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Abstract—To improve the problems of noise amplification and 

error propagation of the fixed cooperation schemes in   

cooperative communications, a relay selection strategy is 

proposed based on the hybrid decode-amplify-forward protocol. 

It can adaptively determine cooperation schemes according to 

the Channel Status Information (CSI) of the source-relay. Then 

it selects the best relay from the candidate relay set of the two 

fixed cooperation schemes, for a maximum Signal-Noise Ratio 

(SNR) in the destination. The theoretical analyses and the 

simulation results all show that the proposed strategy can 

improve the performance of the Bit-Error-Rate (BER) and the 

outage probability significantly, when compared with the relay 

selection strategies of the fixed cooperation schemes. Also it 

performs excellent with the increased number of the relays. 
 
Index Terms—Amplify-and-Forward,    decode-and-forward, 

hybrid decode-amplify forward, BER, outage probability 

 

I. INTRODUCTION 

Nowadays, cooperative communications have been the 

research hot-spots in modern wireless communications. 

And there are mainly three relay cooperation schemes in 

cooperative communications, such as the Amplify and 

Forward (AF) [1], the Decode and Forward (DF) [2], and 

the Coded Cooperation (CC) [3]. The outage performance 

of the AF and the DF schemes in cooperative wireless 

communication was evaluated in literature [4], which 

indicated that the performance of the DF scheme was 

better than that of the AF scheme, and the outage 

performance was improved with the increased number of 

the cooperative relays. And the exact closed-form 

expression of the outage probability has been derived in 

[5] for the coded cooperation by using the power-based 

approach over the Nakagami-m fading channels. 

Furthermore, the optimal number of the relays was also 

obtained and the critical cooperation ratio was found for 

minimum total outage probability. Except for the AF, the 
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DF and the CC schemes, the Compressed and Forward 

(CF) approach [6] was also proposed as an efficient relay 

cooperation strategy. When the signals transmitted from 

the source were recovered by the relay completely, the 

CF relay can switch to the DF mode. The CF scheme can 

harness the interference in a multi-hop relay network by 

allowing a relay to decode and forward the transmitted 

messages. However, the total forwarding rate of the 

relays by one hop may far exceed the total information 

rate of the sources, which leads to information 

redundancy and spectral inefficiency. To tackle this 

problem, a cooperative relaying scheme termed 

Compute-Compress-and-Forward (CCF), was then 

proposed in [7], and the numerical results demonstrated 

the better performance of the CCF than that of the CF. 

For the relay selection strategy [8], Laneman et al. firstly 

proposed a method by using all available relays to 

forward data, given all relay cooperation program in the 

two-hop multi-branch cooperative networks [9]. Since it 

used all available channels, the spectral efficiency was 

too low in the multi-relay scene. To compensate the lack 

of the above scheme, the Opportunistic Relaying (OR) 

[10] was proposed to improve the spectral efficiency, 

which obtained equivalent diversity gain and reduced the 

complexity a lot by choosing the best relay. For the best 

relay selection under unknown transmission power and 

forwarding power circumstances, a new opportunistic 

relay selection algorithm in AF cooperative 

communication system [11] was proposed to improve the 

system channel capacity without increasing the algorithm 

complexity. The Opportunistic Incremental Selection 

Amplify-and-Forward (OISAF) and the opportunistic 

joint incremental selection relaying (OJISF) strategies 

were also proposed in [12], but with both higher BER and 

outage probability due to the noise amplification problem. 

In the two-hop relay networks of the DF cooperative 

communications, a single relay selection strategy to select 

the best relay was proposed in [13], where the destination 

node decided to cooperate with the relay nodes according 

to the lowest outage probability for each link between the 

destination and the relays. In the simulations, it 

outperformed the AF scheme, and it can keep a full 

diversity order. In the absence of direct link, the 

performance of the DF cooperative communication 

systems under different source-relay and relay-destination 

in fading channel were studied in [14] and the 
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superiorities were verified. The optimal relay selection 

policy for the decode-and-forward opportunistic relaying 

systems was researched in [15], but the error propagation 

occurred due to the wrong decoding in the relays. In [16], 

joint relay selection and power allocation were 

investigated to maximize system throughput with limited 

interference to primary users in the Cognitive Radio (CR) 

systems. And the suggested approaches increased the 

system throughput by over 50%. 

