indoor, outdoor and
femto-users densities. The similarly obtained results
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0.8 -

= 0.6/

g o4l 7
0.2 %/

0 10 20 30 40 50 60 70 80 90 100 110 120
Capacity, Mbit/s

— Shared CSG — Shared OSG

B Fig. 19. Distribution of signal data capacity for four network configurations for different FAP’s distribution: 100 %
(a) and 50 % (b). The effective irradiated power is 21 dBm; the number of indoor users is 60 % from all subscribers in the

tested area
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b) Indoor users [20% 40% 60%]
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B Fig. 21. CDF of the capacity for the same dedicated CSG network configuration for different percentage of indoor
users, 20, 40, and 60 %, and for number of FAPs used by these indoor users: 70 % (a) and 100 % (b)
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B Fig.22. Network configurations vs. different percentage of indoor users, 20, 40, and 60 % , for shared CSG scenario

for two frameworks, with and without the water-fill-
ing mechanism, have shown an improvement in the
capacity distribution results between the users of
joint femtocell-macrocell co-existing systems.

Experimental verification of the total path
loss in femtocell — microcell areas

Now we will compare results of numerical com-
putations of propagation outdoor-indoor model for
femtocell employments in picocell and microcell en-
vironments with experiments curried out in special
built-up environment [22].

In the first cycle of experiments we show only the
part of the specific area topographic map that cor-
responds to a femtocell-picocell environment sur-
rounding one of the two-story building, as shown
in Fig. 23, where the position of the transmitting
antenna is denoted by the circle.

The vertically polarized transmitting sectoral
antenna was installed 12 meters apart from the
building, at 2-meter height. The receiving antenna
was positioned inside the building at a height of 5
meters (i. e., at the 21 floor). It was arranged at the

notebook as a wireless card with its dipole micro
antenna. This experiment corresponds to “femto-
cell-picocell-microcell” conditions.

Measurements were carried out for each meter
along the radiopath outside and inside the building,
and the corresponding signal strength was meas-
ured. The power of the transmitting signal was
12 dBm and the frequency was 2.450 GHz. Due to
scanning of the transmitting antenna (see straight
lines in Fig. 23) in the azimuth domain, different
angles of beam direction were taken, starting from
30 degrees up to 150 degrees, as it is seen in Fig. 23.
We will present two characteristic graphs obtained
experimentally according to 3D numerical code.
The measured results are shown in Fig. 24, a and b.

The corresponding numerical simulations of the
same conditions of the experiment are shown in
Fig. 25, a and b.

It was found, both, theoretically and experimen-
tally that after passing a wall of bricks the signal
intensity falls to —14+17 dB, and then attenuates
smoothly according to Equation (42) along the cor-
ridor. Despite the fact that the measured and the
numerically predicted results of the signal 3D pat-
tern have not the same shape and form, they both
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Stairs

Door Door

Antenna 12 meter

Door

B Fig. 23. The scheme of the experimental site. The transmitter antenna is denoted by circle and located outside the
building at the range of 12 m from the front wall of the building. Each line presents the radio path in azimuth domain
where the angle is changed from 30 to 150 degrees

a) Wit, d) [dB] b) 5 Wit, d) [dB]
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B Fig.24. Experimentally obtained 3D pattern of the signal power in the joint time-distance domain for the azimuth of
60 degrees (a) and 135 degrees (b)
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B Fig.25. Numerical simulation outdoor-indoor link where all simulation data corresponds to the experiment: a — pre-
sented in Fig. 24, a; b — presented in Fig. 24, b
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predict the sharp attenuation during as the signal
passes through the wall, and they predict the same
attenuation with accuracy of +(3+5) dB.

We should notice that inside the building, due to
multi-diffraction and multi-reflection effects from
each inner architectural construction, the meas-
ured data showed strong oscillations of the record-
ing signal strength (see Fig. 24, a, b), whereas the
simulated data show much weaker oscillations (see
Fig. 25, a, b).

Behind the building, theoretical model is a poor
predictor of the experimental data. The difference
between theory and experiment is of the order of

10-15 dB. This occurs because in formula (42) the
effects of attenuation due to several walls is not
taken into account, as well as the effects of furni-
ture and other architectural structures that can
work as the “secondary sources of diffraction”, in-
creasing overall intensity of the signal. Therefore,
the multi-parametric stochastic approach, present-
ed above, is limited, as a good predictor of propa-
gation phenomena in indoor/outdoor femtocell-mi-
crocell communication environment, where all fea-
tures and constructions, existing inside each room
under testing, should be taken into account.
Ending follows.

