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Abstract 

 

 In this paper, we propose a cooperative bandwidth allocation strategy for conventional multi-rate 

transmission in wireless networks. It efficiently assigns the available bandwidth according to the transmission rate in 

order to enhance the overall performance without additional power consumption. The low rate users cooperate with 

the high rate users by dedicating a part of their bandwidth to either relay the data or send a part of it. A thorough 

performance assessment is performed to evaluate the proposed strategy against the conventional management that 

fairly share the bandwidth regardless of the transmission rate. The cooperative strategy illustrates in terms of the 

probability of error and outage an enhanced performance and remarkable capability to support higher rates under 

different transmission conditions.  

1. Introduction 

 

 The wireless networks supporting terminals with multi-rate requirements use two types of management; 

conventional (non-cognitive), and cognitive types. The cognitive types are aware of some transmission parameters 

according to which link adaptation operations, such as modulation and coding, take place for each transmitting rate 

[1]. While the conventional type known as Rate-Matching fairly share the available resources regardless of the 

user’s transmission rate which is judged to be a waste of the network resources [2,3]. Most of the practical systems 

such as the Universal Mobile Telecommunications Systems (UMTS) utilize variable length orthogonal spreading 

codes like the Orthogonal Variable Spreading Factor (OVSF) codes[2,3]. According to the Rate-Matching 

algorithm, the terminals with high rate requirements are assigned short spreading code lengths while terminals with 

low rates requirements are given very long spreading code length such that the spread data fulfill the entire user’s 

bandwidth. This result in very large spreading factors, un-necessarily, for terminals with low rates and very small 

spreading factor, which holds back the performance, for terminals with high rates. 

 

 The efficient use of the networks available resources is the best way to attain better quality of service 

especially for multi-rate transmissions; this gave the attention to the paradigm of cooperation [4-7].  This paper 

seeks to enhance the performance the conventional multi-rate transmission using a cooperative strategy that 

efficiently allocates the resources according to the transmission rate without additional power consumption at the 

cooperating terminal. The low rate terminals transmit their information using a part of their bandwidth size and 

cooperate by relaying/sending a part of the high rate terminal’s information on the remaining part. The two 

strategies are adopted; relaying the high rate data, the Relaying strategy and sending a part of its data, the Re-

Allocation strategy. A thorough performance assessment is performed to evaluate the proposed strategies against the 

conventional transmission under different transmission conditions. They provide better quality of service to the high 

rate user without affecting the quality of the low rate user, found to be more resistant to channel variation due to 

cooperation, and capability to support higher transmission rate with no additional cost. The paper is organized as 

follows; section 2 carefully discusses the proposed cooperative strategies, section 3 observes a conventional multi-

rate transmission algorithm to evaluate the cooperative and conventional transmission, and section 4 is the paper 

conclusions. 
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2. The Proposed Cooperative Multi-Rate Transmission. 

 This paper proposes a cooperative paradigm that efficiently re-allocates the bandwidth in a conventional 

multi-rate transmission framework so that the quality of service of the high rate user is enhanced with slight changes 

to that of the low rate user. The proposed paradigm provides, virtually, larger bandwidth to the terminals with high 

rate and smaller ones to those with low rate. Two strategies are employed; relaying and re-allocation strategy. In 

either case, the terminal with low rate requirements is assigned to cooperate with partner transmitting high rates 

using a part of its bandwidth and power. This operation is performed without the need of more power consumption 

at the cooperating terminal. We consider a CDMA based cellular system supporting multi-rate transmissions in 

which the users are able to cooperate in both the uplink and the downlink to forward each other data. The two 

proposed strategies apply different duplexing mode: the relaying strategy is based on half-duplex while the re-

allocation strategy needs full-duplex for the uplink transmission and half-duplex for the downlink. In each phase of 

the cooperative paradigm, the base station ties-up a low rate user to cooperate with a partner with high rate 

requirement.  