The above relay selection strategies were mainly based 

on the AF or the DF scheme, which rarely considered the 

combination of them together. Then the Hybrid 

Decode-Amplify-Forward (HDAF) scheme [17] was 

suggested to improve the noise amplification in the AF 

scheme and the error propagation phenomenon in the DF 

scheme. Then the relay can adaptively switch between the 

AF and the DF schemes according to different channel 

qualities, thus improve the whole system performance. In 

order to improve the spectral efficiency of the HDAF 

method, an incremental HDAF relaying scheme was also 

proposed in [18], where the relay may choose to keep 

silent or transmit the messages in the DF or the AF mode, 

based on the qualities of the channels among the source, 

the relays and the destination. However, the above 

researches all ignored the relay selection strategy based 

on the HDAF scheme. Therefore, it is investigated in this 

paper, and the BER and the outage probability are greatly 

improved, when compared with the fixed cooperation 

schemes.  Furthermore, more relays can help improve 

the system performance more obviously. 

The remainder of the paper is organized as follows. In 

Section II, the cooperative system model is introduced 

and the AF, DF cooperation schemes are also depicted 

too. Section III gives the principle and process of the 

proposed relay selection strategy with the HDAF scheme. 

In Section IV, the theoretical analyses and the numerical 

simulations are given to manifest the good performance 

of the proposed strategy. Finally, the conclusion is drawn 

in Section V. 

II. COOPERATIVE SYSTEM MODEL 

Given Rayleigh fading circumstance, each channel is 

independent of other one in a classical single relay 

selection cooperative communication. In Fig. 1, there is a 

typical two-hop network, consisting of the source S, the 

destination D and the N relays, which communicate with 

each other and commonly finish the source-destination 

transmission. All relays operate in a half-duplex mode, 

where they can't receive and transmit simultaneously. The 

CSI is available at the receivers through training 

sequences. Specifically, the i-th relay only knows the 

instantaneous CSI of the S-Ri (i=1, 2…, N) link and D 

knows the instantaneous CSIs of all links. All relays can 

use the AF and the DF schemes, and the destination will 

receive the signals from the AF and the DF cooperative 

transmission. Before sending the messages, the channel 

information is estimated between each node by sending 

training sequences. The destination selects the 

appropriate relay by the learned channel information, and 

finally notifies the selected relay to forward the messages 

from the source.  
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...
h sr

1

h sr2

h
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h
r1d

h
r2d

h rn
d
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RN-1 
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Fig. 1. System model of multiple relay communications 

The source node transmits the signals via two time 

slots, and the CSI is supposed to be unchanged in each 

source-destination transmission. sx  is the signals to be 

transmitted, and SP  and RP  are the transmission power 

of the source and the relays, respectively. In the first 

data-sharing time slot, the source transmits the signals to 

the destination as well as the relays. The signals received 

at the destination and the relays are 

        sd S sd s sdy P h x n               (1) 

 sri S sri s sriy P h x n              (2) 

where  sdh  and srih  are the coefficients of S-D and 

S-Ri channels, respectively. And sdn  and srin  are the 

complex Gaussian noise of distribution N (0, N0). 

In the second time slot, the relay Ri respectively 

forwards the received signals to the destination with 

corresponding cooperation scheme. If the relay Ri 

successfully decodes the messages, the DF scheme is 

used to forward the signals to the destination. Otherwise, 

it will lead to the error propagation phenomenon. In the 

DF mode, the forwarding signals are successfully 

decoded by Ri and they can be expressed as 

DF sx x                 (3) 

If the relay works in the DF mode during the second 

stage, the received signals at the destination are written as 

 rid rid iR s r dy P h x n            (4) 

where  ridh  is the coefficients of Ri-D channel, ridn  is 

the complex Gaussian noise N (0, N0). 

Finally, the signals from the source and relays are 

combined together by Maximum Ratio Combining 

(MRC), and the instantaneous SNR at the destination is 

defined as 

1 2=min( , )DF DF DF              (5) 
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where 
2

1 0=DF

S sriP h N , 
2 2

2 0 0=DF

S sd riR dP h N P h N  . 

Meanwhile, the mutual information of the cooperative DF 

transmission system is got as 

2=1/ 2 log 1 )DF

DFI  （            (6) 

Whether the relay can successfully decode the 

messages, it depends on the channel quality of the S-Ri 

link. If the signals can not be correctly decoded, the DF 

scheme leads to the error propagation, which further 

degrades the performance. In order to avoid this 

phenomenon, Ri should work in the AF mode during the 

second time slot. The signals sx   are amplified and 

forwarded to the destination, and then it is amplified by 

Ri and given as 

2

0sri S sriAF y Px h N           (7) 

Therefore, the signals received at the destination 

during the second time slot is 

 

   β= )

rid rid rid

rid S sri

R

s sri rid

AFy P h x n

h P h x n n

 

（
    (8) 

where 
2

0β R S sriP P h N , and it is the amplification 

factor of the relay by the AF scheme. From (8), Ri 

amplifies not only the signals sx , but also the noise srin . 

