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레일레이 페이딩 채널에서 MRC/GSC 수신하는 DOT 
릴레이 시스템의 성능 

Performance of DOT Relay System with MRC/GSC receiver in 

Rayleigh Fading Channels

김남수*

Nam-Soo Kim

요  약  기회전송 시스템은 소형 단말기에 다수의 안테나를 장착하지 않고 무선 채널에서 발생되는 페이딩을 완화할 
수 있기 때문에 많은 주목을 받고 있다. 기회전송 시스템에서는 소스로부터 수신된 신호 대 잡음비가 임계값보다 큰 
릴레이만 목적지로 송신한다. 그러나 현실적인 시스템에서 목적지의 수신 가지 수는 고정되어있기 때문에 송신 릴레
이 수가 수신 가지보다 많으면 시스템 성능을 개선하지 못할 뿐 만 아니라 전력소모도 증가한다. 따라서 이 논문에서
는 평균 송신 릴레이수를 조정할 수 있는 DOT 협동 다이버시티 시스템을 이용한다. 비록 DOT 시스템에서 두 개의 
임계 치를 조정하여 평균 릴레이 수를 조정한다고 하여도 무선 채널의 페이딩 현상으로 순간 송신 릴레이의 수는 가
변된다. 그러므로 릴레이로부터 송신되는 신호의 수에 따라서 목적지에서 최대비 결합(MRC) 또는 일반 선택 결합
(GSC) 방법을 제안한다. 제안한 시스템의 오수신율을 폐쇄형으로 유도하였다. 해석결과 시스템의 성능은 수신 가지 
수에 따라서 향상됨을 알 수 있었다. 그리고 수신 가지 수가 고정되어있을 때, 소스-릴레이 경로 및 릴레이-목적지 경
로의 평균 SNR이 증가함에 따라서 오수신율이 감소하였다. 

Abstract  Opportunistic transmit cooperative relaying (OTR) system has been interested for its ability to mitigate 
the fading in wireless channel without multiple antennas in a small terminal. In OTR system, only the relays 
that the received Signal-to-noise ratio (SNR) from a source is greater than the threshold transmit to the 
destination. However, the receiving branches of a destination in a realistic system is fixed, the excess number of 
signals from the transmit relays does not improve the system performance and consequently increases power 
consumption. In this paper, we adopt Double Opportunistic Transmit (DOT) cooperative diversity system which 
controls the average number of transmit relays. Although the average number of the transmit relays can be 
controlled by adjusting the two thresholds in DOT system, the instantaneous number of transmit relays is 
varying in fading channel. Thus we propose Maximal Ratio Combining (MRC) or Generalized Selection 
Combining (GSC) according to the number of the signals from relays at the destination. The outage probability 
of the proposed system is derived in closed form. The analytical results show that the system performance is 
improved with the number of the branches. Also it is noticed that when the number of the branches is fixed, 
the outage probability decreases with the increase of the average SNR of S-R path and R-D path.
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Ⅰ. Introduction

Ad-hoc networks have focused on key technology 

for next generation wireless systems. However, the 

power consumption of wireless ad-hoc networks is 

critical to maintain network lifetime and communication 

reliability. Recently, cooperative diversity has been 

applied to wireless ad-hoc networks to reduce power 

consumption and improve system performance by 

mitigating the fading effects of wireless channels[1]. 

Moreover in an opportunistic transmit cooperative 

relay system, only the relays that the received SNR is 

greater than the threshold transmit to the destination 

for more efficient use of the limited system power and 

the communication resources. In a realistic 

opportunistic transmit cooperative relay system, the 

receiving branches in a destination is usually fixed. S. 

Ikki analyzed the performance of a cooperative 

diversity networks which have limited branches at a 

destination using Generalized Selection Combining 

(GSC)[2]. However when the number of the received 

signals from the transmit relays exceeds the number of 

the branches at a destination, the excess number of 

signals does not improve the system performance and 

consequently increases power consumption.

In this paper, we adopt Double opportunistic 

transmit (DOT) cooperative system which can control 

the average number of transmit relays to prevent 

excess number of transmit relays by adjusting the 

thresholds[3]. Though the average number of the 

transmit relays can be controlled in DOT system, the 

instantaneous number of transmit relays is 

continuously changing in fading channel. Thus we 

adaptively introduce Maximal Ratio Combining (MRC) 

or Generalized Selection Combining (GSC) at the 

destination according to the number of the received 

signals from the transmit relays. We assume 

independent and identically distributed (i.i.d) Rayleigh 

fading channels and decoded-and-forward (DF) relay. 

This paper is organized as follows. The proposed 

cooperative relaying scheme and the transmit protocol 

are described in section II. Its performance is analyzed 

theoretically in section III. Section IV presents the 

numerical results and discussions. The paper is 

concluded in section V.

