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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
(2G) 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 4 and 5*® generation deployment.
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SU/MU MIMO technology embedded into
LTE network

(called also SIMO (single-input-multiple-output)-
LTE system).
Here, the layers can be defined as simultane-

However, even using a single-carrier (SC) or sin-
gle-user (SU) FDMA modulation technique for up-
link transmission and a SC-OFDMA technique for
downlink transmissions (see definitions in [147]), it
is difficult to provide a wide range of spectra allo-
cations of different sizes for each subscriber located
in various terrestrial conditions, as well as a sig-
nificant increase in spectrum efficiency compared
to previous 2G and 3G cellular networks. This can
be achieved only by combining Advanced FDMA
and OFDMA technologies with MIMO systems per-
formed on the basis of multi-beam or phased-array
antennas [135-143]. The LTE Release 8 was recent-
ly expanded from two to 4 antennas in downlink
spatial multiplexing from a BS, as shown in Fig. 26

ously transmitted streams of data to multiple UEs
using the same time-frequency resource. In such a
manner, any transmission of separate data streams
is distributed among desired layers. The pre-coder
matrix indicator (or selection suggestion matrix)
is needed to transfer the selected data for each de-
sired user (see details in reference [143]). The LTE
Release 9, as a new dual-layer transmission mode,
also was performed for supporting of up to 4 trans-
mitted antennas at the BS in downlink channel.
Now we postulate the following question: if
both LTE Releases 8 and 9 could be integrated with
MIMO, can such a combined LTE-MIMO system
satisfy the International Mobile Telephony (IMT)
requirements. Table 2 presents a comparative anal-
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SU-MIMO

MU-MIMO

B Fig. 26. Geometrical configuration of SU-MIMO and
MU (multiple user)-MIMO in integrated LTE-MIMO system

B Table 2. Requirements of IMT-Advanced (LTE Release
10) vs. LTE Release 8 system (extracted from Internet)

IMT-Advanced LTE
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ysis of these requirements with respect to those
that satisfy the deployments of LTE Release 8 sys-
tem. It is clear seen that, even giving better latency
for each UE, but using twice-narrower bandwidth,
Release 8 cannot support high-rate transmission of
data streams for each individual user. A fully-adap-
tive MU-MIMO transmission mode cannot be re-
alized in cooperation with LTE Release 8 and LTE
Release 9[132, 133, 142, 144].

Recently, a new MU-MIMO antenna system was
introduced called the Advanced LTE (A-LTE) or,
simply, LTE Release 10 [140-142]. We will intro-
duce this advanced technology since, as was men-
tioned in references [145], it is better equipped to
meet the requirements of the modern 4th generation
of wireless networks.

Asseen in Fig. 27, the LTE Release 10, or A-LTE,
can use at BS with at least 8 separate antennas for
downlink MU connections, whereas for uplink, up
to 4 UE antennas can be utilized. Here, a layer map-
ping supports the transfer of individual codes from
2 codebooks to each pre-decoding layer.

At the MU terminals, a de-mapping layer is used
for transporting to each individual user its desired
data codes. The use of a MIMO system at both end
terminals allows for:

— fast user channel estimation, selecting and
equalization;

requirement Release 8 — reliable cancellation of MU interference;
— simplification of complexity of the interfer-
Transmis- ence-aware receiver;
sion band- — Atleast40 | Upto 20 — reduction of the system’s detection comple-
— fitting of each single antenna of UEs in MIMO
Peak spectral DL 15 16 configuration;
efé;(z/eg;y, UL 6.75 4 — better implementation in the existing hard-
ware, and so on.
Control In works [134, 143, 145] were introduced the
plane Less than 100 50 scheduling algorithms, based on the geometrical
Latency, ms alignment at the BS, which can minimize the IUI
User plane | Less than 10 4.9 seen by each UE. In such a configuration, the pro-
posed interference-aware receiver was found as a
8 antennas
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B Fig. 27. Downlink transmission from BS arranged by 8 antennas to UEs in MIMO-LTE integrated network (rear-

ranged from [131, 140, 141])
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good candidate for the practical implementation in
MU-MIMO LTE Release 10 combined system.