Similarly, the destination combines the signals of the 

two time slots together through MRC, and the 

instantaneous SNR at the destination is obtained as 

1 2= +AF AF AF                  (9) 

where 

2

1 0=AF

S sdP h N ,

2 2 2 2

2 0 0( )=AF

S sri rid S sriR riR dP P h h N P h P h N   . 

Therefore, the mutual information in the AF 

cooperative transmission is as follow 

2=1/ 2 log 1 )AF

AFI  （             (10) 

III. RELAY SELECTION STRATEGY FOR HYBRID 

DECODE-AMPLIFY FORWARD PROTOCOL 

Based on the system model in Fig. 1, this paper 

presents a relay selection strategy under the HDAF 

scheme, which combines the AF and the DF relaying 

schemes together. In this scheme, if the channel quality of 

the S-Ri link is good enough to guarantee the correction 

of the decoded signals from the source in the relay, the 

DF relaying scheme is selected to avoid the noise 

amplification in the AF scheme. Otherwise, the relay uses 

the AF scheme to avoid the possible error propagation in 

the DF scheme. Given that all relays perform the HDAF 

scheme, they can adaptively select the AF or the DF 

method according to the channel quality of the S-Ri link. 

So it can overcome the noise amplification in the AF 

method and the error propagation in the DF method. 

After the selection of the relaying scheme, the optimal 

relay is selected from the N relays in the premise of 

maximum SNR at the destination. 

A. Determine the Cooperation Scheme of the Relays 

In cooperative communications, the transmission 

power of the source and the relays are assumed to be 

equal, i.e. = RSP P , the information transmission rate is R 

bit/s, and the sending SNR at the source is 

0 0/ /RSP NSN P NR   . If the relays can successfully 

decode the signals, the transmission between the source 

and the relays is not interrupted. When the maximum 

mutual information between the transmitted and the 

received signals is smaller than the transmission rate R, it 

is set as an interrupt event. To receive the signals 

successfully in the relays, the mutual information at this 

moment must meet the requirement as follow 

2

2 01/ 2 log 1 ) Rsri S sriI P h N   （       (11) 

Set the selection threshold 2(2 1) /RT SNR  , from 

(11), when 
2

srih T , the relays can successfully decode 

the signals from the source, and the noise amplification is 

avoided by the DF scheme. If 
2

srih T , the relays fail 

to decode the signals, and the AF scheme is then used to 

avoid the error propagation phenomenon.  

According to the correct or false decoding of the relays, 

all relays are divided into the DF candidate relay set DF  

and the AF candidate relay set AF . And they are 

respectively expressed as 

 2
: sDF ii rh TR                  (12) 

 2
: sAF ii rh TR                  (13) 

Then, during the second time slot, the relays in set 

DF  use the DF scheme to forward the signals, and the 

AF scheme is applied to forward the signals to the 

destination in set AF . 

B. Select the Best Relay 

Based on the knowledge of information theory, it is 

known that the selected best relay should make the 

destination have a maximum SNR. So the best relays, i.e.  
DF

bR and AF

bR  are firstly selected from the set DF  and 

the set AF . Then the optimal relay bR  should be 

selected from them, which owns the largest SNR at the 

destination. 

For the relays in set AF , if the instantaneous SNR 

AF  at the destination is expected to be the largest, from 

(9), 1

AF remains unchanged for any relays, so 2

AF  

should be set as the largest, then the best relay 
AF

bR  is 

expressed as 
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2 2

2 2

2 2

2 2

0 0

2

arg max

= arg m

( )

( 1)
ax

i AF

i AF

R

sri rid

R
sri rid

S R sri ridAF

b

S sri R rid

P P h h
R

N P h P h N

SNR
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   (14) 

For the set DF , all relays correctly decode the 

messages, and the instantaneous SNR at the destination 

should be 2

DF  from (5). Hence, the best relay DF

bR  is 

written as 

 

 

 

2 2

0 0

2 2

2

arg max

arg max

arg max

i DF

i DF

i DF

S sd rid
R

sd rid
R

DF

b R

rid
R

P h N P h N

h h

h

R

SNR SNR

SNR

















   (15) 

Finally, the destination selects the larger relay between 
AF

bR  and DF

bR as the best relay, and notifies the best 

relay to forward the source information with the 

corresponding cooperation scheme at the same time. So 

the bR  is expressed as 

 ma ,x AF DF

b b bR R R         (16) 

Therefore, the mutual information of the relay 

selection strategy with HDAF scheme is 

2

2

,
=

,

DF srb

HDAF

AF srb

I h T
I

I h T

 



          (17)                   

Finally, the block diagram of the relay selection 

strategy with HDAF scheme is shown in Fig. 2. 