 

 The Relaying strategy is a decode-and-forward based cooperative strategy; the low rate user utilizes a part of 

his bandwidth to relay a copy of the high rate user data using short spreading codes. The high rate data utilizes two 

spreading codes one for spreading on its own bandwidth and a shorter code for the relay information. The low rate 

data is spread using a short spreading code making the bandwidth half occupied. We will now start displaying the 

uplink transmission knowing that the downlink transmission is similarly applied. Each symbol is transmitted 

through two intervals; during the first interval the high rate user transmits its first symbol, spread by its longer code, 

to the base station and the low rate user (the partner).  Equation (1) shows the high rate user’s transmitted signal dHy ,  

and that of the low rate user dLy , , the equations here are similar to the Rate-Matching transmission.                 

                                               
dHHHdHHdH nxChPy ,,, +=
            ,              

dLLLdLLdL nxChPy ,,, +=
                               (1) 

 

 Where 
iP  denotes the power transmitted from the source i, CH is the user’s spreading code, dih ,  is the Rayleigh 

channel fading coefficients between the point i and d, x is the transmitted symbol with unit power, din , denotes the 

AWGN, H refers to the high rate user, and L represents the low rate user. While during the second interval, the 

partner sends its own information using its spreading code CL on part of its bandwidth. Besides, it relays the high 

rate user information to the destination on the remaining part of its bandwidth using the short spreading code CH’ as 

shown in Equation (2). 

(2) 

 

Simultaneously, the high rate user repeats the same procedure to start his second symbol. Meanwhile, the base 

station de-correlates the information received from both intervals. Equation (3) expresses the resulting high rate and 

low rate user’s signals YH and YL  respectively. 
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Then, the base station coherently combines them using a maximal ratio combiner MRC. Equation (4) shows the 

extracted information; it is multiple access interference MAI free due to the use of orthogonal codes OVSF. 
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Two factors are carefully watched the spreading code length and the transmitted power. The total transmitted 

power/symbol PH=PL=P is invariant for all users, the low rate user power equally shared during the cooperation 

either to send the user’s data or to relay the high rate user data.  

 

        Using the Re-Allocation strategy, the base station is efficiently allocating the available bandwidth to the users 

according to their rate requirements. The high rate data following this cooperative framework is divided using 

decimation into two signals by the ratio 1/b and (b-1)/b respectively. The later part of the signal is spread and sent 

over the user’s own bandwidth to the destination while the other part of the signal with rate 1/b is spread and send 

over a part of the partner’s (low rate user) bandwidth as shown in equation (5). 
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The spreading codes lengths used for the high rate user differ among both bandwidths according to their size. The 

power constraint used in the relaying strategy applies for this strategy too. Finally, the base station gathers up these 

signals profiting from the orthogonal spreading codes and send it as a multiple-access signal. At the receiver at each 

user de-correlates the received signal using its code(s), the de-correlation process of the low rate data is 

straightforward while the high rate user’s data is expressed by equation (6).  

 

(6) 

 

The high rate user needs two parallel branch matched filter, one matched to CH and the other to CH’. The data 

received over its own bandwidth if first processed then followed by the data received over the partner’s bandwidth. 

The re-allocation strategy increases the user’s capability to support higher rates using the same resources compared 

to the Rate Matching algorithm as shown in the next section. The pre-described Re-Allocation details is a downlink 

half-duplex transmission, the uplink full-duplex based procedure is similar.  