To show the difference between the SU-SISO
(single user single-input-single-output), MU-MIMO
systems and the latter based on multi-beam anten-
nas, we schematically presented them in Fig. 28.
The first system is based on point-to-point single
BS and single UE antennas, whereas the second one
is based on multiple antennas from both side termi-
nals [146].

To show the efficiency of usage of combination
of MIMO/LTE network based on multi-beam anten-
nas with respect to SISO network, we present the
computations of a normalized maximum sum rate
I [in bits/s/Hz] of downlink based on the mathe-
matical algorithm fully described in [146]. In sim-
ulations, we account for a SU-SISO (that is, for
M =1, N=1), for a SU-SIMO (single user single-in-
put-multiple-output) (that is, for M =1, N =4), and
for a MU-MIMO (that is, for M =4, N = 4) integrat-
ed schemes (in the case of antenna correlated ele-
ments). The results of the numerical experiment are
shown in Fig. 29.

It is clear seen from the presented illustra-
tions that using the MU-MIMO system of various
input-output antenna elements integrated as an
example, with an Advanced LTE technology, it

is possible to increase the spectral efficiency and
the data rate in such an integrated MU-MIMO
network. Moreover, both SU-SIMO (or MISO) LTE
and MU-MIMO LTE integrated systems, with a
high correlation between transmitter and receiver
multi-beam antennas (Fig. 30), show better per-
formance in spectral efficiency and data stream
rate [146]. Thus, it can be seen that the LTE-SU
Rx gives low spectral efficiency and data rate with
respect to the MU-MIMO A-LTE system. The later
has a tendency to increase spectral efficiency and
data rate per several times with respect to the pre-
vious systems and this tendency increases with an
increase in SNR. With increase of amount of UE
antennas and BS antennas this difference becomes
more significant.

Finishing this paragraph, we should outline
that by controlling of number of elements of mul-
ti-beam antennas at the both end terminals, BS and
UEs, and a priory accounting for the real respons-
es of each channel on multipath fading phenomena
(by prediction of the real K-factor of fading) [148],
we show the same effects, as were obtained in [140,
142-145], where a set of precoding codebooks (from
one to several) was introduces for extension of the
LTE Releases 8 to 10, using MIMO configurations
with 2 or 4 transmitting antennas, or a dual-code-

Single user MIMO
Propagation channel

Adaptive
transnitter TX

Adaptive receiver Rx

MU-MIMO
Propagation channel 1

Adaptive
transnitter TX

Adaptive receiver Rx

Propagation channel 2

Adaptive receiver Rx

B Fig. 28. Single user SISO network (top panel) and multiple user MIMO network (bottom panel)
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B Fig. 31. LTE-MIMO network configuration based on
multi-beam antennas

Cellular
system
SU-MIMO
Multicast
anchor
Collaborative/Network
MIMO MU-MIMO

B Fig. 30. The proposed implementation of cellular,
LTE and SU/MU-MIMO systems into the integrated con-
figuration of future 4t generation network

book deployment [134] for MIMO configuration
with 8 transmitting antennas at the BS terminal.
What is important to notice is that the main lim-
iting factors that can decrease efficiency of the
proposed MIMO system integrated, for example,
with the Advanced LTE Releases from 8 to 10, ob-
served during numerical computations based on the
real experiment carried in built-up area, are the
K-factor of fading, as a response of each individual
communication channel on data transmission, and
number of antenna beams within each terminal of
the system, BS and UE.

Despite the fact that the approaches, proposed in
[134, 140, 142—145] can significantly reduce a total
LTE/MIMO system structure yielding a low-com-
plexity of signal processing against inter-user in-

terference, as was shown in [146], without account-
ing for derivation of the K-factor based on various
topographic scenarios of the built-up areas of ser-
vice, as well as for the effective configuration of
MIMO system based on multi-beam antennas [146],
it is impossible a priory predict data stream param-
eters and efficiency of each specific propagation
channel “hidden” in the whole system, based on
strict analysis of the channel response, and, finally,
increase efficiency of the proposed Advanced LTE/
MIMO-R10 network by managing and control of its
GoS and QoS.