Obtain channel status information:

     If            

Set Ri into AF candidateSet Ri into DF candidate

Select best relay Select best relay

2 2

isd srh h，

2

srih TYes No

Choose the greatest      

among the two

DF

DF

bR
AF

bR

bR

AF

 
Fig. 2. Diagram of the relay selection strategy with the HDAF scheme 

From Fig. 2, the detailed procedures of the relay 

selection strategy with the HDAF scheme can be 

summarized as follows:  

(i) The source need broadcasts the signals sx . The 

channel coefficient sdh  and  srih  are estimated by the 

destination and the N relays. Then 
2

sdh and
2

srih  can 

be obtained; 

(ii) The relay Ri sets the selection threshold T , and 

compares 
2

srih  with T . If 
2

srih T , Ri is divided 

into the DF candidate relay set DF . On the contrary, Ri 

is set into the AF candidate relay set AF ; 

(iii) The destination obtains 
2

ridh  through training 

sequences sent by Ri, and then respectively selects the 

best relay AF

bR  and DF

bR  from set
AF  and set

DF  

according to (14) and (15). Finally, D chooses the 

greatest among the two, and notifies the best relay 
bR  to 

forward the source signals to the destination. 

In summary, the proposed HDAF relay selection 

strategy can achieve the optimized cooperation 

transmission as follows. Firstly，before the source sending 

the messages, the channel quality can be estimated at the 

destination and the relays by the training sequences in 

each transmission. Secondly, the relays can adaptively 

select the cooperation scheme according to the results of 

the comparison between 
2

srih and T . And when 

2

srih T , the relays are divided into the DF candidate 

relays, otherwise, they are set into the AF candidate 

relays. Finally, the destination firstly selects the two best 

relays from the AF and the DF candidate relays, and then 

chooses the best one of them to obtain a maximum SNR. 

IV. ANALYSES AND SIMULATIONS 

To illustrate the superiority of the proposed relay 

selection strategy with the HDAF scheme, the BER and 

the outage probability are firstly analyzed and compared 

with the fixed AF and DF schemes. Then the theoretical 

analyses are verified by the numerical simulations. 

A. Theoretical Analyses 

The outage probability is defined as the probability of 

the interruption event, which is an important indicator of 

the reliable transmission in cooperative communications. 

Considering the above relay selection strategy with the 

HDAF scheme, the interruption event mainly occurs in 

the cooperative transmission with the DF or the AF 

scheme. So the outage probability of the HDAF relay 

selection strategy is deduced as 

2 2

1 2

Pr( R)+

)

( ) (

( R)

= )

Prsrb DF srb

out

ou

AF

t out

P HDAF

P HDAF

h T I h T

H

I

P DAF

  



， ，

（

 (18) 

Furthermore, in [19] there was 

 / ( 1 min) ,SR RD SR RD SR RD           (19) 

where
2

SR sriSNR h  , 
2

RD ridSNR h  . Combined (5) 

and (9), it can be got that the instantaneous SNR of AF 

scheme is less than that of the DF scheme, namely 

AF DF  , when 
2

srih T . 
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Similarly, from (6) and (10), it is also deduced as 

AF DFI I                (20) 

Therefore, there is the derived result as 

1 2
Pr() R)( srbout AFhP DA TH IF   ，        (21) 

By substituting (21) into (18), it further gets 

2

2

Pr( R)+

                     Pr( R)

                  Pr( R)

                 ) 

)

 =

out

out

srb AF

srb AF

AF

h T I

h T I

P

I

HDAF

P AF

  









，

，

（

（

      (22) 

In cooperative communications, the BER is an 

indicator of accurate transmission within the specified 

time. For the proposed relay selection strategy with the 

HDAF scheme, the BER is expressed as 

2

1

2

2

= Pr( ) +

         

) )

)

            ( ) (

      Pr( )

= )

HDAF DF

AF

HDAF H

srb

srb

DAF

h T

h T

P e P e

P e

P e P e

 

 

（ （

（        (23) 

where )DFP e（ and )AFP e（  are the BER of the DF and the 

AF schemes, respectively. 

