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Abstract. In the paper, the Adaptive all Cooperative (AAC) scheme is raised to
bring significant improvements in cooperative system property, which is com-
bined self-adaption signal modulation with automatic repeat request. Then we
develop the Adaptive scheme to the Adaptive Greedy Cooperative (AGC)
scheme using greedy strategy selection, which can obtain the characteristics of
cooperative system significantly enhanced with the same cooperative nodes.
However, the Adaptive greedy cooperative (AGC) is more sensitive than the
AAC under the delayed feedback. We calculated the closed relationship
expression between the probability of abnormal outage for AAC and AGC.
Considering delayed feedback, we also analyze outage probability of AAC and
AGC frames with different retransmission times, delayed time and cooperative
users.

Keywords: Cooperation frame � Adaptive modulation � MIMO � Automatic
repeat request

1 Introduction

MIMO technology is very well-known, and it can get effective diversity gain with
installing several wireless antennas at the signal transmitting terminal and signal
receiving terminal. Recently, a reasonable technique to improve the high efficiency of
the frequency spectrum has been clearly raised to obtain diversity gain based on the
application connection relay cooperation, named cooperative diversity [1–5].

Laneman developed and designed Amplify-Forward cooperative frame, Decoded-
Forward cooperative frame, Select wireless Relay cooperative frame and space time
coding cooperative frame in [1]. Hunter clearly proposed the code collaboration [5].

Other key work includes the characteristic analysis of cooperative transmission. For
example, Hasna analyzed the mean symbol error rate [6, 7] of the cooperative network
in the wireless channel of Rayleigh and Nakagami. Reference [8], the closed rela-
tionship expression of the interruption probability of the DF system is obtained.
Another way to alleviate the adverse effects of the decline of the wireless channels is to
use the fully automatic retransmission request on link layer. In other words, transmitter
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must deal with the incorrectly accepted data. Based on the actual situation, in order to
decrease the minimum delayed time and buffer area measure, the ARQ protocol has
been generally selected to limit the larger retransmission count. Aiming at cooperative
transmitting, Dai suggested combining ARQ system and cooperative transmission; also
he proposed a cross layer model based on the MIMO that constitutes PHY and the
ARQ of link layer [9]. Le further scientifically studied the property of the ARQ
cooperative transmission model in the multi-hop network [10].

None of the above-mentioned thesis considers the transmission of variable rates and
powers. Recently, the cross-layer design has caused great interest among everyone. The
design has mutually improved the actual operation of several protocol layers to achieve
significant feature enhancements. Liu clearly proposed the SISO cross-layer model
which integrates adapt modulation and auto repeat request using the extreme wireless
channel information [11]. The results that cross layered model can obtain stronger
characteristics than the layered model are verified by system simulation.

In the paper, we used the cross-layer design principle and applied the shortened
ARQ to the adapt MIMO cooperation model, resulting in the adaptive all cooperative
frame (AAC). It integrates AM and ARQ based on the feedback of the adapt modu-
lation. In order to further improve the characteristics, we clearly proposed the adaptive
greedy cooperative frame (AGC) [12, 13] based on the basic theory of “greed
scheduling”. The theory only selects one wireless channel standard as the best the
wireless relay node is pushed together with the source node. Taking full consideration
of the feedback on the delay time in the specific communication environment, we
calculated the closed expression of the outage probability of the AAC frame and the
AGC frame, and analyzed the effect of the time delay, retransmission count and the
cooperative nodes on the system characteristics. It also compares the system capability
between the AAC and AGC frames.

Part of this paper is allocated as follows. The second section introduces the system
entity model. In the third section, the system characteristics based on the outage
probability are analyzed, the fourth section shows the numerical results, and the fifth
section gives the conclusions.

2 System Model

There is immediate connection which is combined the source Sn with the target Dn,
and there are K reserved connections according to the K wireless relays Ri. The source
connection node, the wireless relay connection node and the destination connection
node each have only one wireless antenna. The entire transmission must have 2 time
ranges: in 1st time range, the data signal x is transmitted to the target Dn, and the data is
amplified by the relay Ri in the 2nd time range, and is shared to target node Dn. In the
1st time range, the received data of overall target node Dn and i-th relay node obtained
as:

r1 ¼ hs;dxþNs;d ð1Þ
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r2 ¼ hs;ixþNs;i ð2Þ

Among them, hs,i indicates wireless channels between Sn and i-th wireless relay,
and hs,d indicates wireless channel between Sn and the target Dn. Ns, i, Ns,d are the
noise vector values between Sn and the i-th wireless relay node, between Sn and target
Dn, and e* CNð0; r2Þ. In the 2nd time range, i-th wireless relay connection will
receive the data r2 to increase the magnification using Mi, where M2

i ¼ P

P hs;ij j2 þr2
, P is

the mean sign energy, and r2 is noise standard variance, severally. The second time
range must be K time slots for transmission. The signal data received in the target node
is indicated as

r3 ¼ Mihi;dr2 þ ei;d ð3Þ

Among them, hi,d indicate the wireless channels between the cooperative user and
the target Dn, and ei,d is noise value between the i-th wireless cooperative user and the
target node Dn.