References

1. Jakes W. C. Microwave Mobile Communications.
Wiley, New York, 1974.

2. Lee S. C. Y. Mobile Cellular Telecommunication Sys-
tems. McGraw-Hill, New York, 1989.

3. Steele R. Mobile Radio Communication. IEEE Press,
1992.

4. Proakis J. G. Digital Communications (3d ed.).
McGraw-Hill, New York, 1995.

5. Stuber G. L. Principles of Mobile Communications.
Kluwer Academic Publishers, Boston, 1996.

6. Peterson R. L., Ziemer R. E., and Borth D. E. Intro-
duction to Spread Spectrum Communications. Pren-
tice Hall PTR, New Jersey, 1995.

7. Rappaport T. S. Wireless Communications: Princi-
ples and Practice. Prentice Hall PTR, New Jersey,
1996 (2nd ed. in 2001).

8. Steele R., and Hanzo L. Mobile Communications. 24
ed. John Wiley & Sons, Chickester, 1999.

9. LiJ.S., and Miller L. E. CDMA Systems Engineering
Handbook. Artech House, Boston-London, 1998.

10. Saunders S. R. Antennas and Propagation for Wire-
less Communication Systems. John Wiley & Sons,
Chickester, 2001.

11. Burr A. Modulation and Coding for Wireless Commu-
nications. Prentice Hall PTR, New Jersey, 2001.

12. Molisch A. F. (Ed.). Wideband Wireless Digital Com-
munications. Prentice Hall PTR, New Jersey, 2000.

13. Paetzold M. Mobile Fading Channels: Modeling, Anal-
ysis, and Simulation. John Wiley & Sons, Chickester,
2002.

14. Simon M. K., Omura J. K., Scholtz R. A., and
Levitt B. K. Spread Spectrum Communications Hand-
book. McGraw-Hill, New York, 1994.

15. Glisic S. and Vucetic B. Spread Spectrum CDMA Sys-
tems for Wireless Communications. Artech House,
Boston-London, 1997.

16. Dixon R. C. Spread Spectrum Systems with Commercial
Applications. John Wiley & Sons, Chickester, 1994.

17. Viterbi A. J. CDMA: Principles of Spread Spectrum
Communication. Addison-Wesley Wireless Commu-
nications Series, 1995.

18.Goodman D. J. Wireless Personal Communication
Systems. Addison-Wesley, Reading, Massachusetts,
1997.

19. Schiller J. Mobile Communications. 224 ed. Addi-
son-Wesley Wireless Communications Series, 2003.

20.Molisch A. F. Wireless Communications. John Wiley
& Sons, Chickester, 2007.

21. Blaunstein N. and Christodoulou C. Radio Propaga-
tion and Adaptive Antennas for Wireless Communica-
tion Links. 15t ed. Wiley & Sons, New Jersey, 2007.

22.Blaunstein N. and Christodoulou C. Radio Propaga-
tion and Adaptive Antennas for Wireless Communica-
tion Networks — Terrestrial, Atmospheric and Iono-
spheric. 2" ed. Wiley & Sons, New Jersey, 2014.

23.Hadar O., Bronfman I., and Blaunstein N. S. Optimi-
zation of Error Concealment Based on Analysis of
Fading Types. Part 1. Statistical Description of a
Wireless Video Channel, Models of BER Determina-
tion and Error Concealment of Video Signals. Infor-
matsionno-upravliaiushchie sistemy [Information
and Control Systems], 2017, no. 1, pp. 72-82.
d0i:10.15217/issn1684-8853.2017.1.72

24.Hadar O., Bronfman I., and Blaunstein N. S. Optimi-
zation of Error Concealment Based on Analysis of
Fading Types. Part 2. Modified and New Models of
Video Signal Error Concealment. Practical Simula-
tions and their Results. Informatsionno-upravliai-
ushchie sistemy [Information and Control Systems],
2017, no. 2, pp. 67-76. doi:10.15217/issn1684-
8853.2017.2.67

25. Vostrikov A., Kurtyanik D., Sergeev A. Choosing
Embedded WI-FI Module for Mobile Optic-Informa-
tion Systems. Vestnik. 2018, no. 4, pp. 26—29 (In Rus-
sian).

26. Vostrikov A., Balonin Yu., Kurtyanik D., Sergeev A.,
Sinitsyna O. On Hybrid Method of Video Data Protec-
tion in IP-networks. Telekommunikatsii [Telecommu-
nications], 2018, no. 2, pp. 34—39 (In Russian).

27. Erosh 1., Sergeev A., Filatov G. Protection of Images
During Transfer via Communication Channels. Infor-
matsionno-upravliaiushchie sistemy [Information
and Control Systems], 2007, no. 5, pp. 20—22 (In Rus-
sian).

90 7 VHOOPMALIMOHHO-YMNPABASIOLLIVIE CUCTEMBI

7/ N6, 2018



\ NHD®OPMAUNOHHBIE KAHAABLI 1 CPEAbI AN

28.Sergeev A. Generalized Mersenne Matrices and Balo-
nin’s Conjecture. Automatic Control and Computer
Sciences, 2014, vol. 48, no. 4, pp. 214—-220.

