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Abstract. The performance of transmission Multi Input Multi Output (MIMO) beamforming for the multi
subscriber in large cell with effective channel throughput has been investigated. The work procedure was based on
singular value decomposition (SVD) using Single User (SU) in 3GPP Long Term Evolution (LTE). In LTE Single
User - Multiple Input Multiple Output (SU-MIMO) operation mode, the data of a single user is transmitted
simultaneously on several parallel data streams, using the available transmission resources, both in time and
frequency dimensions. The simulation comparisons with beamforming and without beamforming have been studied
for transmission in MIMO modulations. Despite the protection of information in LTE networks have their
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vulnerabilities. Planned for a more comprehensive analysis of statistical data and based on them to accurately
determine the feasibility of using various protective mechanisms 4G networks for different user groups.

Key words: LTE, MIMO, SU-MIMO, MU-MIMO, beamforming, throughput, Adaptive antenna.

Introduction

The main goal for wireless communication
technology system is to design a radio access network
with a high quality capacity and a wide coverage area
[Release 10], in the last few years, a huge development
had occurred to radio access for multiple antennas
among the energy efficiency.

The model of multiple antennas was studied by
Agilent technology [1]. The performance of adaptive
antenna system for coverage and capacity channel was
studied by Yasin, Liton [2], and the advantage
technology and enhancement were studied by Seymour
from Alcatel-Lucent [3] to understand the release 10 &
11 for LTE technology. For a MIMO beamforming, the
white paper from Spirent, 2012 [4] gave the principles of
the adaptive antenna.

The first LTE release 8, had covered up to 4
antennas, and the LTE-Advanced reached 8 antennas. In
this paper we used SU multiple antennas to improve

increase  throughput  transmission rate  with
beamforming,.

1. Adaptive Antenna Basics

1.1. Antenna System Architecture

The System Architecture Evaluation (SAE)

increases the data broadband efficiency and minimizes
the number of node station, such as Radio Network
Control (RNC), Support Node, and Gateway Serving.
The change of these items is due to the SAE Gateway
(GW) [1]. Figure 1 shows the architecture of LTE Radio
Access Network (RAN) [1].

The evolved Node B (eNB) is a base station and
the interface between it to direct the throughput data
with RNGC, interference S1, MME mobility management
entity (MME) and serving gateway SGW is X2.
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Fig. 1. LTE architecture with E-UTRAN [1]
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1.2. The Adaptive Antenna System (AAS)

The adaptive antenna transmutes and receives
energy between the device and the receiver. The
technology of AAS is a “beamforming”. This technology
considers the angle and focuses the direction with the
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antenna Radiation pattern for the multiple antenna base
station (BS).

Every BS will be used for multiple subscribers
with higher throughput to receive and transmit at the
same time over the sub-channels [2]. To increase data
rate transmission, the multi BS must be used for every
subscribe as shown in figure 2. The adaptive antenna
focuses the coverage area, capacity and direction with
higher data rate for LTE technology.

Fig.2. Multi-antenna with subscriber
2. MIMO Beamforming

Beamforming is the closed-loop transmit diversity
solution adopted for LTE downlink. It is based on code-
book precoding and beam forming is considered as a
particular case of spatial multiplexing with only one
code word and one layer. Thus, the layer mapping stage
is transparent.

LTE technology went to higher levels of
communication transmission. The Beamforming is
incorporation of two types of different multiple antenna
technology, which enable increasing data rate by
spectral bandwidth. The beamforming supports the
increase of coverage system, in other way Multi user
MIMO (MU-MIMO) shares high data rate between
multiple subscribers which increases the mnetwork
efficiency as illustrated in figure 3.
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Fig.3. MIMO/ Beamforming in Rel-10/11 [3]
2.1. Single MIMO Beamforming System

In MIMO, the system delivers a correlation
channel between the transmitter and the receiver of a
width of more than a half of the signal wave length [4,
5]. Figure 4 shows coordination MIMO beamforming.
The interference channel in beamforming including
spatial domain cooperation, beamforming design among
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cells for a predefined set of scheduled subscriber and
control allocated power in each cell on frequency/ time
resource of subscriber with energy flow.