Finally, following results obtained in references
[135-146], as well as the recommendations stated
there, we present the reader the following config-
uration of the SU-MIMO and MU-MIMO integrated
with Advanced LTE, “hidden” into the conventional
cellular-map scheme, as is shown in Fig. 31.

Such configurations can be extended for the
combined femtocell/picocell/microcell/macrocell
planning tool design (see Fig. 31).

These schemes can be considered as a best can-
didate of the convenient configurations that satis-
fied requirements of the 4th and 5! generation net-
works.

Summary

In Section 1, we introduced the reader into the
conventional and current techniques, technologies
and systems adapted for 214 (2G) and 34 (3G) gener-
ations of wireless networks, as well as the advanced
technologies and their corresponding protocols
used to utilize modern networks beyond 3G, such as
4th and 5th generations. A new generations, called
4*h (4G) and 5t (5G), were introduced, which are ex-
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B Table 3. IMT requirements for 4! generation vs. the last LTE Releases and WiMAX 15t and 274 generations of networks

IMT-Advanced LTE Wimax Wimax
requirement Release 8 LTE Release 10 1.0 2.0
Transmission
Bandwidth, MHz — At least 40 Up to 20 Up to 100 Up to 10 Up to 40
DL 15 16 16 6.4 15
Peak spectral
Efficiency, bps/Hz
UL 6.75 4 8.1 2.8 6.75
Control plane <100 50 50 50 30
Latency, ms
User plane <10 4.9 4.9 20 10

pected to be capable of providing wider bandwidth,
higher data stream rates, greater interoperability
accords various communication protocols, with-
out any collusion between them, user’s security
and non-collision communications between users,
that is, to provide significant increase in GoS and
QoS.

Thus, typical 2G standards as GSM (Global
System for Mobile Communications) operated at
900 to 1900 MHz frequency band, which used
TDMA/FDMA separate or combined digital modu-
lation techniques, have not satisfied the high-data
communication requirement. The Universal Mobile
Telecommunications Systems (UMTS) standards
that were related to 2.5G and 3G mobile systems,
dealt with higher voice capacity and higher-speed
digital data. The same parameters were expected
for 3G communication networks such as WPAN
(or Bluetooth), WiFi (or WLAN), WiMAX; all de-
scribed briefly above. Unfortunately, even inte-
grating and combined the existing 2G and 3G net-
works, technologies and protocols, was problematic
to achieve 200 Mbps—1 Gbps data rate, multimedia
(video and audio) applications, as well as termi-
nal’s heterogeneity related to significant decrease
of the network costs, greater mobile signal avail-
ability in a “jungle of noises” caused by multipath
fading.

For these reasonsin the 4th and 5th generations, a
physical layer was significantly broadened by serv-
ing a wide range of frequency bands (see Sections 2
and 3).

In our opinion, recently performed modern LTE
and LTE-A networks integrated with MIMO systems
based on multi-antenna (multi-beam or phased-ar-
ray) technology, briefly described in Sections 4, can
substantially improve 4G network spectrum effi-
ciency providing three kind of advantages with re-
spect to single antenna LTE system:

— transmit time diversity;

— beamforming;

— spatial multiplexing.

All these advantages are shown in Table 3.
Moreover, using spatial multiplexing, the number
of simultaneously transmitted data streams, as
well as the beam pattern for each transmitted data
stream, can be managed and controlled by the cor-
responding protocol to optimize the 4th and 5t net-
works’ capacity.

Therefore, such integration of a MIMO sys-
tem with LTE-A technology allows us to avoid, in
practice, all the drawbacks related to the previous
generations described above. It also allows design-
ers of modern 4t generation of wireless networks
improve their GoS and QoS, protecting against ISI
and ICI caused by multipath fading phenomena,
mentioned in Section 1, increase their frequency
spectral allocation, and finally, minimize bit error
rate and packet error rate. All these aspects fully
correspond to the main aim of the authors of this
book, that is, show the reader on how should be com-
pletely integrated all basic components of the wire-
less network:

— the physical layer, based on multipath fading
phenomena;

— signal processing, based on modulation tech-
niques;

— protocols and accesses of multiuser servicing;

— antenna design layer, based on performance of
multi-beam and phased-array antennas, and so on.