29. Sergeev A. M., Blaunstein N. S. Orthogonal Matrices
with Symmetrical Structures for Image Processing.
Informatsionno-upravliaiushchie sistemy [Informa-
tion and Control Systems], 2017, no. 6, pp. 2-8 (In
Russian). doi:10.15217/issn1684-8853.2017.6.2

30. Modulation and Coding Techniques in Wireless Com-
munications. Ed. by E. Krouk, and S. Semenov. John
Wiley & Sons, Chichester, United Kindom, 2011.

31. Specification of the Bluetooth System. Dec. 1, 1999.
Available at: www.bluetooth.com. (accessed 15 Au-
gust 2017).

32.Junaid M., Mufti M., and Ilyas M. U. Vulnerabilities
of IEEE 802.11i Wireless LAN. Trans. Eng., Comput.
and Technol., Feb. 2006, vol. 11, pp. 228—-233.

33.IEEE 802.11 Working Group. Available at: http://
grouper.ieee.org/groups/802/11/index.html (acces-
sed 15 August 2017).

34.Wireless Ethernet Compatibility Alliance. Available
at: http://www.wirelessethernet.org/index.html (ac-
cessed 15 August 2017).

35.Sharon O., and Altman E. An Efficient Polling MAC
for Wireless LANs. IEEE/ACM Trans. on WiMAX
Systems Evaluation Methodology V2.letworking,
2001, vol. 9, no. 4, pp. 439—451.

36.IEEE std. 802.11-1999: Wireless LAN Medium Access
Control (MAC) and Physical Layer (PHL) Specifica-
tions, 1999.

37. Qainkhani I. A., and Hossain E. A Novel QoS-aware
MAC Protocol for Voice Services over IEEE
802.11-based WLANSs. J. Wireless Communic. and
Mobile Comput., 2009, vol. 9, pp. 71-84.

38.Wireless LAN Medium Access Control and Physical
Layer Specification. IEEE Press, 1999, Jan. 14.

39. Zyren J. Reliability of IEEE 802.11 High Rate DSSS
WLANs in a High Density Bluetooth Environment;
802.11 section, 8—6, 1999.

40.Perahia E. IEEE 802.11n Development: History, Pro-
cess, and Technology. IEEE Communic. Magazine,
2008, vol. 46, pp. 46—55.

41.Ni Q., Romshani L., and Turletti T. A Survey of QoS
Enhancements for IEEE 802.11 Wireless LAN. J.
Wireless Communic. and Mobile Comput., 2004,
vol. 4, no. 5, pp. 547-566.

42. Wang W., Liew S. C., and Li V. O. K. Solutions to Per-
formance Problems in VoIP over 802.11 Wireless
LAN. IEEE Trans. Veh. Tech., 2005, vol. 54, no. 1,
pp. 366—384.

43.Robinson J. W., and Randhawa T. S. Saturation
Throughput Analysis of IEEE 802.11e Enhanced

Distributed Coordination Function. IEEE J. Select.
Areas of Communic., 2004, vol. 22, no. 5, pp. 917—
928.

44.Wang P., Jiang H., and Zhuang W. 802.11e Enhance-
ment for Voice Service. IEEE Wireless Communic.,
2006, vol. 13, no. 1, pp. 30—35.

45. Perez-Costa X., and Camps-Mur D. IEEE 802.11e QoS
and Power Saving Features Overview and Analysis of
Combined Performances. IEEE Wireless Communic.,
2010, vol. 17, no. 2, pp. 88—96.

46.Kopsel A., and Wolisz A. Voice Ptransmission in an
IEEE 802.11 WLAN Based Access Network. Proc. of
4th ACM Int. Workshop on Wireless Mobile Multime-
dia (WoWMoM ), Rome, Italy, 2001, pp. 24—33.

47. Veeraraghavan M., Chocker N., and Moors T. Sup-
port of Voice Services in IEEE 802.11 Wireles LANSs.
Proc. of IEEE INFOCOM’01, 2001, vol. 1, pp. 488—
497.

48.Kim Y.-J., and Suh Y.-J. Adaptive Polling MAC
Schemes for IEEE 802.11 Wireless LANs Suppor-
ting Voice-over-IP (VoIP) Services. J. Wireless Com-
munic. and Mob. Comput., 2004, vol. 4, pp. 903-916.

49. Andersen J. B. Array Gain and Capacity of Known
Random Channels with Multiple Element Arrays at
Both Ends. IEEE J. Selected Areas in Commun., 2000,
vol. 18, pp. 2172-2178.

50. Blaunstein N., and Yarkoni N. Capacity and Spectral
Efficiency of MIMO Wireless Systems in Multipath
Urban Environment with Fading. Proc. of the Europe-
an Conf. on Antennas and Propagation, EuCAP-2006,
Nice, France, 2006, pp. 111-115.