For the instantaneous SNR, the condition BER of the 

Binary Phase Shift Keying (BPSK) modulation [20] is  

 P 2e Q  （ ）丨             (24) 

where the Q function is defined as 

2 /2x) 1/ 2( t

x
Q e dt

          (25) 

Considering the above AF DF  , it is derived that 

   P 2 2 PDF DF AF AFe Q Q e     丨 丨   (26) 

Then there is    DF AFP e P e . And the BER of the 

HDAF relay selection strategy is  

     

   

 

2

2

Pr

                Pr

             

HDAF sd AF

sd

AF

AF

P e h T P e

h T P e

P e





  





     (27) 

From (22) and (27), both the outage probability and the 

BER of the relay selection strategy under the HDAF 

scheme are less than that under the single AF scheme. For 

the AF relay selection strategy, the relays always forward 

the received signals with the AF scheme, regardless of 

the channel quality of S-Ri. And the best relay selected 

amplifies the noise in the process of forwarding the 

signals, which leads to the deterioration of the outage 

probability and the BER. However, in the HDAF relay 

selection strategy, the relays can successfully decode the 

signals when 
2

srih T . So the DF method is selected to 

forward the signals, which avoid the noise amplification 

originally caused by the AF scheme. So the outage 

probability and the BER of the HDAF relay selection 

strategy are all better than that of the single AF relay 

selection strategy. 

For the DF relay selection strategy, the relays always 

use the DF scheme to forward the signals without 

considering the channel quality of the S-Ri link. If the 

relays can not decode the messages correctly in the first 

time slot, the wrong messages may be forwarded to the 

destination during the second time slot. It leads to the 

terrible error propagation phenomenon, and the outage 

probability and the BER are thus deteriorated too. 

However, in the HDAF relay selection strategy, when 
2

srih T , the relay can not decode the source signals 

successfully, and the AF scheme can be used to avoid the 

error propagation problem easily appeared in the DF 

scheme. Hence, the outage probability and the BER of the 

relay selection strategy with the HDAF scheme are all 

less than that with the single DF scheme.  

The proposed HDAF relay selection strategy can 

obtain such good performance, but the system complexity 

is a little higher than that of the AF or the DF relay 

selection strategy. Firstly, for the AF relay selection 

strategy, the relays only amplify and forward the received 

signals, while the relays need to decode and re-encoded 

the received signals, and then forward them to the 

destination in the DF relay selection strategy. So the 

complexity of the DF relay is much higher than that of 

the AF relay. However, for the proposed HDAF relay 

selection strategy, both the AF and the DF relay should 

be used. Thus, the complexity of the proposed strategy is 

relatively a little higher. In addition, the proposed HDAF 

relay selection strategy requires one calculation and one 

comparison of the selection threshold T  in the relay, 

while in the AF and the DF relay selection strategies, the 

setting and the comparison of the selection threshold are 

not needed. And at the destination, three relay selections 

are conducted in the HDAF relay selection strategy. 

However, for the AF and the DF relay selection strategies, 

they all need only one relay selection at the destination. 

So the system complexity of the proposed relay selection 

strategy with the HDAF scheme is increased. From above 

analyses, the HDAF relay selection strategy can 

effectively improve the performance of the BER and the 

outage probability, at the cost of the moderate 

incensement of the complexity. 

In addition, the relay selection can also be achieved by 

assigning different power to the source and the relays. 

However, the influence of the channel quality on the 

instantaneous SNR at the destination can not be taken 

into account immediately. The relays with poor channel 

quality can not bring about improvements to the system 

performance. On the contrary, it wastes the system 

resources. To get better performance, it is necessary to 

simultaneously consider the effect of the channel quality 

and the transmission power in the relay selection. When 

the channel quality changes, the power of the relays must 
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be adjusted to realize the adaptive power allocation. The 

performance can be improved by the adaptive power 

allocation for the relays, but the instantaneous channel 

quality needs to be obtained in real time, which leads to a 

large system overhead. Moreover, the corresponding 

adaptive power allocation algorithm is also complicated 

and can’t be effectively implemented in practice. So the 

total transmission power is uniformly allocated between 

the source and the relay in the proposed HDAF relay 

selection strategy. Then according to the channel quality, 

the destination selects the best relay, in order to reduce 

the system overhead and the complexity. 