Of course, there are other components of each
wireless network — the architecture and electron-
ic circuits, based on different elements of the sys-
tem hardware, such as RAKE detector, correlators,
filters, and so on. These aspects are out of scope of
this special issue, and we refer the reader to the ex-
cellent books and articles presented below in bibli-
ography [4-9, 11-20].

Nel, 2018 N\

VH®OPMALIVIOHHO-YNPABASIIOLLINE CUCTEMBI N\ 69



NHD®OPMAUNOHHBIE KAHAALI 1 CPEAbI /

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. 284
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., Levitt B. K.
Spread  Spectrum Communications Handbook.
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 Commer-
cial 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. 284 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. doi: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 Em-
bedded WI-FI Module for Mobile Optic-Information
Systems. Vestnik, 2018, no. 4, pp. 26—29 (In Russian).

26. Vostrikov A., Balonin Yu., Kurtyanik D., Sergeev A.,
Sinitsyna 0. 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).

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 (ac-
cessed 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.

70 7 VH®OOPMAUVIOHHO-YNPABASIOLLVIE CUCTEMBI

7  Ne1, 2019



\ NH®OPMAUWNOHHBLIE KAHAABLI 1 CPEADI N\

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 Dis-
tributed Coordination Function. IEEE J. Select. Are-
as 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. Support
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 Supporting
Voice-over-IP (VoIP) Services. JJ. Wireless Communic.
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 Coomun., 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 Select-
ed 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.

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. IEEE
J. on Selected Areas in Comm., 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 Mutual
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. 4th 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

Nel, 2018 N\

VH®OPMALIVIOHHO-YNPABASIIOLLINE CUCTEMBI N\ V4



Laboratory Results using the V-BLAST Space-time
Communication Architecture. Electron. Lett., 1999,
vol. 35, no. 1, pp. 14-15.

68.Nabar R. U., Boleskei 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,
pPp- 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. 67-71.

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.
Theory, 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,
Dpp. 2429-2441.

80. Winters J. H. The Diversity Gain of Transmit Diver-
sity in Wireless Systems with Rayleigh Fading. I[EEE
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.

NHD®OPMAUNOHHBIE KAHAALI 1 CPEAbI /

83.Chandrasekhar V., Andrews J. G., and Gatherer A.
Femtocell Networks: A Survey. IEEE 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. I[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.

90.Kim R. 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. IEEE 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.

72 7 VH®OOPMAUVIOHHO-YNPABASIOLLVIE CUCTEMBI

7  Ne1, 2019



\ NH®OPMAUWNOHHBLIE KAHAABLI 1 CPEADI N\

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
Urban Communication Links. Radio Science, 2007,
vol. 42, no. 2, pp. 412—-427.

102. Katz D., Blaunstein N., Hayakawa M., and Kishiki Y. S.
Radio Maps Design in Tokyo City based on Stochastic
Multi-parametric and Deterministic Ray Tracing Ap-
proaches. 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. 358—-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.

111. WiMAX Forum. WiMAX System Evaluation Meth-
odology, V2-1, 2008. 230 p.

112. Eklund K., Marks R. B., Kenneth L., Wang S. and
IEEE standard 802.16: A Technical Overview on the
WirelessMANTM Air Interface for Broadband Wire-
less Access. IEEE Communic. Magazine, 2002,
vol. 40, pp. 98-107.

113. Ohseki T., Morita M., and Inoue. Burst Construc-
tions and Packet Mapping Scheme for OFDMA Down-

link in IEEE 802.16 Systems. Proc. IEEE Global Tele-
communic. Conf., Washington, DC, 2007, pp. 4307—
4311.

114. Sengupta S., Chatterjee M., and Ganguly S. Imrov-
ing Quality of VoIP Streams over WiMAX. IEEE
Trans. Comput., 2008, vol. 57, pp. 145-156.

