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Abstract. This paper looks at the problem of multimedia traffic transmission 
over Cognitive Radio networks in a delay sensitive context and under lossy 
network conditions. Secondary Users are allowed to share the vacant 
subchannels using the Time Division Multiple Access method based on the 
Opportunistic Spectrum Sharing. Each Secondary User is assigned one time slot 
where it habitually transmits with a certain probability. The given model allows 
each Secondary User to transmit opportunistically in the remaining slots. 
Accordingly, the reasons for packets to be discarded are threefold: primary 
traffic interruptions, collisions between the competing secondary users and 
erasures due to subchannels fading. To mitigate the collision effects, an 
innovative idea is to exploit the Multiple Description Coding technique. More 
particularly, a specific packetization framework derived from the Priority 
Encoding Transmission is used to deal with the packet loss pattern. Numerical 
simulations, in view of Message Error Probability and Spectral Efficiency, 
show that the system still exhibit good secondary traffic robustness despite of 
the presence of primary reclaims, secondary collisions and subchannel errors.  

Keywords: Cognitive Radio, multimedia transmission, TDMA, Collision, 
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1 Introduction 

Last decades have witnessed an enormous proliferation of services and applications 
which has increased the need for more bandwidth leading to a real spectrum 
availability crisis. However, real measurements underline a low and discontinuous 
usage of the licensed spectrum in time and space [1] [2]. As a result, Cognitive Radio 
(CR) [3] brings a concept shift as a new paradigm to find strategies for enhancing and 
sustaining the growth of multimedia and wireless networks with limited spectrum. 

Characterizing reliability in Opportunistic Spectrum Sharing (OSS) [4] based CR 
networks is one of the major bottlenecks in the performance evaluation of multimedia 
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traffic transmission under secondary use constraints regarding the multiple 
interactions between primary (PUs) and secondary users (SUs) and between the SUs 
themselves. 

To overcome the problem of packet loss incurred by lossy CR environments, lost 
packets are modeled as erasures and error correcting codes could be employed [5]. 
This approach comprises two axes: channel coding and/or source coding. The channel 
coding is used to compensate for the corrupted packets and source coding permits 
recovering the secondary content up to a certain quality commensurate to the number 
of packets received. In this work and like in [6], we adopt a Multiple Description 
Coding (MDC) method which is among the most appropriate techniques widely used 
to communicate multimedia content over lossy packets network. 

1.1 Previous Works 

There exist little research efforts on the problem of secondary traffic transmission 
over Cognitive Radio networks using Multiple Description Coding. In [5], Kushwaha, 
Xing, Chandramouli and Subbalakshmi have studied the coding aspect over CR 
networks. Principally, the paper has given an overview of the multiple description 
codes as source coding well suited for use in CR networks. For simulation results, the 
paper has adopted the LT codes to combat the secondary use losses under the CR 
architecture model defined in [7]. This study was an attempt to give a general analyze 
of MDC applications on CR networks and no numerical results have been presented 
for this specific coding scheme. In [8], Husheng has investigated the use of MDC in 
cognitive radio systems to overcome the losses caused by the primary traffic arrival 
on the secondary applications that are delay sensitive with some tolerable quality 
degradation. Using a Gaussian source, he has proposed an algorithm to turn the 
selection of rates and distortions into an optimization problem for the expected utility. 
The primary users’ occupancy over each frequency channel was modeled as a Markov 
chain. Numerical results have been presented for real time image coding. However, 
this study has not considered the sharing aspect of CR networks due to the 
opportunistic spectrum access feature and consequently there is an additional packets 
loss average due to collision effects which degrades considerably the system Spectral 
Efficiency. Moreover, this study has considered only the Gaussian sources and need 
to be generalized to more sources types. Recently, in the paper [6], the issue of 
multimedia transmission over CR networks using MDC has been treated, but OSS 
conflicts have been omitted. 

