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Abstract— The performance of cooperative diversity with op-
portunistic beamforming is analyzed in rayleigh fading channels.
Cooperative communication is viewed as a method for increasing
diversity gain and reducing end to end path loss. The use of relays
can create a virtual antenna array so that it allows users to exploit
the advantages of multiple input multiple output (MIMO) tech-
niques. In this paper we show that opportunistic beamforming is
beneficial for cooperation transmission with multiple relays where
the main goal is a very low bit error rate (BER)of the system.
Simulation results confirm the effectiveness of opportunistic
beamforming with cooperative diversity techniques.

I. INTRODUCTION

In recent years, cooperative diversity is considered as a
potential transmit strategy for wireless networks. The basic
idea of cooperative transmission is to allow several transmit
nodes in the network to help in order to create a virtual
antenna array and exploit spatial diversity at the destination
[4], [5], [6]. It has been shown in the literature [7], [9]
that cooperative communication can avoid the difficulties of
implementing actual antenna arrays and convert the single
input single output (SISO) system into a virtual multiple
input multiple output (MIMO) system. In this way, coop-
eration between users allows them to exploit the diversity
gain and others advantages of MIMO system in a SISO
wireless network. Several protocols have been proposed to
achieve the gains promised by the use of node cooperation.
Two main relay protocols are widely known: amplify and
forward (AAF) and decode and forward (DAF). AAF means
that the received signal is multiplied by an amplification gain
and then retransmitted by the relay without performing any
decoding. In contrast to this, the signal is decoded at the
relay and re-encoded for retransmission in (DAF) strategy.
Most current research on cooperative transmission focuses on
protocol design and analysis, power control, relay selection
and cross layer optimization. Examples of these works, in
[8]the performance of AAF protocol and DAF protocol is
analyzed in terms of outage probabilities. In [7], a simple
novel scheme that selects the best relay between source and
destination based on instantaneous channel measurements is
proposed. In [3], the authors showed that full diversity can still
be achieved with systems where only the best relay is selected.
A study presented in [2] proposed performance metrics in a
closed form to show how exploiting adaptively the diversity
gain of the relay selection. A distributed game theoretical
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framework was proposed in [1] for multiuser cooperative
communication systems to achieve optimal relay selection and
power allocation. In [11], a theoretical analysis of probability
of collision in Racian channel for cooperative diversity scheme
is analyzed. Also, cooperation methods using distributed space
time coding are widely being studied [12], [13].

In this paper, we consider a cooperative AAF communica-
tion system in Rayleigh fading channels using opportunistic
beamforming (OBF) at the source. OBF is proposed in [10].
This technique induces random fading in a real system, where
the environment has little scattering and or the fading is slow in
order to implement multiuser diversity. In the proposed scheme
multiple relays are available but a single relay among a set of
N relays is selected. The received signals at the destination
according to maximum ratio combining rule.

The remainder of this paper is organized as follows: while
section II deals with a review of opportunistic beamforming
(OBF), section III presents the cooperative OBF signal model
with multiple relays and section IV derive the SNR analysis
followed by section V with simulations results. The paper
finally draws the conclusions in section VI.

II. OBF OVERVIEW

We consider a downlink system where a base station is
equipped with M transmit antennas communicates with K
users. Each of K mobile terminals has one receive antenna.
We note h;x(t) the complex channel gain from 7 antenna to
the kth user in time slot ¢. In time slot ¢, the same block x(t)
of symbols is transmitted from all of the antennas except that
it is multiplied by a complex number w;(t) = /a;(t)el%®)
at antenna %, for ¢ = 1,..., M;, such that Zf\itl a;(t) = 1,
preserving the total transmit power. The received signal at user
k is given by

Yk (t) = hi w(t)z(t) + ni(t) (1)

where
h,{ = [hlk(t), hgk(t), ceey hJ\Itk(t)]
is the channel vector and

w(t) = [Var e,

OZQ(t)ej92(t)7 . \/majeMt (t)]T

and ny(t) ~ N(0,0?) is the corresponding noise. The overall
channel gain is Al (t)w(t). The signal-to-noise ratio(SNR)of
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T
user kis SNRy(t) = “I’C(ZM We assume that the receivers

can perfectly track the overall(SNR)or effectively the fading
processes hy(t),, then the maximum long-term average sum-
capacity of the channel can be achieved by the transmission
strategy which schedules at any one time the best user.