115. So-In Chakchai, Raj Jain, and Abdel-Karim Tami-
mi. Scheduling in IEEE 802.16e Mobile WiMAX Net-
works: Key Issues and a Survey. IEEE J. Select. Areas
of Communicat., 2009, vol. 27, no. 2, pp. 156—171.

116. Niyato D., and Hossain E. Queue-aware Uplink
Bandwidth Allocation and Rate Control for Polling
Service in IEEE 802.16 Broadband Wireless Net-
works. IEEE Trans. on Mobile Comput., 2006, vol. 5,
no. 6, pp. 668—-679.

117. Cicconetti C., Erta A., Lenzini L., and Mingozzi E.
Performance Evaluation of the IEEE 802.16 MAC for
QoS Support. IEEE Trans. on Mobile Comput., 2007,
vol. 6, no. 1, pp. 26—38.

118. Taahol P., Salkintzis A. K., and Iyer J. Seamless In-
tegration of Mobile WiMAX in 3GPP Networks.
IEEE Communic. Magazine, Oct. 2008, pp. 74—85.

119. Etemad K. Overvew of Mobile WiMAX Technology
and Evolution. IEEE Communic. Magazine, 2008,
vol. 46, pp. 31-40.

120. Niyato D., and Hossain E. Integration of WiMAX
and WiFi: Optimal Princing for Bandwidth Sharing.
IEEE Communic. Magazine, 2007, vol. 45, no. 5,
pp. 140-146.

121. Nie J., Wen J., Dong O., and Zhou Z. A Seamless
Handoff in IEEE 802.16a and IEEE 802.11 Hybrid
Networks. Proc. Intern. Conf. on Convergence Inform.
Technol., 2007, pp. 24—29.

122. Nie J., He X., Zhou Z., and Zhou C. Communication
with Bandwidth Optimization in IEEE 802.16 and
IEEE 802.11 Hybrid Networks. Proc. Intern. Symp. on
Communic. and Inform. Technol., 2005, pp. 26—29.

123. Kinoshita K., Yoshimoto M., Murakami K., and
Kawano K. An Effective Spectrum Sharing Method
for WiFi/WiMAZX Interworking Mesh Network. Proc.
of IEEE Conf. WCNC, 2010, pp. 986—990.

124. Kinoshita K., Kanamori Y., Kawano K., and Mu-
rakami K. A Dynamic Spectrum Assignment Method
based on Call Blocking Probability Prediction in
WiFi/WiMAX Integrated Networks. Proc. of IEEE
Conf. WCNC, 2010, pp. 991-995.

125. Yang W.-H., Wang Y.-Ch., Tseng Yu-Ch., and
Lin B.-Sh. P. An Energy-Efficient Handover Scheme
with Geographic Mobility Awareness in WiMAX-
WiFi Integrated Networks. Proc. of IEEE Conf.
WCNC, 2010, pp. 996-1001.

126. SGPP. UTRA-UTRAN Long Term Evolution (LTE)
and 3GPP System Architecture. 2005. Available at:
http://www.3gpp.org/article/lte (accessed 15 August
2017).

127. Zyren J., and McCoy W. Overview of the 3GPP Long
Term Evolution Physical Layer. 3G Americas White Pa-
per, Doc. Number: SGPPEVOLUTIONWP, July, 2007.

Nel, 2018 N\

VH®OPMALIVIOHHO-YNPABASIIOLLINE CUCTEMBI N\ 73



128. 3GPP. TR 36.912. Feasibility Study for Further Ad-
vancements of E-UTRA (LTE-Advanced). 2009.
Available at: http://www.3gpp.org/article/lte-ad-
vanced (accessed 5 August 2013).

129. 3GPP. TR 36.913. Requirements for Further Ad-
vancements for Evolved Universal Terrestrial Radio
Access (E-UTRA) (LTE-Advanced). 2010. Available
at: http://www.3gpp.org/article/Ite-advanced (ac-
cessed 5 August 2013).

130. Ghosh A., Ratasuk R., Mondal B., et al. LTE-ad-
vanced: Next Generation Wireless Broadband Tech-
nology. IEEE Wireless Communic., 2010, vol. 17,
no. 3, pp. 10-22.

