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Performance of MIMO VBLAST-OFDM in Ka-Band
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Technological  advances Aba;zc;lowed theuse  of Ka- Our study is basgd on first point on the. architecture .of
band for transmission in 30 GHz uplink and 20 GHz at downlink. MIMO-OFDM, in second point the encoding and decoding
The use of Ka-band has advantages over lower frequency bands; it VBLAST applied to the signals, and in thirst point the
allows a wider bandwidth and therefore a greater flow to pass. characteristics of the Ka-band satellite transmission.
In addition, multibeams technology allows a wide reuse frequency, Finally, simulation results of our study which clearly
thereby reducing significantly the cost of the spectrum. In this Ka- show the improvement provided by the MIMO-OFDM.

band (20-30 GHz), quality of service can be degraded by the
effects of effects of propagation through the atmosphere. We
have proposed in  this paperthe MIMO OFDM-VBLAST 2. MIMO-OFDM sYSTEM
technique for Ka-band application to improve performance. The
simulationis ~ based  onthe  studyof effect ofthe Increasing of the size modulations or the frequency band
d;a””.e' altte.”“at'on I(ra";] ha”.d gas) in fth? Ka-band S'g”a:' used are the only solutions to increase the flow of data in a
The simulation resu_ts S OWt_ e |r_nportance 0 _usmg our proposal, single antennas system. In multi antenna M|MO, the
where performance is determined in terms of bit error rate BER. . . . e
Keywords: MIMO Systems, Ka band, OFDM Modulation, Satellite capacity Increas_es linearly W'th th_e '?”mber of transmitting
Transmission. antenna, exceeding the theoretic limit of Shannon [3]. The
systems have an additional advantage because they
1. INTRODUCTION resist fading and interference.
MIMO-systems are considered as a technology capable
In the context of future satellite  communications systems, of solving the problems of congestion and capacity
deployment of Ka-band presents a necessity [1], particularly limitations of wireless broadband networks.
because of the saturation bands L, C and Ku.
This operation offers the advantage of wider channels that 2.1 MIMO device
support a greater number of users. It also reduces the size of

the user terminalas well asthoseof theantenna.  Fig.1 shows the pattern of transmission MIMO (Multiple
Nevertheless,  the  exploitation  of the Ka-band s input Multiple output); it is to send packets to different
accompanied by certain disadvantages mainly  associated antennas that emit at the same frequency. Upon
with more severe propagation conditions. In comparison with receiving the signals are combined and processed by a
the Ku band, the Ka-band signal received may be subject to processor MIMO containing very powerful calculate
strong  attenuations result ~ of weather  disturbances. algorithms.

For example, Ka-band attenuation can exceed ten dB
following heavy rainfall to overcome these problems; a

e R > i ) syste =
MIMO diversity technique is used [2]. The transmission T systom m-rele;ﬂ/ h, j) q/

channel is the central problem that must be —_— | Mo
addressed in different  transmission  solutions proposed. i V \Rkecei“efl processor k.
When sending a symbol through the channel, it will be e j|’ |
received in the form of delayed and attenuated versions super > Transmitter2 | Rmim;ﬁ_!:-j
imposed, which can generate interference between symbols Y iﬁ Detslacy
transmitted, for this we  must use techniques such as i :
transmission TDMA, FDMA, CDAMA, OFDM and MC- ' SRRSO Beorteer
CDMA. Fig.1: MIMO device
To maintain high flows and cancel the interference between Channel capacity is given bv:
symbols, we studied the association of  the technology pacity 15 9 y:
MIMO with OFDM Modulation, which consists of a parallel C =log, det{l W HEHH }
transmission of data with sufficiently long periods, and we M 1)
also introduce the coding VBLAST to ensure the quality of H: the complex gain of the channel.
transmission. M: MIMO block size.
This technique is widely used in wireless networks such as p: average SNR.
WIFI (802.11n), WIMAX, and it can also be used C: channel capacity in bps / Hz.
for satellite transmission (DVB-S2, DVB-SH...).
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2.2 Modeling of a MIMO-OFDM: 3. VBLAST-OFDM Coding
We consider a MIMO system using OFDM modulation, The coding principle VBLAST is to transmit each Nt time
where the transmitter and receiver are provided respectively [5].
with Nt and Nr antennas.
The antennas are disposed of the most commonly used,
known in English Uniform Linear Array (ULA) [4], that is to — s j@
say they are aligned and evenly spaced. The relative distance o [T
between two adjacent antennas is given by: . o
A=1/2) 2 g sy
Where ) is the wavelength. Data ’[Chann31+ g = SPIL
Fig2 describesthe diagram of aMIMO/ OFDM; in SOV [P coding 7| 7 ;
transmission we have the following stages: g : N
e Serial parallel conversion of P size to obtain blocks " 5 . 'r. E“J::
of P symbols. sp 1L T G
e Inverse Fourier transform of P size. — =N

Inserting a guard interval of D size at the beginning

of the end block where the block is copied.

In reception, the dual operations are performed:

e Conversion parallel series.

e Conversion series parallel of P size to obtain blocks
of P +A symbols.

e Remove the guard interval corresponding to the first
samples of the block.

e Direct Fourier Transform of P size.

Conversion parallel series.