51. Tsalolihin E., Bilik I., and Blaunstein N. MIMO Ca-
pacity in Space and Time Domain for Various Urban
Environments. Proc. of 5" European Conf. on Anten-
nas and Propagation, EuCAP, Rome, Italy, 11-15
April, 2011, pp. 2321-2325.

52.Chizhik D., Farrokhi F., Ling J., and Lozano A. Ef-
fect of Antenna Separation on Capacity of BLAST in
Correlated Channels. IEEE Commun. Letters, 2000,
vol. 4, no. 11.

53. Gesbert D., Shafi M., Shiu D., Smith P., and Naguib A.
From Theory to Practice: An Overview of MIMO
Space-Time Coded Wireless Systems. IEEE Journal
on Selected Areas in Comm., 2003, vol. 21, no. 3,
pp. 281-302.

54. Radioplan. RPS user Manual 5.4. Available at: http://
www.actix.com (accessed 15 August 2017).

55. Philippe J., Schumacher L., Pedersen K., Mogensen P.,
and Frederiksen F. A Stochastic MIMO Radio Chan-
nel Model with Experimental Validation. IEEE J. Se-
lected Areas in Commun., 2002, vol. 20, no. 6,
pp. 1211-1226.

56. Gesbert D., Boleskei H., Gore D. A., and Paulraj A. J.
Outdoor MIMO Wireless Channels: Models and Per-
formance Prediction. IEEE Trans. Commun., 2002,
vol. 50, no. 6, pp. 1926-1934.

57. Boleskei H., Borgmann M., and Paulraj A. J. On the
Capacity of OFDM-based Spatial Multiplexing Sys-
tems. IEEE Trans. Commun., 2002, vol. 50, no. 1,
pp. 225-234.

58.Boleskei H., Borgmann M., and Paulraj A. J. Impact
of the Propagation Environment on the Performance
of Space-Frequency Coded MIMO-OFDM. IEEE J. Se-
lect. Areas Commun., 2003, vol. 21, no. 2, pp. 427-439.

Ne6, 2018 N\

VNH®OPMALIVIOHHO-YMPABASIIOLLIVE CUCTEMBI N\ 9l



7/ NHD®OPMAUNOHHBIE KAHAALI 1 CPEAbI /

59. Chizik D., Ling J., Wolniansky P. W., Valenzuela R. A.,
Costa N., and Huber K. Multiple-imput-multiple-out-
put Measurements and Modeling in Manhattan. I[EEE
J.on Selected Areas in Commun., 2003, vol. 23, no. 2,
pp. 321-331.

60.Oyman O., Nabar R. U., Boleskei H., and Paulraj A. J.
Characterizing the Statistical Properties of Mu-
tual Information in MIMO Channels. IEEE Trans.
Signal Processing, 2003, vol. 51, pp. 2784—
2795.

61. Paulraj A. J., Gore D. A., Nabar R. U., and Boleskei H.
An Overview of MIMO Communications — A Key to
Gigabit Wireless. Proc. of IEEE, 2004, vol. 92, no. 2,
pp. 198-218.

62.Forenza A., et al. Adaptive MIMO Transmission for
Exploiting the Capacity of Spatially Correlated Chan-
nels. IEEE Trans. Vehic. Technol., 2007, vol. 56, no. 2,
pp. 619—630.

63.Foschini G. J., and Gans M. J. On Limits of Wireless
Communications in a Fading Environment when us-
ing Multiple Antennas. Wireless Person. Communic.,
1998, vol. 6, no. 3, pp. 311-335.

64.Proakis J. G. Digital Communications. 4% ed.
McGraw-Hill, New York, 2001.

65.Paulraj A. J., and Kailath T. Increasing Capacity in
Wireless Broadcast Systems using Distributed Trans-
mission/Directional Reception (DTDR). US patent
5,345,599, Sept. 6, 1994.

66.Foschini G. J. Layered Space-time Architecture for
Wireless Communication in a Fading Environment
when using Multiple Antennas. Bell Labs. Tech. dJ.,
1996, vol. 1, no. 2, pp. 41-59.

67. Golden G. D., Foschini G. J., Valenzula R. A., and
Wolniansky P. W. Direction Algorithm and Initial
Laboratory Results using the V-BLAST Space-time
Communication Architecture. Electron. Lett., 1999,
vol. 35, no. 1, pp. 14-15.

68.Nabar R. U., Bolcskei H., Erceg V., Gesbert D., and
Paulraj A. J. Performance of Multiantenna Signaling
Techniques in the Presence of Polarization Diversity.
IEEE Trans. Signal Process., 2002, vol. 50, no. 10,
pp. 2553-2562.