In the LTE MIMO system, the increase of data
rate and of capacity throughput is our target which can
create beamforming with physically separating antenna
elements.

—0)

Energy

Information

Fig.4. Interference and energy flow in beamforming

The beamforming process combines the signal
from each antenna element multiplied by a complex
weight vector @. The output of a narrowband
beamformer is obtained by summing up the antenna
outputs

y(t)= 30,y (n) =w"y(n). )

Where y(n) is receive signal vector, P is receive
antenna index.

Therefore, the beamformer response, or array
factor, results as

Me o [—j%(p—l)d sind]

F(n)= Za)pe )

The complex weights (|w|) are computed by an
optimization algorithm that maximizes a certain cost
function, not necessarily the direction of the signal. A
beamforming that directs the beam toward the signal
needs to estimate the Direction of Arrival (DoA) by
applying the weights

[7j(p71)2—”d sind]
w, = wle 4 .

®)

There exist beamformers that optimize other cost
functions, such as the maximum SNR proposed in [9]
the MMSE, or the Least-Square (LS). These are referred
to as optimal beamforming. Instead of trying to solve
directly the equation for the optimal solution, iterative
approaches have been proposed, referred to as adaptive
algorithms.

These techniques are especially suited when the
mobile environment is time-variable, and the weight
vector (w") needs to be updated periodically.
Considering the problem of minimizing the MSE
between the received and transmitted signals, the cost
function is

J(W):E[‘WHy(n)—z(n)‘z]. 4)
Where E is error estimation.
The optimal weights for MMSE are expressed as
Wopt = R\;yl Mya- ®)
Where Ryy is the correlation matrix [M; X M;] of the
received signal, and 1yq is the cross correlation vector

between the transmitted data and the received signal.
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2.2. Radio Frequency (RF) in MIMO
Beamforming
The Beamforming is transmitted by the

interference patterns that’s mean the signal wave is
transmitted from two and more than spatial separated
points, and vice versa for the receiver side in the
beamforming technology. The RF wave signal comes
from the best directional antenna to enable the transmit
ion by other antenna separated from the first element.
The separation is half the RF carrier wavelength. Both
antenna elements carry signal data to be transmitted and
the signal power transmission will have the direction
pattern from 0 to +/-90 degree, figure 5.
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Fig.5. Radio Frequency in Beamforming [6]

2.3 Time Domain (TD) of Beamforming MIMO

Just MIMO beamforming has a spatial domain to
create multiple data stream, the time domain performs
duplexing, time division duplexing (TDD) it offers
several advantage over frequency division duplex (FDD)
system more than that is necessary.

For the single frequency band (Uplink “UL”,
Downlink “DL”) the time slot in each directive have a
seven frames structure (for the TDD fixed in resource
allocation and time division “TD”) as represented in [4].

Once upon a time FDD implementation
beamforming is a feedback loop from the terminal to the
transmitter of the DL channel.

The RF channel is a function of time, frequency
and space. For the DL/UL channel, they have the same
frequency dependent by space with time, and there is no
different between channel states from one time to the
next slot, this considered as channel estimation of
DL/UL characteristics.

The array of antenna elements is weighted in
order to shape the radiation diagram of the antenna
pattern. In beamforming, the choice of weights depends
on the algorithm used to optimize the radiation pattern
which explain in section 2.1. Here, the Minimum Mean
Square Error (MMSE) criterion it’s used to compute the
weights of the beamformer. The computation of weights
in beamforming requires the knowledge of the channel
coefficients. In slowly time-variant fading, the channel of
a downlink Time Division Duplex (TDD) system is
estimated in the uplink frame without loss of
performance. On the other hand, FDD systems require a
feedback channel to obtain the channel estimate at the
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transmitter side, since the array response is frequency
dependent.

3. System Model & Simulation

A multi-user Beamforming system is shown in
figure 6. It shows the downlink Single User (SU) and
Multi-User (MU) environment between base station (BS)
and Subscriber (K), the transmission antenna (N) and
each subscriber will connected with multi-antenna.