131. Parkvall S., Furuskar A., Dahlman E., and Research E.
Evolution of LTE Toward IMT-advanced. IEEE Commu-
nic. Magazine, 2011, vol. 50, no. 5, pp. 84-91.

132. Astey D., Dahlman E., Furuskar A., et al. LTE: The
Evolution of Mobile Broadband. IEEE Communic.
Magazine, 2009, vol. 47, no. 2, pp. 44—51.

133. 3GPP Technical Specification Group Radio Access
Network. Evolved Universal Terrestrial Radio Access
(E-UTRA), Physical Layer Procedures (Release 9).
3GPP TS36.213 V9.3.0, June 2010.

134. 3GPP Technical Specification Group Radio Access
Network. Evolved Universal Terrestrial Radio Access
(E-UTRA), Further Advancements for E-UTRA Physi-
cal Layer Aspects (Release 9). 3GPPTS36.814V9.0.0,
March 2010.

135. Ghaffar R., and Knopp R. Interference-aware Re-
ceiver Structure for Multi-user MIMO and LTE.
EURASIP Journal on Wireless Communications and
Networking, 2011, vol. 40, 24 p.

136.Li Q., Li G., Lee W., et al. MIMO Techniques in
WiMAX and LTE: A Future Survey. IEEE Commu-
nic. Magazine, 2010, vol. 48, no. 5, pp. 86—92.

137. Kusume K., et al. System Level Performance of
Downlink MU-MIMO Transmission for 3GPP LTE-ad-
vanced. Proc. of the IEEE Vehicular Technol. Conf.-
Spring (VTC ‘05), Ottawa, Canada, Sept. 2010, 5 p.

138. Covavacs I. Z., Ordonez L. G., Navarro M., et al. To-
ward a Reconfigurable MIMO Downlink Air Interface
and Radio Resource Management: The SURFACE Con-
cept. IEEE Communic. Magazine, 2010, vol. 48, no. 6,
pp. 22-29.

139. EU FP7 Project SAMURAI — Spectrum Aggression
and Multi-User MIMO: Real-World Impact. Available

NHD®OPMAUNOHHBIE KAHAALI 1 CPEAbI /

at: http://www.ict-samurai.eu/pagel001.en.htm (ac-
cessed 15 August 2017).

140. 3GPP TSG RAN WG1 #62. Way Forward on Trans-
mission Mode and DCI Design for Rel-10 Enhanced
Multiple Antenna Transmission. R1-105057, Madrid,
Spain, August 2010.

141. 3GPP TSG RAN WG1 #62. Way Forward on 8 Tx
Codebook for Release 10 DL MIMO. R1-105011, Ma-
drid, Spain, August 2010.

142. 3GPP TR 36.942 V10.3.0 (2012-06). 3rd Generation
Partnership Project, Technical Specification Group
Radio Access Network; Evolved Universal Terrestrial
Radio Access (E-UTRA); Radio Frequency (RF) Sys-
tem Scenarios (Release 10). June 2012.

143. 3G Americas white paper. 3GPP Mobile Broadband
Innovation Path to 4G: Release 9, Release 10 and Be-
yond: HSPA+, SAE/LTE and LTE-advanced, 2010.
Available at: ttp://www.4gamericas.org/documents/
3GPP_Rel-9 Beyond%20Feb%202010.pdf (accessed
15 August 2017).

144. Duplicy J., Badic B., Balraj R., et al. MU-MIMO in
LTE Systems. EURASIP J. on Wireless Communic.
and Networking, 2011, Article ID 496763, 13 p.
doi:10.1155/2011/496763

145. 3GPP TR 36.942 V8.4.0 (2012-06). 3rd Generation
Partnership Project. Technical Specification Group
Radio Access Network; Evolved Universal Terrestrial
Radio Access (E-UTRA); Radio Frequency (RF) Sys-
tem Scenarios (Release 8). June, 2012.