Ⅱ. Proposed System

1. System model

Fig. 1 shows the proposed system model in which S, 

R, and D denote source, relay and destination, 

respectively.       denotes   relay. 

The solid lines show the source transmit step, and 

destination transmit step, and the dashed lines denote 

the relay transmit step
[3]. We assume a DF relay. The 

multipath channels are assumed independent identically 

distributed (i.i.d) Rayleigh fading channels. Each signal 

received from   is independently faded and combined 

at D for the diversity gain. In this proposed system 

model, the opportunistic transmit conditions are 

identical to the DOT system in [3] and [4] but the 

combining method at the destination node is different. 

According to the number of the receiving signals from 

the transmit relays, we adaptively apply to MRC or 

GSC for diversity combining.

 

S

R

D

1R

2R

3R

KR

Fig 1. Proposed system model
그림 1. 제안한 시스템 모델

The transmit protocol of the proposed system 

consists of the following four steps (see Fig. 2):

(a) Source transmit step: The source transmits the 

information to the relays. Each relay compares the 
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SNR received to the source-relay threshold ().

(b) Destination transmit step: The destination transmits 

a pilot tone to the relays. Each relay compares the 

SNR received to the destination – relay threshold 

().

(c) Relay transmit step: When both received SNRs 

from the source and the destination exceed their 

respective thresholds, then the relays transmit.

(d) Diversity combining step: The multipath signals are 

received and MRC or GSC combined at D. If the 

number of transmit relays is less than the number 

of diversity branches at D, the received signals are 

MRC combined. On the other hand, the number of 

transmit relays is greater than the number of 

diversity branches, the received signals are GSC 

combined. 

S R D

(a)

(c)

(b)

Fig 2. Transmit protocol of the proposed system
그림 2. 제안한 시스템의 송신 프로토콜

2. Transmit condition of a relay

It is desirable that the number of transmit relays are 

identical to the number of branches in a destination for 

reducing the power consumption of the system and for 

efficient utilization of wireless communication 

resources.

If we define that the size of the active relay set is 

 , the probability of   relays being transmitted 

among   relays,   , can be written as 

( ) ( )Pr( ) Pr ,   1 Pr ,  
i K i

Sk SR Dk DR Sk SR Dk DR

K
C i

i
γ γ γ γ

−⎛ ⎞
= = ⎡ > Γ > Γ ⎤ ⎡ − > Γ > Γ ⎤⎜ ⎟ ⎣ ⎦ ⎣ ⎦

⎝ ⎠

(1)

where   and   denote the received SNR at 

        of the   path and that of 

the   path, respectively. Assume the channel is 

reciprocal, then   can be replaced by .   and 

  are the thresholds of the   path and that of 

the   path, respectively.

The transmit probability of   DF relay in 

Rayleigh fading in equation (1) can be rewritten as 

( ) ( )
( ) ( )

Pr ,    Pr ,  

                                          =  Pr Pr

                                          =  exp
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SR DR
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γ γ

γ γ
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(2)

where    and 
   denote the average SNR of the 

relay of the   path and that of the   

path, respectively. Notice that the regular opportunistic 

transmit relaying system only considers the first term 

    in equation (2)
[5].

The average number of transmit relays that satisfy 

the transmit condition, the received SNR (  and ) 

of a relay is greater than the respective threshold (i.e., 

  or ), can be written as [6],

( ) ( )
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∑

  

(3)

We noticed that the average number of transmit 

relays is a function of the average SNR. When the 

number of the diversity branches of a destination is 

identical to the average number of transmit relays by 

adjusting the average SNR and/or the thresholds, the 

power consumption caused by the excess number of 

transmit relays can be reduced and the efficiency of the 

radio resources (i.e, time slots, radio frequencies, and 

codes etc.) can be increased. 
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Ⅲ. Performance Analysis

Though the average number of the transmit relays 

can be controlled in equation (3), the instantaneous 

number of transmit relays is varying around the 

average number of the transmit relays in fading 

channel. Therefore the combined SNR   can be 

written by [2]

1

1

 , 

 , 

,

, :

k

k

i

R D
k

N

R D i
k

i N

i N

γ
γ

γ

=
Σ

=

⎧
≤⎪⎪= ⎨

⎪ ≥⎪⎩

∑

∑ (4)

where    is the order statistics of 

   ≥    ≥ ≥    ≥ . In equation 

(4), the first expression represents the combined SNR 

of MRC case that the number of the transmit relays is 

less than the number of the receiver branches . And 

the second expression represents the combined SNR of 

the GSC case that the number of the transmit relays is 

greater than the number of the receiver branches , 

therefore, the best   signals among received signals 

are combined.

The probability density function (pdf) of combined 

SNR   conditioned on the number of active relays 

   can be written by 
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where    is the pdf of the output SNR 

of MRC. We will assume each branch has identical 

branch SNR, then    and 
   will be replaced to 

   

and    for all       , respectively. 