III. SYSTEM MODEL

We consider an amplify and forward (AAF) cooperative
diversity system. We focus on the communication model
depicted by 1, with one source denoted s, one destination
denoted d, and one or more relays denoted r = 1,2,..., N.
In this paper, we consider that the source is equipped with
M, transmit antennas and uses the opportunistic beamforming
technique for transmission and we assume that each wireless
channel between nodes has independent Rayleigh fading. The
r-th relay has M, antennas that are used for reception on the
s-r link and transmission on the r-d link, and the destination
has M, receive antennas. We restrict ourselves to the case of
M, = M, = 1 for simplicity. A single relay among a set of NV
relay nodes is selected, depending on which relay provides for
the “best” end to end path between source. The source node
transmits during the first phase and the relay node transmits
during the second phase. The relay amplifies the received data
before retransmitting it to the destination. The signals from
the source node and from relay node are combined at the
destination using maximal ratio combining rule (MRC). In
the first phase, the source broadcast a pilot signals in order
to estimate the instantaneous SNR of the IV relays. The best
relay r which has the maximum instantaneous SNR is selected
for cooperative transmission. The selection of relay is done in
quick fashion, well before the channel changes again. Then,the
transmitted signal is received by relay and the destination. The
source-relay r signal model y,, is given by:

Ysr = hqj:wxs + Ngp, T = 1327 7N (2
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where

R = [hy, (1), hor(t), ..., hag,e (1)]
is the channel vector and
w(t) == oq(t)ejal(t), ozg(t)ejozm, oV o, (t)ejeMt(t)]T

we note HBF the overall channel gain:

HBE = pTw,r=1,2,...,N (3)
and the source-destination signal model y44
Ysa = hqwis +nyg “)
where
hY = [h1a(t), haa(t), ..., har,a(t)]
is the channel vector and
w(t) = [Vai(t)e?" W \ay(t)ed®2 W L \Jany, (t)ed e D]

is the beamforming vector.
we note H S%F the overall channel gain:

=hEw 5)

where Al is the channel gain matrix of source-relay r path
and hY is the channel gain matrix of source-destination path,
xzs is the modulated transmitted symbol, and ng,. and ngg
are the respective channel noise drawn from an ensemble of
1id complex Gaussian random variables with zero mean and
variance o2, and o2, During the second phase the selected
relay r amphﬁes the message by a gain (3, and retransmits it
to the destination.

Ty = ﬁrysr (6)

an

(7

denotes the energy of the transmitted

d
By = E—T =1.92 N
r = |H£F2£S+203T7T— g Ly enny
]

where & = E[|zs)?
power.
The 1-th relay-destination y,, signal model is given as:

N (8)

where h,q is the channel gain vector of relay r-destination
path and n,.q is the channel noise with variance o2, .

Yrd = hray + Neq, 7 =1,2,...,

IV. SNR ANALYSIS

The instantaneous signal to noise ratio (SNR) of the com-
biner output is:

(€))

where 7, is the instantaneous channel received Signal-to-Noise
Ratio (SNR) over the direct link and it is defined as:

_ [hal*és

s =

YMRC = Vs + Vr

(10)
20§d
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Fig. 2. BER performance of cooperative AAF system using OBF with
different number of relays.

and -, is the instantaneous Signal-to-Noise Ratio (SNR)
observed at the destination over the multi-hop link:

BPHGE | hral*€s

= 11
T BlhgalP202, + 207, o
For a QPSK modulated signal this will change to:

BER = Q(v/2vmrc) 12)

V. SIMULATION RESULTS

In this section, we evaluate the performance of our scheme
in terms of end-to-end BER at the destination as function of
SNR for slow fading Rayleigh environments. The simulation
is conducted for M; = 4,6 transmit antennas at the source
and M, = My = 1 antennas at the relay and the destination.

In the first part, the number of the relays is varied to see the
effect on the performance of the system. For all the simulations
one relay is selected for cooperative transmission and at the
destination the received signals are combined according to
MRC rule. Figure 2 shows the average bit error rate (BER)
versus SNR for different number of the relays, N = 2,4, 6, 10.
The simulation is conducted for M; = 4 antennas at the
source. The best relay which has the maximum instantaneous
SNR is selected. We can clearly see that the BER decrease
when the number of relays increases. This is due to the fact
that the performance of opportunistic beamforming (OBF)
increase when there is a large number of users (relays) in the
systems. This is because an additive relay augment the proba-
bility that there is a relay whose instantaneous channel vector
matches the beamforming vector and can thus benefit from
the array gain to minimize the end to end BER. We also note
the superior performance in terms of BER compared to non
cooperative system which is represented in this figure by SISO
curve. In the same figure, we can see the improvement of the
proposed schemes compared to the conventional cooperative
system without OBF technique.
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Fig. 3. BER performance of cooperative AAF system using OBF with
different number of transmit antennas.
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Fig. 4. BER performance as function of number of relays in the system at
10 dB SNR