B. Numerical Simulations 

In this subsection, the proposed strategy is simulated 

and the experiment results are shown in Fig. 3, Fig. 4, Fig. 

5, and Fig. 6, which are used to verify the good 

performance. In the simulations, the coefficients of the 

channels, i.e.  sdh , srih and  ridh , are assumed to be 

zero-mean complex Gaussian random variables with 

variance 2

sd = 2

sri = 2

rid =1. The channels are randomly 

generated and the BPSK modulation is adopted. As the 

power of the source and the relay are equal, and for 

simplicity, they are set as SP = RP =1W. In addition, the 

information transmission rate is supposed as R=1bit/s. 
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Fig. 3. The BER  different strategies with 4 relays

Fig. 3 shows the BER of relay selection strategies 

based on different schemes with 4 relays. From Fig. 3, the 

BER of the HDAF relay selection strategy is significantly 

lower than that of the single AF and DF relay selection 

strategy. The DF scheme may cause the error propagation 

due to the wrong decoding, and the BER is not stable. 

The BER of the AF scheme is also higher because of the 

noise amplification. However, the HDAF scheme can 

eliminate their deficiencies, so the BER is improved. At 

the BER of 10
-3

, the BER of the HDAF scheme 

outperform that of the AF and the DF schemes over about 

2dB and 6dB, respectively. And with the increase of the 

SNR, the BER of the HDAF relay selection strategy is 

similar to that of the ideal DF relay selection strategy 

with all relays decoding the messages correctly. 
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Fig. 4. The BER of the HDAF relay selection strategy in different 
number of the relays 

Fig. 4 gives the BER of the HDAF relay selection in 

different number of the relays. The BER is reduced with 

the increased number of the relays. It is because that the 

more relays cause the possibility of the correct decoding 

greater, and also enhance the chance of the selected best 

relay with the DF scheme. Moreover, the BER of the DF 

scheme is lower than that of the AF scheme, so the BER 

of the proposed strategy is reduced with the increase of 

the number of the relays. And when the BER is 10
-3

, the 

HDAF relay selection strategy with 8 relays obtains about 

2dB performance gain than that with 2 relays. 
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Fig. 5. The outage probability of different strategies with 4 relays 

Fig. 5 gives the outage probability of the relay 

selection strategies with different schemes with 4 relays. 

From Fig. 5, the outage probability of the HDAF relay 

selection strategy is the lowest. The reason lies in the fact 

that the proposed strategy firstly selects the two best 

relays from the AF and the DF candidate relay set, and 

then chooses the better one among them. The optimal 

relay selected of the HDAF scheme is clearly better than 

that of the fixed AF and DF schemes, where the 

destination has a larger SNR. Therefore, the mutual 

information of the HDAF scheme is greater than that of 

the single AF and the DF schemes, and the outage 
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probability is thus decreased. The outage performance of 

the proposed HDAF relay selection strategy improves 

about 1dB and 2dB at the outage probability of 10
-2

, 

when compared with the AF and the DF relay selection 

strategies. And the outage probability of the proposed 

strategy is getting lower with the increase of the SNR. 
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Fig. 6. The outage probability of the HDAF relay selection strategy in 

different number of the relays 

Fig. 6 shows the outage probability of the relay 

selection strategy under the HDAF scheme in different 

number of relays. With the increased number of the 

relays, the outage probability is also decreased 

significantly. The more relays cause the better channel 

quality of the selected best relay, which results in the gain 

of the instantaneous SNR at the destination. In other 

words, the mutual information in the HDAF relay 

selection strategy is increased, as well as the reduction of 

the outage probability. And the outage performance of the 

HDAF relay selection strategy with 8 relays improves 

about 5dB than that with 2 relays, when the outage 

probability is 10
-2

. 

V. CONCLUSIONS 

To improve both the BER and the outage probability of 

the relay selection strategies with the fixed cooperation 

schemes in cooperative communications, an improved 

relay selection strategy of the HDAF scheme is proposed. 

Since it can adaptively choose the AF or the DF 

cooperation schemes according to the channel quality, it 

respectively overcomes the noise amplification in the AF 

scheme and the error propagation in the DF scheme. The 

theoretical analyses and the simulation results show that 

the proposed strategy can effectively improve the outage 

probability and the BER of the system, when compared 

with the relay selection strategy of the single AF or DF 

scheme. With the increased number of the relays, the 

improvement is even evident. Therefore, this strategy can 

adaptively select the proper relay and cooperation scheme 

according to the situation of the channels. So it can 

improve the overall system performance in the multiple 

relay communication system.  
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