Fig.3: VBLAST-OFDM Transmitter

4. VBLAST-OFDM Decoding

delete PC - : DETECTOR
FT i) V-BLAST 1

DETECTOR
V-BLAST 2
-

i
Decoding data

|- |-

‘ channel Destination

CHANMEL Time and

ESTIMATION freque.ncv. Pp——
synchronization
Fig.4: VBLAST-OFDM Receiver
DIGITAL DIGITAL MODULATION
-

P —— wmmtm Fig.4 shows the block diagram of a receiver V-BLAST-

OFDM. Each receiving antenna receives a signal for each
of the L sub channels [5]. After the cyclic prefixis
removed, each received signal is passed through a bloc
FFT operation for demodulation.

¢ The received signal after demodulation at the receiving
antenna j for sub-channel I is given by:

Nt
Yiil = ZH i X 0y
=1 3)

where h;j, is the normal path complex gain of transmitting
antenna i to receive antenna j at the frequency I, x;, is the
OFDM symbol transmitted from antenna i at frequency |,
and the nj are independent Gaussian noise samples. The
Fig.2: Model of MIMO-OFDM (Nt*Nr) system outputs of FFT blocks are passed through the L-VBLAST
detectors, each with Nr inputs, and Nt outputs. The outputs
of the VBLAST detectors are converted to sub-parallel
streams into a single serial stream of data. Finally, the data
is decoded by the channel decoder.

ConversionP/S N :1

delete PC - : DETECTOR
FFT i | vBrasTL
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5. OFDM Modulation and demodulation
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Fig.5: Diagram of OFDM modulation and demodulation

To distribute the data to be transmitted on the N carriers,
symbols are grouped in bundles of N.

The complex numbers ¢y are defined [6] from the bits by a
constellation often QAM and PSK:

j 2 7f
c e’ @

The total signal s (t) is the set of N symbols reassembled in
an OFDM symbol:

N-1 )
S(t)=) cel?™
K=0 (5)

The received signal is written over symbol durationT,:

N-1
y(t) — ZCK H ‘ (t)ezjzr(fo+K/TS)
©

H, (t) Is the channel transfer function around the
frequency and time t.

6. KA-Band propagation

With the use of Ka  band  frequency,  atmospheric
phenomena frequency, related to wave propagation,
become very important and severely limit system
performance. These mitigations, contributing heavily to the
degradation of  satellite  signalsinthe Ka  band,
are caused by atmospheric gases, clouds and precipitation
[7]. The rain is the dominant phenomenon of attenuation in
the frequency bands above 10GHz (ex Ku, Ka) causing
significant decreases in signal quality.

6.1 KA-Band attenuation

The rain is the phenomena that most affects the quality of
Ka-band signals which we studied its decay with the gas in
this article:

6.1.1 Attenuation by rain
e Rain causes absorption and scattering that give rise
to a weakening depends on the intensity of the
precipitation and the frequency.

e The relationship between the linear attenuation y,
(dB/Km) and intensity of rainfall R(mm/h) given

by ITU-RP :
Yr = a.R? )

Table I: a and b for different frequencies

F(GHz) | a b

1 0.000038 | 0.912

10 0.0101 1.276

20 0.0751 1.099

30 0.187 1.021

40 0.350 0.939

Fig.6 shows an example of a time series of attenuation
by rain in the Ka band (measured for a fixed point on the
ground).

Attenuation (dB)

30 - |

25

m | N

Fig.6: Example of time series of rain attenuation in Ka band.

6.1.2 Attenuation due to gas

Oxygen, in particular, is the gas component that most
affects the quality of Ka band signal. Its effect is more
substantial at low temperature.

For example, in a Europe a climate and at a frequency of
30 GHz the oxygen attenuation average is around 0.2 dB.

8. Simulations:
This section presents the results of simulations of the
system proposed in this paper (MIMO-OFDM-BLAST);

improvement brought by the use of this combination in
the Ka band is shown in the figures in terms of BER.
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8.1 Simulation Parameters

The main characteristics of a Ka band satellite channel
are the atmospheric attenuations (gas end rain), that

we introduce in our simulations.

We chose frequency of 29.7 GHz which is included

in the interval [20, 30] GHz, an elevation of
10 °, latitude of 70  degrees,
vapor from 20g/m3.

The evaluation of a communication system transmission
quality is represented by two variables: the BER (Bit-Error-

rate) and SNR (Signal to noise).
e  The type of modulation used is QPSK,

a concentration

The number of OFDM subcarriers is 512
The number of pilot OFDM is 32.

Nt (number of transmit antennas) is
Nr (number of receive antennas) is
respectively.

8.2 Performance systems
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Fig.7: SISO-OFDM in Ka-band
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The performance study of Ka band signal shows that the
attenuation of the rain and gases affect the transmission quality,
for example in thecase of SISO-OFDM, BER reaches a
value of approximately 10™° for an SNR equal to 11dB.

The transition to two reception  antennas (SIMO-
OFDM) allows for minimizing BER reaching the value
10 * for an SNR equal to 11dB.
The use of MIMO-OFDM technology allows a
significant improvement in signal quality,
Example: for two transmitting and receiving
antennas respectively, BER is 10 for an SNR equal
to 11dB and four transmitting and receiving antennas,
itis 107,
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9. Conclusion

The Ka-band signal undergoes attenuations degrading air
quality. To remedy this problem, we have proposed in this
paper, MIMO-OFDM-VBLAST systems.

This compensation  technique allowed  us  to see the
improvement of signal quality in terms of bit error rate, by
increasing the number of transmitting and receiving antennas,
and using anumber  of subcarriersequal  to 512
and an encoding type to ensure transmission. The use
of turbo codes is another issue for future investigation.
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