69. Zheng L., and Tse D. Diversity and Multiplexing:
A Fundamental Tradeoff in Multiple Antenna Chan-
nels. IEEE Trans. Inform. Theory, 2003, vol. 49,
no. 5, pp. 1073-1096.

70. Varadarajan B., and Barry J. R. The Rate-diversity
Trade-off for Linear Space-time Codes. Proc. IEEE
Vehicular Tech. Conf., 2002, vol. 1, pp. 67-T71.

71. Godovarti M, and Nero A. O. Diversity and Degrees
of Freedom in Wireless Communications. Proc.
ICASSP, May 2002, vol. 3, pp. 2861-2864.

72.Raleigh G. G., and Cioffi J. M. Spatio-temporal Cod-
ing for Wireless Communication. IEEE Trans. Com-
munic., 1998, vol. 46, no. 3, pp. 357-366.

73. Wittniben A. Base Station Modulation Diversity for
Digital Simulcast. Proc. IEEE Vehicular Tech. Conf.,
May 1991, pp. 848—-853.

74. Seshadri N., and Winters J. H. Two Signaling
Schemes for Improving the Error Performance of
Frequency-Division-Duplex (FDD) Transmission Sys-
tems using Transmitter Antenna Diversity. Int. J.
Wireless Inform. Networks, 1994, vol. 1, no. 1,
pp. 49-60.

75. Alamouti S. M. A Simple Transmit Diversity Tech-
nique for Wireless Communications. IEEE J. Select.
Areas Communic., 1998, vol. 16, no. 8, pp. 1451-1458.

76.Tarokh V., Seshandri N., and Calderbank A. R.
Space-time Codes for High Data Rate Wireless Com-
munication: Performance Criterion and Code Con-
struction. IEEE Trans. Inform. Theory, 1999, vol. 45,
no. 5, pp. 1456-1467.

77. Ganesan G., and Stoica P. Space-time Block Codes: A
Maximum SNR Approach. IEEE Trans. Inform. Theo-
ry, 2001, vol. 47, no. 4, pp. 1650-1656.

78.Hassibi B., and Hochwald B. M. High-rate Codes that
are Linear in Space and Time. IEEE Trans. Inform.
Theory, 2002, vol. 48, no. 7, pp. 1804-1824.

79. Health Jr., R. W., and Paulraj A. J. Linear Dispersion
Codes for MIMO Systems based on Frame Theory.
IEEE Trans. Signal Process., 2002, vol. 50, no. 10,
pp. 2429-2441.

80. Winters J. H. The Diversity Gain of Transmit Diver-
sity in Wireless Systems with Rayleigh Fading. IEEE
Trans.Veh. Technol., 1998, vol. 47, no. 1, pp. 119-123.

81. Bjerke B. A., and Proakis J. G. Multiple-antenna Di-
versity Techniques for Transmission over Fading
Channels. Proc. Wireless Communic. and Networking
Conf., Sept. 1999, vol. 3, pp. 1038-1042.

82.Heath Jr., R. W., and Paulraj A. J. Switching between
Diversity and Multiplexing in MIMO Systems. IEEE
Trans. Communic., 2005, vol. 53, no. 6, pp. 962—968.

83.Chandrasekhar V., Andrews J. G., and Gatherer A.
Femtocell Networks: A Survey. I[EEE Commun. Mag-
azine, 2003, vol. 46, no. 9, pp. 59—-67.

84.Shannon C. E. A Mathematical Theory of Communi-
cation. Bell System Tech. J., July and October 1948,
vol. 27, pp. 379—423 and pp. 623—656.

85.Yeh S.-P., Talwar S., Lee S.-C., and Kim H. WiMAX
Femtocells: A Perpective on Network Architecture,
Capacity, and Coverage. [EEE Commun. Magazine,
2008, vol. 46, no. 10, pp. 58—65.

86.Knisely D. N., Yoshizawa T., and Favichia F. Stand-
ardization of Femtocells in 3GPP. IEEE Commun.
Magazine, 2009, vol. 47, no. 9, pp. 68-75.

87. Knisely D. N., and Favichia F. Standardization of
Femtocells in 3GPP2. IEEE Commun. Magazine,
2009, vol. 47, no. 9, pp. 76—82.

88.Chandrasekhar V., and Andrews J. G. Uplink Capac-
ity and Interference Avoidance for Two-tier Femtocell
Networks. IEEE Trans. Wireless Commun., 2009,
vol. 8, no. 7, pp. 3498—-3509.

89. Calin D., Claussen H., and Uzunalioglu H. On Femto
Deployment Architectures and Macrocell Offloading
Benefits in Joint Macro-femto Deployments. IEEE
Commun. Magazine, 2010, vol. 48, no. 1, pp. 26—32.