Assuming i.i.d. Rayleigh fading on each branch, the 

distribution    is   with   degrees of 

freedom [7].
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And the pdf of the output SNR of GSC 

   can be given by [8]
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The unconditional pdf of combined SNR   can be 

obtained using (6), (7), and (1),
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The outage probability is defined that the combined 

SNR is less than the threshold . The outage 

probability at the destination can be obtained by 

integrating the unconditional pdf, and written by
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Ⅳ. Numerical results

Fig. 3 shows the outage probability for , 

,   . As we expected the outage 

probability decreases with the average SNR of S-R and 

R-D paths. In the case that    equals 0 dB, the 

error floor that the error is not decreasing regardless of 

the SNR of S-R path is noticed. It is interpreted that 

the average SNR of R-D path is too week, it causes 

high outage probability although the SNR of S-R path 

is strong.
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Fig 3. Outage probability vs.  for different 

 (   )

그림 3. 다양한  에 대한  값에 따른 오수

신율 (   )
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Fig 4. Outage probability as a function of the 
number of branches ( )

그림 4. 가지 수에 따른 오수신율 ( ) 

The outage probability versus the number of 

branches for different average SNR of S-R path and 

R-D path is shown in Fig. 4. The outage probability is 

decreases with the number of branches. When the 

number of branches is fixed, the outage probability also 

decreases with the SNR of S-R path and R-D path. 

Ⅴ. Conclusions

In this paper, we propose a DOT in a cooperative 

diversity system with MRC/GSC for diversity 

combining. The average number of transmit relays is 

limited to the number of the receiver branches at the 

destination to prevent the excess number signals from 

transmit relays in the DOT system. However, the 

instantaneous number of transmit relays is varying due 

to the channel fluctuation. When the instantaneous 

number of transmit relays is less/greater than the 

number of the branches of the destination, MRC/GSC 

is adopted for diversity combing.

The outage probability is analytically derived and 

the numerical results show that the system 

performance improves with the number of the 

branches. Also it is noticed that when the number of 

the branches is fixed, the outage probability decreases 

with the increase of the average SNR of S-R path and 

R-D path. 

References 

[1] N.C. Beaulieu, and J. Hu, “A closed form expression 

for the outage probability of Decode-and-forward 

relaying in dissimilar Rayleigh fading channels,” 

IEEE Communications Letters, vol.10, no.12, 

pp.813-815, Dec. 2006.

[2] Salama Ikki, Mohamed Ahmed, “Performance 

analysis of generalized selection combining for decode- 

and–forward cooperative-diversity networks,” in 

Proceedings of Vehicular Technology Conference, 



레일레이 페이딩 채널에서 MRC/GSC 수신하는 DOT 릴레이 시스템의 성능 

- 16 -

※ 이 논문은 2012학년도 청주대학교가 지원하는 연구년으로 연구되었음

pp.1-5, Sep. 2010.

[3] Nam-Soo Kim, Ye Hoon Lee, “Double opportunistic 

transmit relaying system with GSC for power 

saving in Rayleigh fading channel,” in Proceedings 

of IEEE International conference on communi- 

cations (COMM2010), pp.368-370, June 2010. 

[4] Nam-Soo Kim, "Performance analysis of a double 

opportunistic cooperative diversity system with 

uniform power relay selection," Journal of IWIT 

(The institute of webcasting, internet and 

telecommunication), vol.11, no.6, pp. 15-21, Dec. 2011.

[5] Y. Zhio, R. Adve, and T. Lim, “Outage probability 

at arbitrary SNR with cooperative diversity,” IEEE 

Communications Letters, vol.9, no.8, pp.700-702, 

Aug. 2005.

[6] D. Gesbert, M-S Alouini, “How much feedback is 

multi-user diversity really worth?,” in Proceedings 

of IEEE International Conference on Communi- 

cations (ICC), pp. 234-238, June 2004.

[7] Andrea Goldsmith, Wireless Communications, 

Cambridge University Press, 2005.

[8] M.K. Simon, M-S Alouini, Digital communications 

over fading channels, JohnWiley&Sons, 2000.

저자 소개

김 남 수(정회원)
∙1986년 ～ 1994년 : ETRI(전자통신 연

구소) 이동통신 연구단 무선기술 연구

실장 역임

∙1991년 : 연세대학교 대학원 전자공학

과 공학박사

∙1991년 ～ 1991년: BNR(Bell Northern 

Research) 방문 연구원

∙2002년 ～ 2003년 : NJIT(New Jersey Institute of Technology) 

교환교수 

∙1994년 ～ 현재 : 청주대학교 전자공학과 교수

∙2006년 ～ 2007년 : 청주대학교 학술정보처장

∙2010년 ～ 2010년 : 청주대학교 입학처장

 <주관심분야 : Wireless mobile ad-hoc network, RF system 

design, Digital modulation, 무선 이동통신 채널, 이동통신 

시스템 설계>



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