1.2 Novelty of this Article 

The current work is addressing the multimedia transmission problem through 
opportunistic CR Systems in lossy environments. To solve this issue, the paper [9] has 
examined the possibility of using fountain codes under different subchannel selection 
policies in a noisy environment. Primary traffics are assumed to evolve following a 
Poissonian process. Herein and instead of LT codes, the MDC approach is considered. 
A Bernoulli distribution with parameter ap is used to modelize the arrival of the 
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primary user. As in [7], one packet is sent per subchannel. The network topology 
providing the infrastructure for the multimedia communication in a secondary use 
scenario is depicted and discussed. Particularly, our main attention is paid to 
multimedia applications that are delay constrained with a targeted distortion measure. 
So, the secondary stream delivery has a predetermined delay not to exceed, under 
some allowed distortion. Time Division Multiple Access (TDMA) method has been 
adopted as a mean for sharing the same CR infrastructure among multiple cognitive 
devices (SUs). Meanwhile, we have opted for an efficient time slot allocation. In fact, 
secondary users transmit one after the other, each principally using its specific time 
slot i with some probability q . Nevertheless, as far as the secondary transmission is 

opportunistic, the same secondary user could utilize the other slots if it has data to 
transmit out of its own slot like urgent packets or prioritized data, let p be the 
probability that this SU convey its packets in the remaining slots ij ≠ (Fig. 1) [9]. 

Realistic CR contexts are distinguished by their complexity and the multitude of 
factors involved in shaping their performance. Thus, for ease of exposition we are 
going to be concerned only with three chief factors influencing the reliability of the 
cognitive transmission: first, primary traffic interruptions causing harmful 
interferences to the secondary signal. Second, cognitive transmissions may collide 
with one another due to the fact that each secondary peer attempts to transmit 
opportunistically in the remaining slots reserved for the other secondary peers. Last, 
data packets may be disrupted because of subchannel characteristics like shadowing. 
In the present CR network model, collision occurs when two or more secondary users 
attempt to deliver a packet or many packets across the same Secondary User link 
(SUL) at the same time, in other words the dynamics between the competing 
secondary users where accessing the available secondary user links is the root cause 
of secondary mutual collisions. So it is clear that the occurrence of collisions may 
impede the performance of the CR network. Multiple Description Coding technique 
has been employed as a join source channel coding to cope with the specific pattern of 
loss examined, namely: primary traffic interruptions, packet collisions and subchannel 
fading. In deed, the media stream is progressively encoded using a scalable 
compression algorithm like the well known SPIHT [13]. The paper make use of a 
specific source coding structure that implements the Priority Encoding Transmission 
(PET) packetization technique of Albanese et al. [10] (Fig. 2). Different amounts of 
Forward Error Correction (FEC) are allocated to different message fragments 
according to their contribution to the image quality. The used FEC can be Reed 
Solomon codes [11] or any error correcting codes like Fountain codes [12]. Making 
use of the MDC in conjunction with the PET based packetization scheme in CR 
networks enables recovering the multimedia data content up to a certain quality 
commensurate to the number of received descriptions and provides reliability in 
various secondary applications against the resulting erasures.  

The remainder of this paper is organized as follows: In Section 2 the analytic 
expression of the Message Error Probability which considers primary traffic 
interruptions, TDMA collisions and subchannel characteristics is computed. Then, the 
Spectral Efficiency expression is derived. Section 3 evaluates the influence of the 
proposed model parameter settings on the secondary traffic transmission performance 
in view of the Spectral Efficiency and finally Section 4 draws some conclusions. 
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Fig. 1. Shared Cognitive Radio network 

2 Proposed Network Model 

2.1 General Analysis  

Consider an infrastructure based CR network collocated with a licensed network. The 
primary traffic evolves following a Binomial distribution and Secondary Users 
( ) MiiSU ≤≤1 share the temporarily unoccupied spectrum holes using the TDMA method 

(Fig .1). In particular, we aim at discussing the efficiency of the secondary multimedia 
service provision under delay constraints. Time is slotted into frames. The frame 
consists of M  slots each of the same time duration T .  

The practical model of the opportunistic spectrum access defined in [9] will be 
reused here. Each Secondary user iSU always transmits in its assigned slot i with 

probability q and transmits with probability p in the remaining time slots 
( 1−M slots). At the start of every slot i , a SUL is formed by selecting a set 

of S subchannels from different PU bands of the spectrum pool, let sensT denotes the 

SUL setup time. Then, iSU starts conveying its packets over this SUL during the data 

duration dataT . So, datasens TTT += . For simplicity of analysis and without loss of 

generality, data time should be confused with time slot [6]: dataTT ≈ . 

The probability of PU appearance on any subchannel is given by ap . ap is assumed 

to be independent for different subchannels. Let π  be the subchannel fading and noise 
probability supposed to be the same for all the subchannels. In a specific time slot, 
several SUs could be actives and using this slot for transmission or reception at the 
same time and over the same subchannel. Hence, collisions could occur on the 
network. 