3. The Simulation Results. 

 In this section, we consider two users’ based cellular system supporting conventional multi-rate transmission; 

orthogonal variable length spreading codes OVSF are used and the users fairly share the bandwidth and power 

resources. Under the effect of Rayleigh flat fading channel and AWGN, we simulate both the Rate Matching 

algorithm as well as the proposed strategies to evaluate their efficiency. The selection of the spreading code length 

takes into consideration each strategy requirements and the bandwidth size while for the re-allocation strategy the 

decimation factor takes the value of ½. The probability of error is first observed for both user’s under the effect of 

similar value of Rayleigh flat fading channel. Figure (1-a) illustrates at low values of signal-to-noise ratio (SNR) a 

range of 0.5 db performance degradation while for high values of SNR nearly 1 db degradation takes place using 

both proposed strategies. On the other hand, Figure (1-b) demonstrates a remarkable enhancement on the high rate 

user performance. The Relaying strategy provides 1 db enhancement compared to 0.2 db for the Re-Allocation 

strategy for high SNR range. Then the resistivity of the proposed strategies to channel variations is investigated, the 

low rate user channel is kept invariant and severe channel deterioration is assumed for the high rate user. The 

Relaying strategy leads to 2 db enhancement on the high rate user performance compared to 0.5 db using the Re-

Allocation strategy under the effect of high values of SNR.  Next, the probability of outage of both users’ is 

investigated for different levels of Rayleigh flat fading channel under the constraint of the quality of service. The 

probability of error is restricted to a pre-specified threshold of 10
-3

 for the low rate user and 10
-6

 for the high rate 

user. Figure (2-a) illustrates an enhancement of 50% using the relaying strategy and 30% utilizing the re-allocation 

strategy compared to the rate matching algorithm while the low rate user outage is hold back by only 10%. Finally, 

the re-allocation strategy capability to support higher rates compared to the rate matching algorithm is tested using 

the same resources and shorter spreading codes. Figure (2-b) shows similar performance of the high rate user 

transmitting R-2R using the Rate Matching algorithm and R-3R using the Re-Allocation strategy at no additional 

cost. The analysis of these results show remarkable performance enhancements using the proposed strategies and 

illustrate resistivity to channel variations due to the cooperation procedure. The Relaying strategy generally leads to 

better performances but the Re-Allocation strategy is capable to support higher rate without additional cost.   

4. Conclusions 

 In this paper, a resource allocation strategy applying a cooperative paradigm in wireless networks is proposed  

that support conventional multi-rate transmissions. Two cooperative strategies were proposed; the relaying strategy 

and the bandwidth re-allocation strategy. The Relaying strategy is convenient for either half-duplex downlink or 

uplink transmission on the contrary to the Re-Allocation strategy that requires full-duplex for the uplink and half-

duplex the downlink transmission. Either strategy provided an enhanced performance for the high rate user 

performance compared to the Rate Matching algorithm and resulted in a reasonable performance lag for the low rate 

user. On the other hand, the proposed cooperative procedure both strategies were more resistant to channel 

degradation. Moreover, the bandwidth re-allocation strategy increased the system capability to support higher 

transmission rates with no additional cost.  
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                                                   (a)                                                                                  (b) 

  Figure(1)  The Probability of error versus the signal-to-noise SNR under the effect of a Rayleigh fading 

channel using the proposed  and conventional transmissions. The low rate user ( R) performance is displayed in (a) 

and The high rate user( 4R) performance is displayed in (b). 

 
0.1 0.15 0.2 0.25 0.3 0.35 0.4
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8
High Rate User Pr Outage

Rayleigh Fading Coefficient

P
ro

b
a
b
il
it
y
 o

f 
O

u
ta

g
e

 

 

Rate Matching - R & 4R

Relaying - R & 4R

BW Allocation - R & 4R

             
0 2 4 6 8 10 12 14

10
-4

10
-3

10
-2

10
-1

High Rate User Performance

Signal-to-Noise- Ratio db 

P
ro

b
a
b
ili

ty
 o

f 
E

rr
o
r 

P
e

 

 

Rate Matching - User R & 2R

BW Allocation-R & 3R

Rate Matching -User R & 4R

BW Allocation-R & 5R

                                
(a)                                                                                   (b) 

Figure (2) The high rate user probability of outage versus the Rayleigh channel coefficient using conventional and 

proposed strategies is displayed in (a). The high rate user probability of error versus the signal-to-noise SNR for 

different transmission conditions using the conventional and proposed strategies is shown in (b). 