()= 305 (1) ©

H:

WAL

Helty 1

My

Hy

WicSk(n)

NEESTIRSES

Fig.6. Block diagram of the multi-user beamforming system [8]

Where

M, Is number of receiver antenna for the ith
subscriber.

S. Is transmitted data from Subscriber at

|
time (t).
W, Is Beamforming vector before transmission

over channel.

The Beamforming is a mix between antenna
technology and digital technology, the transmission
N x1 for x(n) broadcast over the channel, and the
receiver vector M, x1 at the ith subscriber is calculated

from the following equation:
K
y(t)=H D ws, (t)+z).
k=1
And the channel matrix H; is;
h(L)

)

h@N)

Ho=| |
h(M.D - h(M,.N)

The complex Gaussian for H; will be set of

variables with base station independent for i and unit-

variances [8]. There is an additive noise (z) . The signal
to noise ratio (SNR) for each user can be defined as
= }/a , for the channel estimation in TDD or FDD where

y is the standard deviation.

For a Single User Beamforming with a multi-
receiver antenna, we can write the following equation by
using equation (4):

y(t)=Hx+Z, (i=12,...K). 8)

Where the time is absent in equation (5). Using
the singular value decomposition (SVD) for channel
matrix, Equation (5) gives:

Hy =U Y V.. (9)
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Where U, eC™V, eC™, UU, =1 ,V,V, =1.
And Z is noise, C is the Channel, I is the identity
matrix and VY, is r*n matrix.

And for Random beamforming (RBF), equation
(8) and equation (9) will be:

Yo = Ukkaka- (10
The SU-MIMO RBF will be:
% =UHV,Ps, +U/Z,. (11)

Where keU , R, is the power allocation matrix; V, is a

random unitary matrix generation, and when

H, =U, AV, the formula will be:
B = A (VkHVb) RS + 2, (12)
Where A, is a diagonal matrix with SVD, and V,

is a random unitary matrix generation.
To modify V, to V,, the receiver must reject the

interferences in the transmitter weight vector. The
transmit antenna will affect the effective RBF control
channel and the supplementary precoder which are
included in the SU-MIMO BF, so that equations (8, 9) can
be written as

Yi :UF (Hka )VbPkSk +UkHZk- (13)

Where W, is supplementary precoder matrix,
which can be written

W:Wm 0
k 0 W, |

When the effective channel matrix H,
HW, and equal the value of U, A V", then the formula
will be

¥ =Ur'HV,Ps +UZ, =X, (V/V,)Ps +Z,.  (14)

equals the

The transmission and receive signal can be
calculate from the subscriber with beamforming MIMO.
The capacities of channels can be calculate according to
the power and SNR values. Interferences will be
calculating more perfectly between the transmitted
weight vectors.

4. Results

The of accomplishment MIMO beamforming has
been analyzing by using Matlab program depending on
Effective Code Rates equal to 1/3 with SU-MIMO
beamforming. To calculate throughput BF or no-BF, the
simulations were shown using a QPSK modulation and
16-QAM modulation.

Figures (7,8) confirmations a compression
between throughput and SNR for with and without
beamforming in two types of modulation. In figure 7
modulations QPSK was used, and in figure 8
modulations 16QAM was used, for two types of
modulation the throughput transmission with
beamforming was found to be better than without
beamforming. With using QPSK, a throughput was
bring into being when the SNR was zero. For 16QAM
the throughput with BF was found to be higher than
without BF.
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Throughput noBF vs. BF. Modulation scheme: 16QAM. ECR:1/43
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Fig.7. Throughput BF vs. no BF with QPSK modulation Fig.8. Throughput BF vs. no BF with 16QAM modulation
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Anv-1Ilypaigi M. T., Aav-3aa0i X. X., Pesnixo8 M.I, Xaanonin FO.IL ITidBuienna nponyckHoi cnpoMoxKHocmi Mepexi 3a
donomozoto MIMO-gopmybanna diazpamu cnpamoBanocmi

