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Absfrad In this paper, we suggest a new measure for 

system resource consumed in each transmission so as 

to improve the overall performance of WCDMA 

systems. In existing discussions of resource allocation 

for WCDMA, they only consider ‘time slots” or 

“transmission rates” are considered, hut ignore 

“power”, a valuable resource in WCDMA systems. In 

WCDMA, the total power level of all users needs to 

be maintained under a certain threshold. However, a 

higher transmission rate needs a higher power level. 

This conflict between the transmission rate and the 

power level renders existing resource allocation 

schemes inadequate. In this paper, we define a new 

metic to capture the system resource consumed in one 

transmission and propose a credit-based fair 

scheduling mechanism based on the defined new 

metric. We verify this definition with some existing 

adaptation schemes and also provide simulation results 

to show the faimess among multiple users using the 

proposed credit-based fair scheduling mechanism. 
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I. Introduction 

The Wideband Code Division Multiple 

Access (WCDMA) system is an 
interference-limited system. In other words, the 

total power level from all users in a cell has to be 

controlled under a certain threshold. As such, 

users can be prevented from severe power 

interference. On the other hand, the transmission 

rate of each user is proportional to the power 

level allowed to use. The higher the data rate, the 

higher the power level needed. As a result, users 

may use excessive power level to reach the 

desired data rates in the absence of arbitration. In 
the literature, many issues relating to fair 

scheduling [I-71 and users’ power constraints 

have been studied [8]. However, little attention 

has been paid to discuss the conflict between the 

transmission rate and the power level. In this 

paper, we discuss the resource management for 

the WCDMA system under which these two 

trade-offs are considered. We then define a new 

metric of system resource utilization for 
WCDMA systems and propose a credit-based fair 

scheduling mechanism based on the new defined 

metric. 

The rest of the paper is organized as follows. 

In Sec. 2, the new metric is defined, and verified 

with existing adaptation schemes. In Sec. 3, a 

credit-based fair scheduling using the newly 

defined metric is proposed. The simulation 

results are also provided to show the performance. 

Finally, the paper is concluded in Sec. IV. 

11. New Metric of System Utilization 

To improve the resource utilization of the 



Figure 1. Rate adaptation scheme 

system under such conflicting constraints, we 

revisit the definition of system resource in the 

WCDMA system. Traditionally, resource 

allocation is primarily concemed only with “time 

slot” or “rate” allocation. One research attempt is 

to make all users fairly (or proportionally) share 

the system resource defined as “time slots.” In 

other words, “bandwidth” is the only important 

system resource. This definition may work in 

wired networks, but may not be appropriate in the 

WCDMA system, because “power” is also a 

valuable resource in the WCDMA system. 

In this paper, we consider both user’s 

transmission rate and the power level in resource 

allocation. To correlate the transmission rate with 

the corresponding power level, we define a new 

metric C =  R(p& to indicate how much i 0 

system resource is consumed in one transmission. 
Here R ( p )  is a function to determine the 

transmission rate of a user when its power level is 
at p ,  and L is the power level used in one 

transmission. This metric can reflect the usage of 

the system resource more accurately in many 

transmission schemes and can also serve as a 

measurement parameter for resource management 

in WCDMA. 
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Figure 2. Power adaptation scheme 

To verify OUT new definition, we consider 

two adaptation schemes in a system with two 

channel states: a normal channel state (and the 

corresponding transmission function is R I )  and 

an inferior one (and the corresponding 

transmission function is R2). We assume that the 

slope of R2 is half that of RI. Fig. 1 shows the 

rate adaptation scheme, in which the power level 

of a user is fixed at a constant level and the 

transmission rate is changed according to 

different channel states. From Fig. 1, we observe 

that if the power level of a user is always fixed at 

PO, the user will have a lower data rate in the 
inferior channel state (e.g., Ra is half of Rb), thus 

also having a smaller C value (C value for Rb is 

half that of Ra). Fig. 2 shows another scheme 

called the “power adaptation scheme,” in which 

the power level of a user is adapted to different 

states so as to maintain the transmission rate at a 

constant level. From Fig. 2, we see that the user’s 

power level has to be increased from PO to PI to 

maintain a constant transmission rate Ra, and the 

C value for the user in the inferior channel state is 

twice that in the normal channel state. 

Based on our new definition of system 

resource, we claim that the power adaptation 

scheme consumes more system resource than the 

rate adaptation scheme, because the former has a 



larger C value than the latter. This conclusion is 

intuitively satisfying because power adaptation is 

originally designed for those users which need 

more system resources (e.g., real-time 

applications) and the rate adaptation is designed 

for those which need less resources (e.g., non 

real-time applications). 

111. Credit-based Fair Scheduling Scheme 

The new definition of the system resource 

consumed by users (i.e., the C value) can be used 

as a new metric for many different resource 

management technologies. For example, we 

could use this C value as the basic unit in the fair 

scheduling mechanism for WCDMA systems, 

instead of the time slot or transmission rate as in 

traditional mechanisms. To show how it works, 

we demonstrate a credit-based scheduling 

algorithm based on the proposed definition. The 

detailed operation is summarized as follows. 

Algorithm 

Initialization phase 
Vi,[ E (1 ,.... N } ,  Set C, t o 
Operation 
1) Choose those queues { I ,  ,...,Ik} which are 

backlogged; 

2 )  Update C,, t min{C,, + D,B)  , 

i E {1, ..., k }  and B is a bound on credit value 

3) while any possible transmission schemes 

existing in all queues do 

(i) Choose the queue I which has the 
biggest valueC,, i e  {1 , . . . ,k};  

(ii) According to the channel state, assign 
proper transmission power 4 , then get 

the corresponding data rate R I ,  and let 

queue1 use this scheme for transmission 

L 

(iii)Update C, t C, - SR(p)dp 
0 

4) end while 
5) Goto step 1) 

In this algorithm, we use the value C as the 

credit unit, rather than the transmission rate. As in 

all credit-based mechanisms, the unused credit 

can be accumulated for future use. Each user is 

associated with three parameters, i.e., a credit, a 

usage, and an excess, where excess = usage - 

credit. The one with the least excess value can 

transmit first. 

We also perform simulations to evaluate the 

performance of the credit-based mechanism. Ten 

different users compete to access the same 

channel. Fig.3 shows that the fairness bound of 

the credit-based algorithm is limited under 

different inter-arrival time and different service 

time. In other words, the fairness is maintained. 

Fig.4 shows the average throughput of ten 

different users. We see that the ten users have the 

same average throughput even when the power 

level is also taken into accounts. This proves that 

all users can fairly share the resource in WCDMA 

systems. 
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Figure 3. Fairness bounds 
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Figure 4. Average throughput of each user 

IV. Conclusions 

In this paper, we suggest a new criterion of 

system resource for resource management in 

WCDMA systems. We verify this definition with 
some existing adaptation schemes and further 

demonstrate how to use our new definition in the 

credit-based fair scheduling mechanism to 

properly allocate resource allocation. From the 

simulation results, we show the faimess among 

multiple users using the proposed credit-based 

fair scheduling algorithm is maintained and all 

users still have the same average throughput. 
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