92 7 VHOOPMALIMOHHO-YMNPABASIOLLIVIE CUCTEMBI

7/ N6, 2018



\ NHD®OPMAUNOHHBIE KAHAABLI 1 CPEAbI AN

90.KimR. Y., Kwak J. S., and Etemad K. WiMAX Femto-
cell: Requirements, Challenges, and Solutions. IEEE
Commun. Magazine, 2009, vol. 47, no. 9, pp. 84-91.

91. Lopez-Perez D., Valcarce A., de la Roche G., and
Zhang J. OFDMA Femtocells: A Roadmap on Inter-
ference Avoidance. I[EEE Commun. Magazine, 2009,
vol. 47, no. 9, pp. 41-48.

92.Chandrasekhar V., Andrews J. G., Muharemovic T.,
Shen Z., and Gatherer A. Power Control in Two-tier
Femtocell Networks. IEEE Trans. Wireless Commun.,
2009, vol. 8, no. 8, pp. 4316—4328.

93.Yavuz M., Meshkati F., Nanda S., et al. Interference
Management and Performance Analysis of UMTS/
HSPA + Femtocells. IEEE Commun. Magazine, 2009,
vol. 47, no. 9, pp. 102-109.

94. Femto Forum. Available at: http://www.femtoforum.
org/femto/ (accessed 15 August 2017).

95. Blaunstein N. S., and Sergeev M. B. Channel Capaci-
ty Prediction for Femtocell-Macrocell Deployment
Strategies in the Urban Environments with Congest-
ed Layout of Users. Informatsionno-upravliaiushchie
sistemy [Information and Control Systems], 2012,
no. 3, pp. 54—62 (In Russian).

96.Tsalolihin E., Bilik I., Blaunstein N., and Babich Y.
Channel Capacity in Mobile Broadband Heterogene-
ous Networks based on Femtocells. Proc. of Eu-
CAP-2012 Int. Conf., Prague, Czech Republic, March
26-30, 2012, pp. 1-5.

97. Blaunstein N., and Levin M. VHF/UHF Wave Atten-
uation in a City with Regularly Spaced Buildings. Ra-
dio Science, 1996, vol. 31, no. 2, pp. 313—323.

98.Blaunstein N. Prediction of Cellular Characteristics
for Various Urban Environments. J. Anten. and Prop-
agatat. Magazine, 1999, vol. 41, no. 6, pp. 135-145.

99. Blaunstein N. Average Field Attenuation in the Non-
regular Impedance Street Waveguide. IEEE Trans.
on Anten. and Propagat., 1998, vol. 46, no. 12,
pp. 1782-1789.

100. Blaunstein N., Katz D., Censor D., et al. Prediction
of Loss Characteristics in Built-up Areas with Vari-
ous Buildings’ Overlay Profiles. J. Anten. and Propa-
gat. Magazine, 2002, vol. 44, no. 1, pp. 181-192.

101. Yarkoni N., Blaunstein N., and Katz D. Link Budget
and Radio Coverage Design for Various Multipath Ur-
ban Communication Links. Radio Science, 2007,
vol. 42, no. 2, pp. 412—427.

102.Katz D., Blaunstein N., Hayakawa M., and Kishi-
ki Y. S. Radio Maps Design in Tokyo City based on
Stochastic Multi-parametric and Deterministic Ray
Tracing Approaches. J. Anten. and Propag. Magazine,
2009, vol. 51, no. 5, pp. 200—208.

103. Okumura Y., Ohmori E., Kawano T., and Fukuda K.
Field Strength and its Variability in the VHF and
UHF Land Mobile Radio Service. Review Elect. Com-
munic. Lab., 1968, vol. 16, no. 9-10, pp. 825—843,

104. Wells P. J. The Attenuation of UHF Radio Signal by
Houses. IEEE Trans. Veh. Technol., 1977, vol. 26,
no. 4, pp. 3568—362.

105. Bertoni H. L. Radio Propagation for Modern Wire-
less Systems. Prentice Hall PTR, New Jersey, 2000.

106. Seidel S. Y., and Rappaport T. S. 914 MHz Path Loss
Prediction Models for Indoor Wireless Communica-
tions in Multifloored Buildings. IEEE Trans. Anten.
Propagat., 1992, vol. 40, no. 2, pp. 200-217.

107. Yarkoni N., and Blaunstein N. Prediction of Propa-
gation Characteristics in Indoor Radio Communica-
tion Environments. J. Electromagnetic Waves and
Applications: Progress in Electromag. Research,
PIER, 2006, vol. 59, pp. 151-174.

108.Yu W., Ginis G., and Cioffi J. M. Distributed Multi-
user Power Control for Digital Subscriber Lines.
IEEE J. Select. Areas in Communic., 2002, vol. 20,
no. 5, pp. 1105-1115.

109. Scutari G., and Barbarossa D. P. P. Optimal Linear
Precoding Strategies for Wideband non-cooperative
Systems Based on Game Theory. Part II. Algorithms.
IEEE Trans. Signal Processing, 2008, vol. 56, no. 3,
pp. 1250-1267.