To carry out the comparison, we also considered the limit of the overall SNR, as

cov � cs;d þ
XK
i¼1

ci ¼ cu ð4Þ

Among them, ci ¼ minðcs;i; ci;dÞ, and its basis have been proved to be very accurate
in [7].

Unlike [14], we considered two cooperative transmission conditions: AAC frame
and AGC frame. The first stipulates that all wireless relay connection nodes transmit
data signals together with the source, while the second allows only one wireless relay
connection node with the best wireless channel condition to transmit signal. We
consider the two mentioned above responsive transmission frames. The overall goal is
to receive data signals from the source of the AAC frame and all K cooperative wireless
relays. However, for the AGC frame, only one wireless relay user is chose from K
cooperative users.

Subsequently, the destination connection node can select the modulation mode
according to the channels state information, and feedback the deployment mode to the
source Sn. If receiving signals are found incorrectly, the automatic repeat request maker
can produce a repeat request based on the feedback to the Sn. Otherwise; retrans-
mission is not required. Similar to [15], it is assumed that the slow transition of the
wireless channel and the extreme incorrect check based on the CRC. In order to
maintain the simplicity of hardware configuration, it is assumed that the responsive
deployment is selected on account of the channel state information of all routing paths,
but deployment method of every wireless cooperative routing protocol is not adapted.

Here, considering the AAC frame and the AGC frame under the fading wireless
channel condition of IID.
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1) AAC frame:
It is assumed that the wireless channel arguments of all cooperative transmission
routing paths are all the same and separate.

For the AAC frame in the IID fading channel, the function of probability density
with cub can be showed as

pcubðcÞ ¼
b0
�cs;d

e
� c

�cs;d þ
Xk
i¼1

ð2
�c
Þibici�1e�

2c
�c =ði� 1Þ! ð5Þ

Among them, b0 ¼ 1=ð1� �c
2�cs;d

Þk, bi ¼ ð2�cÞðk�iÞ

ðk�iÞ!
@ðk�iÞ½ð1þ�cs;dsÞ�1�s¼�2

�c

@sðk�iÞ , the detailed calcu-

lation can be found in [16].

2) AGC frame: In order to obtain stronger system characteristics, the AGC frame is
considered that, in which the best connection user is selected among K cooperative
users, and the signal data is transmitted using the chose relay together with the source
node. Let cmax indicate the transmission routing path SNR of the selected wireless relay
connection node, and be able to calculate cumulative distribution function of cmax from
the c.d.f of the cooperative routing path SNR ci ¼ minðcs;i; ci;dÞ.

Since there are K replacement cooperative connection nodes, c.d.f can be calculated
as

FðcmaxÞ ¼ ð1� e�
2c
�c Þk ð6Þ

Since the random variables cmax and cs;d are separate, the MGF of the overall SNR
received at target user can be calculated as.

MGFctotðsÞ ¼ MGFcmax
ðsÞ �MGFcs;d ðsÞ ¼ ð

Xk�1

nn¼0

Cnn
k�1

2kð�1Þnn
nnþ 1

� 1

2þ �c
nnþ 1 s

Þ � ð 1
1þ�cs;d � s

Þ

¼
Xk�1

nn¼0

Cnn
k�1

2kð�1Þnn
nnþ 1

1
2ðnnþ 1Þ�cs;d � �c

� ½ðnnþ 1Þ�cs;d
1þ�cs;d � s

� �c

2þ �c
nnþ 1 s

�
ð7Þ

For the optional cooperation frame, the p.d.f of cub is expressed as

~pcubðcÞ ¼
Xk�1

n¼0

2kCnn
k�1ð�1Þnn

2ðnnþ 1Þ�cs;d � �c
½e�

c
�cs;d � e�

2ðnnþ 1Þc
�c � ð8Þ

Where, Cnn
k�1 ¼ ðk�1Þðk�2Þ���ðk�nnÞ

nn! . Note that k indicates the total number of
replacement wireless relay nodes.
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3 Performance Analysis

Based on the cooperation frame and cross-layer basic theories considered above, this
section clearly proposes a responsive full cooperation frame (AAC) with all wireless
relay connection nodes and a response greed cooperation frame (AGC) only with
selected wireless relay connection node. The AGC frame based on “greed productive
scheduling” saves a lot of network bandwidth than the AAC frame. And the closing
expression of the AAC frame and the AGC frame with the delay time of the feedback is
obtained. Because of the delayed feedback, the delayed CSI and the practical CSI have
a correlation coefficient q2 ¼ J0ð2pfdsÞ, in which J0 (.) is the first kind of zero-order
bessel, and fd is the largest doppler frequency [17].