To cope with unreliability in the proposed CR network model, MDC features are 
exploited to enable the provision of multimedia service to a meaningful degree. 

2.2 Problem Formalization 

The Multiple Description Encoded message is divided into L descriptions LllD ≤≤1)(  

and consists of N packets. Stream 1 is the first stream (most important data), and 
stream L  is the last stream (least important data). In fact, the SPIHT compression 
scheme [13] generates progressively a scalable bit stream from the initial image. Then, 
the bit stream source is partitioned into L  fragments LllN ≤≤1)( indexed in order of 

decreasing importance and each fragment is blocked into lK  source blocks. Some 
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redundancy amount (FEC) is added to each message fragment such that the sub 
stream lN  and the FEC form a description lD  (Fig. 2). Let lFEC be the length of FEC 

assigned to the thl ' stream where { }Ll ,,1∈ . We state that ll FECNN += . Unlike [6], 

the question of how much FEC amount to assign to each layer will not be addressed in 
this contribution. 

 

Fig. 2. Multiple Description Coding framework based on Priority Encoding Transmission 

The use of MDC on CR networks permits to improve the spectrum efficiency by 
sending only some descriptions instead of sending the whole stream. Thereby, the 
involved spectrum resources are minimized and service provision is ensured as long 
as packet losses did not reach a certain threshold corresponding to the lFEC protecting 

the given description lD . 

Under a targeted level of quality given by a certain description 0l
D

 
where { }Ll ,,10 ∈ , let u and v be two active secondary users (Fig. 1). The objective is 

to study the Spectral Efficiency of the communication vu → for the given 

description
0l

D . Define 
0,lerrP as the message error probability of the transmission 

vu → (Fig. 1). In the given scheme for secondary use, the message error 

probability
0,lerrP is introduced as the probability that the active cognitive user v could 

not reconstruct the stream
0l

D  sent by u . In other words, if (1) 1
0

+lFEC or more 

subchannels got jammed due to the arrival of PUs, or (2) the transmission vu → is 

subject to collisions affecting at least 1
0

+lFEC packets , or (3) the corrupted packets, 

due to fading and noise, overcome the FEC average
0l

FEC , the thl ' description of the 

message can not be successfully reconstructed at the receiver. 
Then,

0,lerrP is computed as: 

0000 ,,,, lfadinglcollisionlreclaimlerr PPPP ++=  . (1) 
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0, lreclaimP  is the probability that the active Cognitive user v  fails to receive 

0l
N packets over the selected SUL due to primary traffic interruptions. 

0, lcollisionP  is 

the probability that there is at least 1
0

+lFEC  secondary communications that coincide 

at the same time slot over the same subchannels in the selected SUL.
0, lfadingP is the 

probability that at least 1
0

+lFEC subchannels are subject to fading and noise. 

2.3 An Analytical Expression for 0, lreclaimP  

This communication will succeed only if at most 
0l

FEC  subchannels are claimed by 

their associated licensed users. Hence, the message error probability for the secondary 
users, which takes into consideration only the Primary traffic interruptions, is given by: 

( ) nN
a

nFEC
a

N

n
l

ll
lreclaim

ll

l

pp
nFEC

FECN
P −+

=

−









+

+
= 00

0

0

00
0

1
1

,  . (2) 

2.4 An Analytical Expression for 0, lcollisionP  

Let i be the time slot assigned to the active Cognitive user u and vDeg  defined as the 

number of neighbors of the active cognitive user v  ( ( ) 41 ≤≤i
v
iSU in Fig. 1). 

Let cP  be the probability that there is some collisions perturbing the transmission 

vu → on a given subchannel. As shown in [9], cP can be written as: 

( ) ( ) ( ) ( ) 11
211

1 −−−−−+−−= vDeg
c p

M

qppMpq
P  . (3) 

The description
0l

D is considered useless if the collisions occur on at least 

1
0

+lFEC subchannels. Hence, using (3), the total average probability of collisions for 

the description
0l

D is:  

( ) iN
c
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2.5 An Analytical Expression for 0, lfadingP  

π is assumed to be the subchannels shadowing coefficient. Then, 

( ) iNiFEC
N

i
l
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l

iFEC

FECN
P −+

=

π−π
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0
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From (2), (4) and (5), 
0,lerrP is completely defined.  