110. Scutari G., Palomar D. P., and Barbarossa S. Asyn-
chronous Iterative Water-filling for Gaussian Fre-
quency-selective Interface Channels. IEEE Trans. In-
formation Theory, 2008, vol. 54, no. 7, pp. 2868—
2878.

YK 621.371
doi:10.31799/1684-8853-2018-6-82-94

IBOJIIOIUA MHOTOIIPOLIECCOPHBIX CHCTEM CBSI3M — COTOBBIX ¥ HECOTOBBIX — B HCTOPUYECKOI mepcrnekTuse. Yacts 3

A. M. Ceprees?, crapiunii mpemnogasareiib, orcid.org/0000-0002-4788-9869
H. III. Brayrmreiin®, fokTop @us.-MaT. Hayk, mpodeccop, nathan.blaunstein@hotmail.com
aCaukTr-ITeTepOypreKuii rocyfapcTBeHHBIN YHUBEPCUTET a9POKOCMUUECKOro npudopocrpoenus, B. Mopckas yi., 67,

Caukrt-IleTepbypr, 190000, P

SHerepckuit yausepcuter um. Ben-T'ypuona, I1.0.B. 653, Ben-T'ypuona yu., 1, . Beap-Illesa, 74105, Vspanis

ITocranoBKa MpPoO6JIEMBI: IIEJIHI0 JaHHOT'0 0030pa ABJAETCA aHAJINS dBOJIOINY CUCTEeM O6€CIIPOBOHOI CBA3U OT BTOPOii reHepamnuu (2D)
o Ao remepanuu (5G), a TaKIKe NBMEHEHNUS TeXHOJIOTHI U UX CYIECTBYIOIIUX TEOPETHYECKUX OCHOB M IPOTOK0JI0B — OoT Bluetooth,
WLAN, WiFi u WiMAX no LTE, OFDM/OFDMA, MIMO u LTE/MIMO — npoJBUHYTBHIX TEXHOJOTHI ¢ HOBOI MepapXUYECKOU CTPYKTY-
poii fusaiiHa COTOBBIX KapT GeMTOo/INKO0/MUKPO/MaKkpo. MeToabI: NCII0Ib30BaAHbI HOBBIE TEOPETHUUYECKYEe IIOLXObI A1 OIIMCAHNS IPOLBU-
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HYTBIX TEXHOJOT U, TAKUX KaK MHOTI'OIIOJIb30BATEIHLCKAA TEXHUKA pasaeaeHus noab3osareseii, OFDM u OFDM HoBe#iuii moagxox, HOBbIE
acuekThl onucanus MIMO-cucrem Ha 6a3e MCIIOJIB30BAHUSA MHOTOJIYYEBBIX aHTEHH, IU3allH PA3JIMUHBIX COTOBBIX KapT Ha OCHOBE HOBBIX
aJITOPUTMOB IIOCTPOEHUs (heMTO/IINKO/MUKPO/MaKPO COT, a TaKKe HOBOI MeTogoJsiornu nuHterpupoBanusd HoBoit MIMO/LTE-cucrems ¢
IIOMOIIIBI0O MHOT'OJIYYeBbIX aHTeHH. Pe3yJbTaThI: CO3ZJlaHa HOBAs METOJOJIOTUA OIIMCAHUA MHOTOIIOJIH30BATEIbCKOTO Pa3/ieJIeHUA, UCII0JIb-
3oBaHua KoMOuHUpoBaHHON OFDM/OFDMA-Monyaanuu 4 o6X0KAeHN NHTeP(MEPEHIIUN MeXK/AY IT0Jb30BATeIAMU U MEXKAY CUMBO-
JlaMU B HOBBIX MHOTOIIPOIIECCOPHBIX CHUCTEMAaX, MYJIbTUILINKATUBHBIX IIIYMOB, UMEIOIINX MECTO B 0ECIIPOBOAHBIX MHOTOIIPOIIECCOPHBIX
CHCTeMaxX CBA3U, BHISBAHHBIX ABJIEHUAMU MHOI'OJIyYeBOCTUA. B mTOre mpeajoskeHo, Kak 060iTH 3¢ (}eKTh pacIpOCTPAHEHUA, NUMEIOIe
MEeCTO B Ha3eMHBIX KaHaJlaX CBA3U, UCHoab3ysa KomOuHanuio MIMO- u LTE-TexHoornii, OCHOBAHHBIX HA MPUMEHEHUU MHOT'OJYUYEBBIX
auTeHH. [y 9TUX Iiesell padpaboTaH HOBBIM CTOXACTUYECKHUN ITOAXO/ K IIpobJyeMe, YUUTHIBAIOIUI 0COOEHHOCTH 3aCTPONKHU 3€MHO 110-
BEPXHOCTHU, TaKHUe KaK IPO(PUIb 3aCTPONKH JOMOB, ILJIOTHOCTH 3aCTPOMKY JOMOB BOKPYT aHTEHH 0a30BO# CTAHIIUY U II0JIb30BATEJIEH U T. [I.
9T XapaKTEePUCTUKY ITO3BOJISAIOT B UTOTE OLIeHUTh 3(PMEKTHI (heIMHTa KAK MCTOYHUKA MYJIbTUILINKATUBHOTrO nryma. IlpakTudyeckas 3Ha-
YUMOCTbh: HOBas METOMOJIOTUA OIeHKY d3(P(HeKTOB, CO3JaHHBIX MYJIbTUILINKATUBHBIM IITYMOM, HHTEeP(EPEeHIINeH MeK Iy 0JIb30BaTeIAMN
¥ MKy CUMBOJIAMU, UMEIOIUMY MECTO B HA3€MHBIX CUCTeMaX 0eCIIPOBOLHOI CBA3M, II03BOJIAET IPOTHO3UPOBATH IPAKTUYECKYIE ACIIeK-
THI CYIIECTBYIOIIUX U HOBBIX MHOTOIIPOIIECCOPHBIX 0ECIPOBOAHBIX CHUCTEM CBA3U, TaKMe KaK €MKOCTh (KOJMUYEeCTBO) IIOJIb30BaTeleil u
cueKTpasbHad 3G (HEeKTUBHOCTH KAHAJIOB II0JIb30BaTeIeH IJIA PA3JINUYHBIX KOH(PUTIYypaIuil IOCTPOeHUA cOT — (eMTO/INKO0/MUKPO/MaKpo,
a Takske HoBedmiux Korpurypamnuii cucrem MIMO/LTE nna nocrpoeHud OyAyIux cucteM 4-ro 1 5-ro TOKOJIEHUN.