1) AAC frame
For the AAC frame with the IID fading wireless channel, the probability analysis of
selecting the constellation diagram size Mn = 2n is expressed as

Pn ¼
Z cnþ 1

cn

pcubðcÞdc ¼ b0ðe�
cn
�cs;d � e

�cnþ 1
�cs;d Þþ

Xk
i¼1

biðPið2cn
�c
Þ � Pið2cnþ 1

�c
ÞÞ ð9Þ

PiðlÞ ¼ e�l
Pi�1

c¼1

lc

c! is poisson distribution and pcubðcÞ is calculated as (5).

Regarding the outdated feedback wireless channel, time delay will endanger the
probability of mean incorrect signal. Because only one wireless antenna is configured
for each cooperative connection node in the cooperation frame, and thus the MIMO
space diversity is obtained, and k + 1 routing paths are regarded as k + 1 wireless
antennas. Here instant packet incorrect ratio Pern under delayed channel condition is
resembled to PER in space diversity and Pern can be shown that:

PersnðcÞ ¼ Anð 1
1þ gn�cð1� q2ÞÞ

kþ 1 expð� gnq2c
1þ gn�cð1� q2ÞÞ ð10Þ

Considering the AAC frame with IID the wireless channel, the mean error rate of
packet PEs in PHY is calculated as

PEs ¼ 1=
XN
n¼1

Rn � fb0ðe�
cn
�cs;d � e

�cnþ 1
�cs;d Þþ

Xk
i¼1

biðPið2cn=�cÞ � Pið2cnþ 1=�cÞÞg

� f
XN
n¼1

Rn�ð CðnÞb0
1þ�cs;dCCðnÞ

ðe�cnð 1
�cs;d

þ 1ÞCCðnÞ � e
�cnþ 1ð 1

�cs;d
þ 1ÞCCðnÞÞ

þ
Xk
i¼1

CðnÞbi
ð1þ�c=2CCðnÞÞiðPið2cn=�cþ cnCCðnÞÞ � Pið2cnþ 1=�cþ cnþ 1CCðnÞÞÞÞg

ð11Þ

Among them, CðnÞ ¼ Anð 1
1þ gn�cð1�q2ÞÞkþ 1CCðnÞ ¼ gnq2

1þ gn�cð1�q2Þ.
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Among them, Rn indicates the information content speed of the data signal, using
bits per wireless channel, and Rn = Rclog2(Mn) = TsB, where Ts is the fixed marked
signal transmission time, and B indicates the signaling network bandwidth. It is
assumed that the idealized Nyquist data information pulse B = 1/Ts for each constel-
lation mode. For no modulation without forward error correction, Rc = 1, so Rn =
log2(Mn). Taking into account the Nr-automatic repeat request in link layer, data
packets that are incorrectly received are likely to be pushed for retransmission, and the
largest retransmission frequency is set to Nr. Let qs ¼ PEs, so the average transmission
frequency Ns is obtained by [12]:

Ns ¼ 1� ðqsÞNr þ 1=1� ðqsÞ ð12Þ

Because there is no data transmission when the received signal noise ratio is less
than the threshold value, and considering the ACC frame, the outage probability
analysis is

Ps
out Nr ¼ Ns �

Z c1

0
pcubðcÞdc ¼ Ns � 1� b0e

� c1
�cs;d þ e�

2c
�c

Xk
i¼1

bi
Xi�1

j¼0

1
j!
ð2c1
�c
Þ j

" #( )

ð13Þ

2) AGC frame
Considering IID wireless channel, the probability of selecting method n for AGC
could be indicated as

~Pn ¼
Z cnþ 1

cn

~pubðcÞdc

¼
Xk�1

nn¼0

2knnk�1ð�1Þnn
2ðnnþ 1Þ�cs;d � �c

f�cs;dðe�
cn
�cs;d � e

�cnþ 1
�cs;d Þþ �c

2ðnnþ 1Þ ðe
�2ðnnþ 1Þcnþ 1

�c � e�
2ðnnþ 1Þcn

�c Þg

ð14Þ

The p.d.f. ~pubðcÞ of the optional cooperation frame is obtained in (8).