The spectral efficiency of the given description 0l could be written as: 

( )
data

llerr
l TWS

NLP
Eff

××
××−

= 00
0

,1
 . (6) 

Where W is the subchannel bandwidth and L is the packet length. 

3 Numerical Results 

For these experiments, we used Lenna image compressed with SPIHT using a bit rate 
of pixelbitr 146.0= for data and FEC bytes. We consider an ATM transmission.  

ATM Packets consist of 48 bytes where 1 byte is reserved for sequence number. 
Therefore, a total of 100=N packets are needed. The image needs to be transmitted 
over a TDMA CR network in a maximum delay of msTdata 1= . Subchannel bandwidth 

is kHzW 100=  and the estimated traffic average on the assigned slot i is %98=q . 

ap and π has been fixed respectively at 0.08 and 0.02. 

Fig. 3 depicts the impact of the average traffic in the remaining slots ij ≠  on the 
message error probability

0,lerrP . vDeg and M values has been fixed respectively at 1 

and 5. As it is seen and according to what was theoretically expected, the message 
error probability performs good results where increasing the number of FEC packets. 
In deed, at a specific time slot, as long as the number of subchannels that will carry 
the FEC packets increases, it become very unlikely that two Secondary Users 
transmits over the same subchannel and consequently more chance to avoid 
collisions. It is also interesting to note that, for some FEC values, there is an 
optimal p value that minimizes the message error probability. Carefully designing the 
opportunistic transmission plays a critical role in cognitive radio systems to reach a 
good compromise between efficient sharing of licensed spectrum and reliability.  
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Fig. 3. Message Error Probability for 1=vDeg and 5=M  
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Fig. 4 illustrates the achieved Spectral Efficiency over Cognitive Radio network 
shared by several SUs using TDMA technique plotted against the probability p . Here, 
the impact of the FEC on the traffic transmission performance is analyzed. The 
following settings 1=vDeg and 5=M  are fixed. Thus, on one hand we find an optimal 

p value ( )%40≈p  that maximizes the system Spectral Efficiency and on the other 
hand, the quantity

0l
Eff attains another maximum at a specific value of 

FEC ( )78≈FEC . For large number of FEC, i.e. a big amount of protection, 
transmission is reliable and consequently the probability of messages error is small 
which increases the Spectral Efficiency. However, large number of FEC results in a 
reduced number of information symbols

0l
N which degrades the Spectral efficiency. 
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Fig. 4. Achieved Spectral Efficiency for 1=vDeg and 5=M  

In Fig. 5, the computed Message Error probability is given versus the probability p ; 
simulations were run for several FEC values, 5=M and 3=vDeg . It can be observed 

that high traffic performance in view of 
0,lerrP  is attained where 

increasing
0l

FEC values. Nevertheless, where increasing vDeg for 1 to 3, the message  
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Fig. 5. Message Error Probability for 3=vDeg and 5=M  
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error probability has been increased. It is obvious that where increasing the number of 
neighbors, the chance that this SU interferes with the other active cognitive users get 
increased. On the other hand, it is noticed that there is no optimal value of the 
probability p maximizing the system Spectral Efficiency. 

Fig. 6 represents the Spectral Efficiency against the probability p for several values 
of

0l
FEC . The slots number has been fixed at 5 and vDeg has been increased to 3. The 

Spectrum Efficiency has been degraded by increasing the number of neighbors of the 
active CR user v . The reason is obvious, more neighbors means more active SUs 
which will arouse more collisions.  Where increasing the amount of FEC, the 

0l
Eff improves and there is no local maximum of the graph which means that 

increasing the traffic p decreases the efficiency of the spectral resources for those 
specific system parameter settings. 
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Fig. 6. Achieved Spectral Efficiency for 3=vDeg and 5=M  

4 Conclusion 

In this paper, the issue of delay constrained multimedia transmission over Cognitive 
Radio networks is examined. In deed, the TDMA frame is opportunistically shared by 
several SUs. We have suggested the use of MDC approach to improve the efficiency 
of CR networks against the unreliability caused by primary traffic reclaims, 
opportunistic collisions and subchannels shadowing. The numerical simulations have 
been presented in terms of the Message Error Probability and the Spectral Efficiency. 
The achieved results prove the effectiveness of the given solution to achieve a good 
balance between several system parameters and the packet loss pattern. 
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