KaroueBsie c10Ba — €MKOCTb, 3aKPbITasA OJIb30BaTeIbCcKasa rpynmna, CSG, ycTaHOBIEHHOe CIIEKTpaabHOe 00o3HaueHue, DSA, dem-
TOCOTa, MYHKT (hemTomporecca, FAP, ypoBens cepsuca, GoS, KauecTBo cepBuca, QoS, MHKPOCOTa, MaAKPOCOTA, OTKPHITASI IT0Jb30BATE I b-
ckasd rpynmna, OSG, moTepu Ha IIyTHU PacIPOCTPAaHEHUs, INKOCOTA, BLIOOPOUHOE CIIeKTPaibHOEe 0003HaueHne, SSA, OTHOIIIEHNE CUTHAJIA K
mymy, SNR, BOTHOBOJHAS MO/IEJIb YIUIILI, CTOXaCTHYeCKAas MOEJIb TOPOICKOM 3aCTPONKY, OeCIIPOBOAHAS I0JIb30BaTeIbCKAasA ceTh, WiFi,
OGecripoBofHas ceTh MeTponoanu, WiMAX.
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NAMATKA AN ABTOPOB

ITocmynawuwue 6 pedarkyuio cmambvu npoxodsm 06sa3amesbHoe pey,eH3UposaHue.

ITpu HaTMYNY MOJIOKUTENILHON PEIleH3UN CTaThs PACCMATPUBAETCS PEJaKIIMOHHON KOJLJIeTen.
IIpunATas B meuaTh CTaThA HAIPABJIAETCA aBTOPY AJIA COTJIACOBAHUS PeJaKTOPCKUX ITpaBok. I1o-
cJIe COTJIACOBAHUSA aBTOP IPEACTABIACT B PeAAKIINIO0 OKOHUATEJIbHBIN BaPUAHT TeKCTa CTAaThHU.

IIpomenypsl cormacoBaHusA TEKCTA CTAThU MOT'YT OCYIIECTBISATHCA KaK HEIIOCPeACTBEHHO B pe-
JaKIHuHU, Tak 1 1o e-mail (ius.spb@gmail.com).

IIpu oTKJIOHEHUU CTAThU PEJAKIIU IIPEICTABIAET aBTOPY MOTUBUPOBAHHOE 3aKJII0UEHIIE U Pe-
IEeH3UI0, IIPU HeoOXOAUMOCTH JOPaboTaTh CTAThI0 — PeIlleH3u0. PyKoIlrcu He BO3BpaIatoTCs.

Pedakryus HypHaaa HANOMUHAENL, LINO OMBEMCMBEHHOCMb
3a 0ocmosepHOCMb U MOLHOCIb PEKIAMHBLY MAMEPUAL08 HeCYM PeKIamo0amenu.

94 7 VHOOPMALIMOHHO-YMNPABASIOLLIVIE CUCTEMBI 7 N 6, 2018