Able to obtain the average packet incorrect ratio ~PEs and average ARQ count ~N of
the AGC frame, and that is follow as.
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~PEs ¼ 1=f
XN
n¼1

Rn�
Xk�1

nn¼0

2BðnÞkCnn
k�1ð�1Þnn

2ðnnþ 1Þ�cs;d � �c
½�cs;dðe�cn=�cs;d � e�cnþ 1=�cs;d Þ

þ �c=ð2nnþ 2Þ � ðe�2ðnnþ 1Þcnþ 1=�c � e
�2ðnnþ 1Þcn=�cÞ�g

�
XN
n¼1

Rn�
Xk�1

nn¼0

2BðnÞkCnn
k�1ð�1Þnn

2ðnnþ 1Þ�cs;d � �c

(

� ðe
�ðBBðnÞþ�c�1

s;d Þcn � e�ðBBðnÞþ�c�1
s;d Þcnþ 1

BBðnÞþ�c�1
s;d

þ e�ðBBðnÞþ 2ðnnþ 1Þ�c�1Þcnþ 1 � e�ðBBðnÞþ 2ðnnþ 1Þ�c�1Þcn

BBðnÞþ 2ðnnþ 1Þ�c�1 Þ

9>>>>=
>>>>;

ð15Þ

~N ¼ 1� ð~qsÞNr þ 1=ð1� ð~qsÞÞ ð16Þ

Where BðnÞ ¼ Anð 1
1þ gn�cð1�q2ÞÞ2, BBðnÞ ¼ gnq2

1þ gn�cð1�q2Þ.
The outage probability of the AGC frame is

~Ps
outðNrÞ ¼ ð~NÞ �

Z c1

0
~pcubðcÞdc

¼ f
Xk�1

nn¼0

2kCnn
K�1ð�1Þnn

2ðnnþ 1Þ�cs;d � �c
ð�cs;de�

c1
�cs;d � �c

2ðnnþ 1Þ e
�2ðnnþ 1Þc1

�c Þ

�
Xk�1

nn¼0

2kCnn
k�1ð�1Þnn

2ðnnþ 1Þ�cs;d � �c
ð�cs;d �

�c
2ðnnþ 1ÞÞg �

~N

ð17Þ

It must be noted that when the time delay is 0, the characteristics of the clearly
proposed AAC and AGC frames can be obtained again by incorporating the formula
calculations without the feedback delay time.

4 Numerical Results

In the section, we get simulation results for AAC frame and AGC frame on the
Rayleigh fading wireless channel. The marked value result shows the characteristics of
the ACC frame and AGC frame with IID wireless channel. It is considered that
Ploss = 0.0001, the largest count of ARQ can be used is Nr = 2, and the count of
collaborative users k = {1, 2, 3, 5}. For the specific communication environment, the
data file the length is Np ¼ 4096bits [18]. Let �csd ¼ �c.

Figure 1 compares the probability of outage of the ACC frame IID and the ACC
frame no IID accompanying the change with the delay time of feedback. We can
observe that when K = 2, the outage characteristics of ACC (IID) are better than ACC
(Non-IID), but the delay threshold of ACC (IID) is smaller, in other words, the ACC
(IID) is more vulnerable to delay time.
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Figure 2-Fig. 3 describes the outage probability of the AGC frame with different K
and Nr and no delay time and delay time feedback. It can be seen from Fig. 2 that the
AGC frame with K = 5 has a better probability of outage than the AGC frame with
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K = 1 and K = 3. And with the increase of retransmission time, the AGC frame can get
stronger probability of outage when Nr is 2.

Figure 3 compares the AGC frame and the ACC frame. It can be observed that the
ACC frame with K = 3 has a stronger probability feature of outage. It is better than the
K = 3 AGC frame. However, the probability of outage for the AGC frame with K = 5
is better than that for the ACC frame with K = 3. Therefore, we can choose the AGC
frame with K = 5 to get a stronger performance of delay time feedback.

Figure 4 illustrates that the probability of outage for the AGC frame when k = 1, 3,
5 is compromised under outdated channel time. In Fig. 4, we can observe that when the
delayed time is large, automatic repeat request can reduce outage probability of AGC
frame by a large number of cooperative nodes. Similarly, when there are a large
number of collaborative nodes, the AGC probability of outage will also decrease. From
Fig. 4, it is found that the AGC system with K = 5 is almost immune to the time delay.
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5 Conclusion

In the paper, the two responsive cooperation frames (AAC and AGC) are clearly
proposed; and they both will have the AM application on the physical layer of the
cooperative system and automatic repeat request system on link layer. The AAC frame
stipulates that all wireless relay connection nodes participate in transmission, while the
AGC frame only selects a wireless relay with the best wireless channel condition
because of “greed for production scheduling”. We calculated the closed relationship
expression between the probability of abnormal outage for AAC and AGC. The
marked value results show that the characteristics of cooperative system can be sig-
nificantly enhanced by ARQ. For the same collaborative nodes, AGC has a greater
probability of outage; however, it is not particularly sensitive to the time delay under
the feedback of the delay time. Compared with other frames, the AGC frame with
K = 5 has stronger outage probability. In fact, we can choose suitable transmission
frames with different requirements in different natural environments.
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