146. Zhang H., Prasad N., and Rangarajan S. MIMO
Downlink Scheduling in LTE and LTE-advanced Sys-
tems. Tech. Report, NEC Labs America, June 2011.
Available at: http://www.nec-labs.com/~honghai/
TR/Ite-scheduling.pdf (accessed 15 August 2017).

147. Sergeev A. M., Blaunstein N. Sh. Evolution of Mul-
tiple-access Networks — Cellular and Non-cellular —
in Historical Perspective. Part 1. Informatsionno-up-
ravliaiushchie sistemy [Information and Control Sys-
tems], 2018, no. 4, pp. 86-104. doi:10.31799/1684-
8853-2018-4-86-104

148. Lyandres V. Z. On a Model of the Deep Fading. Infor-
matsionno-upravliaiushchie sistemy [Information
and Control System], 2018, no. 1, pp. 123-127.
do0i:10.15217/issn1684-8853.2018.1.123

74 7 VH®OOPMAUVIOHHO-YNPABASIOLLVIE CUCTEMBI

7  Ne1, 2019



\ NH®OPMAUWNOHHBLIE KAHAABLI 1 CPEADI N\

YK 621.371
doi:10.31799/1684-8853-2019-1-65-75

GBOJIIOI.IPUI MHOTIOIIPOIIECCOPHBIX CUCTEM CBA3HN — COTOBBIX U HECOTOBBIX — B uc'ropuqecmoﬁ IIePCIIeKTUBE. Yacts 4

A. M. Ceprees?, crapinii mpemnogasaresib, orcid.org/0000-0002-4788-9869

H. III. BrayamTein®, fokTop Gus.-MaT. HAyK, mpodeccop, nathan.blaunstein@hotmail.com
aCaukT-IleTepOyprckuii rocyapCcTBEHHBIN YHUBEPCUTET a9pOKOCMUUYecKoro npubopocrpoenus, B. Mopckas yi., 67,
Caukr-ITerepoypr, 190000, P

SHeresckuit yausepcurer uM. Ber-TI'ypuorna, I1.0.B. 653, Ber-T'yprona yui., 1, Besp-Illesa, 74105, Mapanis