Amnomayia. Byia docaidxena nponyckHa cnpoMoxHicms cucmemu 3 Beauxoro kiavkicmio 6x00i6 ma Buxodib ( MIMO ) npu cpopmybarna
diaepamu cnpsamoBarocmi y Beauxitl Mepexci 3 echexmubroro nponyckHoto 30amuicmio kauasy. Poboma 6yaa 3acHobana Ha cuneyAApHOMY
poswaadanni ( SVD ), BuxopucmoByrouu Single User ( SU) 6 3GPP Long Term Evolution (LTE ). Y LTE Single User - Multiple Input
Multiple Output (SU- MIMO) - pexum pobomu, npu saxomy Oaxi 6i0 00HO20 KopucmyBaua nepeoaomscsi OOHOYACHO KiAbKOMA
napatessHuMy nomokamu 0aHux, BukopucmoByiouu docmynHi pecypcu Mepexi Ak 3a uacom mak i 3a uacmomoro. [lis nopibHAHHA
nponyckxol 30amHocni npoBedeHo MoleaoBanus 3 popmybannam diaepamu cnpamoBarocmi i Oe3 Hvoeo A 0Box mumniB mooyaayil
nepedaui nomoky. Hesbaxarouu na naabui sacobu saxucmy ingpopmayii 6 mepexcax LTE 6onu matoms cBoi ypasaubocmi. Ilianyenvca
npoBecmu Giavis 0emasbHutl AHAAI3 CMAMUCIMUYHUX OAHUX 1 HA IX OCHOBI MouHO BusHauumy OOUiAbHICHT BUKOPUCHAHHA PISHUX
3AXUCHUX MeXanismiB mepexc 4G 041 pisnux epyn kopucmybauib.

Katouo8i croba: LTE, MIMO, SU-MIMO, MU-MIMO, diaepama chpsamobanocmi, NponyckHa CHPOMOKHICHY, A0ANmMuBHA aHmeHa.

Anv-Illypaigpu M. T., Arv-3aadu X. X., Pesnuxo8 M., Xaanonun FO.WU. IloBviuenne nponycknoil cnocobnocms cemu ¢
nomouyvto MIMO-opmupoBanus ouazpammor Hanpabrennocmu

Annomayua. Boua uccaedoBana nponycknas cnocobrocms cucmemst ¢ MHoxecmBom 6x0008 u muoxecmbom Bbixo0o6 (MIMO) npu
hopmupoBanuu Ouaepammel Hanpabaenrocmu 8 kpynHou cemu ¢ 3gpghexmuBron nponyckHoi cnocobHocmulo kawasd. Paboma Obiia
ocHobana Ha cuteyasprom pasaoxenus (SVD), ucnoavsys Single User (SU) 6 3GPP Long Term Evolution (LTE). B LTE Single User -
Multiple Input Multiple Output (SU-MIMO) - pexum pabomsi, npu Komopom OdHHble OMl 00HO20 NOAB30BAMENS Nepedaronics
00HOBpeMeHHO HeCKOABKUMU NAPAAAEABHbIMU NOMOKAMU OAHMBIX, UCNOAB3YS 00CIIYNHble Pecypchl cemu Kak no Bpemeny max u no
uacmome. [l1a cpabHenus nponyckHol cnocodbHocnu npofedeHo Modeaupobanus ¢ ghopmupobanuem ouaepammsl HanpabieHHocmu u bes
Hee 1A 06yx muno8 modysayuu nepedauy nomoxa. Hecmompsa na umeroujueca cpedcmba saugumst ungpopmayuu 6 cemax LTE onu
umetom cbou yasbumocmu. Iaanupyemcsa npoecru bosee OemaibHblil AHAAU3 CIATMUCHIUYECKUX OAHHBIX U HA UX OCHOBe 1MOHHO
onpedeAuns 1eAecoobpasHoCHb UCHOAB3OBAHUA PASAUMHBIX 3AUSUTITHBIX MeXanu3mob cemeil 4G 04 pasauuHbix epynn novsobamenei.
KaroueBvie cr06a: LTE, MIMO, SU-MIMO, MU-MIMO, oduaepamma HanpabaenHocmi, NponyckHAas cnocobHocms, adanmubHasn
AHIMEHHA.
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