Figure 3 displays the average bit error rate (BER) versus
SNR for different number of antennas at source M; = 4,6.
The number of relays is fixed at N = 3. Adding an antenna
at source which uses opportunistic beamforming technique
increase the diversity order of the system. For example, the
value of BER from simulation for M; = 4 and N = 3 at
SNR=15dB equals 4 x 10~°, while for M; = 6 and N = 3
is 2 x 1075, We note also that the performance in terms
of BER of the proposed schemes is superior compared to
non cooperative system and conventional cooperative system.
Figure 4 shows the average bit error rate (BER) versus number
of relays at SNR=10 dB. Only one relay which has the highest
SNR is used for transmission. Similar observations about
cooperative diversity gain can also be made. Diversity benefits



of cooperative transmission appear as faster decrease the BER
with number of relays present in the system. For instance,
increasing the number of relays (/V), from 1 to 4, reduce the
BER from 2x 1072 to 9x 10~ without any additional channel
resources.

VI. CONCLUSION

In this work, we studied the performance of a coopera-
tive AAF communication system using opportunistic beam-
forming (OBF) technique at the source and multiple relays
and operating over Rayleigh fading channels. The best relay
which has the maximum instantaneous SNR is selected for
transmission. It should be emphasized that the best relay
selection scheme has a strong advantage in saving the channel
resources compared to cooperative diversity with multiple
relays. Simulations results showed that the performance of the
proposed scheme is superior to that of non cooperative system
and conventional cooperative system and the improvement
by opportunistic beamforming becomes larger as the number
of relays increases and/or the number of transmit antennas
increases. This is because an additive relay augment the
probability that there is a relay whose instantaneous channel
vector matches the beamforming vector and can thus benefit
from the array gain to improve the system performance.

REFERENCES

[1] B. Wang, Z. Han, and K. J. Ray Liu, Distributed relay selection and
power control for multiuser cooperative communication networks using
Stackelberg game, IEEE Trans. Mobile Comp., vol. 8, pp.975-990, July
2009.

[2] S.S.Ikki and M.H.Ahmed, Performance analysis of multi-branch decode-
and-forward cooperative diversity networks over nakagami-m fading
channels, in Proc. IEEE Int. Conf. Commun. (ICC), 2009.

[3] Y. Zhao, R.S. Adve and T.J. Lim, Improving amplify-and-forward relay
networks: optimal power allocation versus selection, IEEE Trans. Wire-
less Commun., vol. 6, pp. 3114-3123, Aug. 2007.

[4] A.Sendonaris, E.Erkip and B.Aazhang, User cooperation diversity part I:
System description, IEEE Transactions Communictions, vol.51, pp.1927-
1938, 2003.

[5] A.Sendonaris, E.Erkip and B.Aazhang,User cooperation diversity part
II: Implementation aspects and performance analysis, IEEE Transactions
Communictions, vol.51, pp.1939-1948, 2003.

[6] G.Kramer, M.Gastpar and P.Gupta, Cooperative strategies and capacity
theorems for relay networks, IEEE Transactions on Information Theory,
vol.51, no.9, pp.3037-3063, September 2005.

[7]1 A.Bletsas, A. Khisti, D.PReed and A. lippman, A simple cooperative
diversity method based on network path election, IEEE Journal on
Selected Areas in Communication, vol.24, pp.659-672, Mar.2006.

[8] J.N.Laneman,D.N.C.Tse and G.W.Wornell, Cooperative diversity in wire-
less networks, 1EEE Trans.Inf.Theory, vol.51, no.12, pp.3062-3080,
Dec.2004.

[9] K.Azarian,H.E.Gamal and P.Schniter, On the achievable diversitymulti-
plexing tradeoff in half-duplex cooperative channels,JEEE Trans. Inform.
Theory, pp.4152-72, 2005.

[10] P.Viswanath, D.Tse, and R.Laroia, Oppotunistic beamforming using
dumb antennas, IEEE Trans.Inform. Theory. 48 (2002), no. 6,pp.1277-
1294.

[11] N.Milosevic, B.Dimitrijevic,P.Petrovic and Z.Nikolic, Performance anal-
ysis of a cooperative diversity scheme in Rician fading channel, Telfor
Journal, Communication Theory, vol.1, no.2, 2009.

[12] J. N. Laneman and G. W. Wornell, Distributed space-time coded
protocols for exploiting cooperative diversity in wireless networks,JEEE
Transactions on Information Theory, vol. 49, no. 10, pp.2415-2426, 2003.

[13] S. Yiu, R. Schober, and L. Lampe, Distributed space-time block coding,
IEEE Transactions on Communications, vol. 54, no. 7, pp.1195-1206,
2006.

407




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