ITocTaHOBKA MPOOGJIEMBI: IIEJIHIO JaHHOT'0 0030pa ABJSAETCSA aHAJINS3 dBOJIOIUY CUCTEM OECIIPOBOLHOM CBA3U OT BTOPOi reHepanuu (2G)
1o nsroii rerepanuu (5G), a TakKe U3MEHEHU TEXHOJIOTUM U UX CYIeCTBYIOIIUX TEOPETUUECKNX OCHOB U IIPOTOKO0JI0B — oT Bluetooth,
WLAN, WiFi u WiMAX no LTE, OFDM/OFDMA, MIMO u LTE/MIMO — npoABUHYTHIX TEXHOJOTUH ¢ HOBOI NepapXUUYECKON CTPYKTY-
poit fusaiiHa COTOBBIX KapT GeMTOo/INKO0/MUKPO/MaKkpo. MeToAbI: NCII0JIb30BaHbI HOBBIE TEOPETUUYECKUE ITOAXOIbI IJIsI ONIMCAHUS ITPOJABU-
HYTBIX TEXHOJOIUH, TAKUX KaK MHOT'OIIOJIb30BaTEILCKAA TeXHUKA pasaeneHus noab3oareseir, OFDM u OFDM HoBeii1iunii mogxo/n, HOBbie
acrekTsl onucanus MIMO-cucrem Ha 6as3e UCIIOJB30BAHUSA MHOTOJIYYEBBIX AHTEHH, AU3alH PA3JUYHBIX COTOBBIX KapT HA OCHOBE HOBBIX
aJITOPUTMOB IIOCTPOEHUs (heMTO/IINKO/MUKPO/MaKpPO COT, a TaKKe HOBOI MeTogosioruu nHrerpupoBanusa Hopoit MIMO/LTE-cucremsbl ¢
TIOMOIIbI0 MHOT'OJIYUYeBbIX aHTeHH. Pe3yJbTaThI: CO3aHa HOBas METOJOJIOTHUA OIIMCAHUA MHOTOIIOIb30BATEILCKOTO Pa3IeIeHUA, UCIIOIb-
3oBaHus KoMOuHUpoBaHHONT OFDM/OFDMA-Moayasanuu s 00X0KAeHU NHTeP(MEPEeHIINN MeK/Y I0JIb30BaTeIAMU U MEKIY CUMBO-
JIaMU B HOBBIX MHOT'OIIPOI[ECCOPHBIX CUCTEMAX, MYJbTUILINKATUBHBIX IIIYMOB, UMEIOI[MX MECTO B 6ECIIPOBOJHBIX MHOTOIIPOI[ECCOPHBIX
CHCTeMaX CBA3U, BHISBAHHBIX ABJIEHUAMU MHOTOJIYUYeBOCTU. B MTOre mpenoKeHo, KaKk 000iTu 3(PpdeKThl pacIpocTpaHeHUd, UMEIIe
MeCTO B Ha3eMHBIX KaHaJaX CBA3U, UCIOJb3yd KomOuHanuo MIMO- u LTE-TrexHOI0THiI, OCHOBAHHBIX Ha IIPUMEHEHUN MHOI'OJIYUYEBbIX
aHTeHH. [[15 9TUX Ieseil padpaboTaH HOBBIM CTOXACTHYECKUH MOAX0 K IPobIeMe, YIUTHIBAIOIIINI 0COOEHHOCTU 3aCTPOUKY 36MHOI 110~
BEPXHOCTHU, TaKUe KaK IPO(GUIb 3aCTPOMKH JOMOB, IIJIOTHOCTb 3aCTPOMKH JOMOB BOKPYT aHTEHH 0a30BO CTAHIIUY U I0JIb30BaTEJIeH U T. 1.
ITH XapaKTePUCTUKY ITO3BOJISIOT B UTOTE OLleHUTh 3(DhEKTHI (heJUHTa KAK NCTOYHUKA MYJIbTUILINKATUBHOrO IrymMa. IIpakTuyeckas 3Ha-
YUMOCTb: HOBAsI METOMOJIOTUS OIleHKHU 3(D(PEeKTOB, CO3MAHHBIX MYJbTUILINKATUBHBIM IIIYyMOM, UHTEP()EPEeHIeil MeK Iy 0Ib30BaTeIAMMI
¥ MEXK]JY CUMBOJIAMHU, UMEIOIUMU MECTO B HA3€MHBIX CUCTeMaX 0eCIIPOBOAHOM CBA3Y, IIO3BOJIAET IIPOIHO3UPOBATH IPAKTUYECKUE aCIIeK -
THI CYIIECTBYIOIUX X HOBBIX MHOTOIIPOIIECCOPHBIX 0ECIPOBOAHBIX CHUCTEM CBA3U, TAaKMe KaK €MKOCTb (KOJIMUYECTBO) II0JIb30BaTeJeil 1
cuekTpasbHasa 3G (HEeKTUBHOCTH KAHAJIOB II0JIb30BaTeIeH IJIA PA3INYHBIX KOHQUTIYyPAI[Ui TOCTPOEHUA COT — (PeMTO/ITUKO0/MUKPO,/MaKpo,
a TakoKe HoBedIux KoHurypamnuit cucrem MIMO/LTE pis nmoctpoernus: 6yAyIux cucteM 4-ro u 5-ro MOKOJIeHUH.

KaroueBsie cjioBa — eMKOCTBh ceTH, pesusbl ceTu LTE, MHOKeCTBEHHBII BX0A-MHOKecTBeHHBIH Berxo 1 (MIMO), MHOTOIIOJIB30BATE I b-
ckuii (MU), oguHOYHBIN BXOA-0AMHOUHBIN BhIX0[ (SISO), oqMHOUYHBIN BXOA-MHOMKecTBeHHBIH BbIX0[ (SIMO), efmHCTBeHHAsA Hecylas
gacrora (SC), emuHCTBeHHBIN mosb3oBaresb (SU), moab3oBaTenbckoe obopynoBanue (UE), 6ecupoBopuas cerb WiFi, ropoackas Gec-
npoBogHad cetb WiMAX.
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