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Abstract
In this paper, we study utility-based maximization for resource 
allocation in the downlink direction of centralized wireless 
networks. We consider two types of traffic, i.e., best effort and 
hard QoS, and develop some essential theorems for optimal 
wireless resource allocation. We then propose three allocation 
schemes. The performance of the proposed schemes is evaluated 
via simulations. The results show that optimal wireless resource 
allocation is dependent on traffic types, total available resource, 
and channel quality, rather than solely dependent on the channel 
quality or traffic types as assumed in most existing work. In this 
paper, we also focus on “user satisfaction” for resource allocation 
to avoid such a “throughput-fairness” dilemma. Since it is unlikely 
to fully satisfy the different demands of all users, we turn to 
maximize the total degree of user satisfaction.
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I. Introduction
Resource allocation is an important research topic in wireless 
networks .In such networks, radio resource is limited, and the 
channel quality of each user may vary with time. Given channel 
conditions and total amount of available resource, the system may 
allocate resource to users according to some performance metrics 
such as throughput and fairness.
“Throughput” and “fairness,” however, are conflicting performance 
metrics. To maximize system throughput, the system will allocate 
more resource to the users in better channel conditions. This may 
cause radio resource monopolized by a small number of users, 
leading to unfairness. On the other hand,
to provide fairness to all users, the system tends to allocate 
more resource to the users in worse channel conditions so as to 
compensate for their shares. As a result, the system throughput 
may be degraded dramatically. 
The telecommunication systems are probably the most deployed 
real-time systems. Specifically, the wireless networks have seen 
the explosive growth in the recent years, with the increase in 
mobile subscriber penetration throughout the world. Also, our 
dependency on these systems continues to increase. We expect 
them to provide high availability, and to degrade gracefully when 
components fail. Along these lines, other than minimal down-
time associated with scheduled software/hardware upgrades, 
every wireless network is expected to be in-service 100% 
of the time to maximize customer satisfaction and to comply 
with the government regulations. Since it is extremely hard to 
guarantee 100% reliability of SW and HW elements, redundancy 
mechanisms are used to achieve high reliability. Two commonly 
used mechanisms are dual redundancy and N+1 redundancy. In 
dual redundancy configuration, each active HW unit is backed up 
by identical HW unit which is ready to take-over the processing 
any time. Typically switchover happens automatically when a 
SW crash or HW failure is recognized in the active unit. In N+1 

redundancy configuration, there are no dedicated standby units. 
Instead, processing is load-shared among the available units. When 
one unit fails, it is taken out of service and the system continues 
to operate at reduced max capacity. Unlike the land-line telecom 
network, more intelligent & complex components (primarily base 
stations) are distributed spatially in the wireless access network. 
Unfortunately, this also increases the likelihood of the component 
failures in the base stations. To keep up the high availability and 
the maximum capacity, the network technicians are required to 
make a site-visit whenever a base station component fails. Such 
site-visit is a primary reason for high Operating Expenses (OPEX) 
for the wireless network, compared to the land-line network. The 
wireless service providers are keen to reduce OPEX and improve 
their operational efficiency. While taking the network elements 
out of service upon fault recognition sounds simple enough, 
there is another scenario in which an emergency site-visit is 
needed: Complex network elements’ performance may degrade 
considerably, even when no faults/alarms are detected. So, the 
system continues to use the defective resource. Depending on 
the resource allocation algorithms used, such scenarios can cause 
noticeable performance impact to the users.
We are not the pioneer to study utility-based resource management 
in wireless networks. Proposals [6-10] are the examples which 
are based on the utility functions of different objectives for 
wireless networks. In [6], a utility-based power control scheme 
with respect to channel quality is proposed. In that scheme, users 
with higher SIR values have higher utilities, and thus are more 
likely to transmit packets. Therefore, the wireless medium can 
be better utilized and the transmission power can be conserved. 
The work in [7] propose a utility based bandwidth allocation 
scheme, which can adapt to channel conditions and guarantee 
the minimum utility requested by each user. In [8-9], the authors 
design a utility-based fair allocation scheme to ensure the same 
utility value for each user. However, letting users with different 
traffic demands to achieve an identical level of satisfaction may 
not be an efficient way of using wireless resource. Worse, traffic 
which is difficult to be satisfied tends to consume most of the 
system resource, leading to another kind of unfairness. In [10], a 
utility-based scheduler together with a Forward Error Correction 
(FEC) and an ARQ scheme is proposed. That work gives lagging 
users more resource and thus results in a similar performance 
level (i.e., fixed utility value) for each user. The work in [19-20] 
targets at multi-hop wireless networks. Utility functions have 
also been widely used in Internet pricing and congestion control 
[11]. Many bandwidth pricing schemes have been proposed for 
wireless networks [12-16].
The typical approach is to set a price to radio resource and to 
allocate tokens to users. The objective is then to maximize the 
“social welfare” through a bidding process. These kinds of 
bidding schemes, while useful for Internet pricing and congestion 
control, may not be practical for wireless networks. In wireless 
environments, the types of traffic, the number of users, and channel 
conditions are all time-varying. It would be very expensive to 
implement a wireless bidding process because the users would 
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have to keep exchanging control messages for real-time bidding, 
and the control protocols of the wireless system would also have to 
be modified to accommodate this process. Finally, the complexity 
and efficiency of wireless bidding have not been analyzed. It is 
hard to estimate the time elapsed to achieve the Nash equilibrium. 
In this paper, we study the wireless resource allocation problem in 
the downlink of a wireless network with a central control system, 
such as a cellular base station, and attempt to maximize the total 
utility of all users without a bidding process. We consider two 
common types of traffic: hard QoS and best effort traffic, and 
propose three allocation algorithms1 for these two types of traffic, 
namely,

The HQ allocation for hard-QoS traffic,1. 
The elastic allocation for best effort traffic, and2. 
The mixed allocation for the co-existence of both types of 3. 
traffic. 

These three allocation schemes are all polynomial time solutions 
and proved to be optimal under certain conditions, and in any 
case, the difference between the total utilities obtained by our 
solutions and the optimal utility are bounded. We also develop 
some theorems as the general design guidelines for utility-based 
resource allocation in wireless networks. The performance of 
the proposed schemes is validated via simulations. The results 
show that optimal wireless resource allocation depends on the 
traffic demand, total available resource, and wireless channel 
quality, rather than solely dependent on channel quality or traffic 
type as assumed in most existing work. The rest of the paper is 
organized as follows. In Sec. II, three wireless allocation schemes 
are proposed and proved to be optimal under certain conditions. 
Some theorems are developed as design guidelines for utility-
based resource allocation schemes. In Sec. III, the performance 
of the proposed schemes is validated via simulations.

II. Traditional Resource Allocation Algorithms

A. Round robin algorithm
The round robin algorithm has been studied & used for the past 
three decades [4]. Its variations have been used in various type of 
scheduling algorithms and a lot of research work can be found in 
the recent literature [1-6 ]. It is the simplest resource allocation 
scheme & it works as follows: The resource banks are placed in a 
circular list, and a resource allocation pointer points to the resource 
bank that will be used for the next allocation request. Then, the 
pointer is incremented to point to the next resource bank in the 
list. Also, if all resources in a bank are busy, then no resource can 
be allocated from that bank, and that bank is skipped during the 
resource allocation. If all resources in all banks are busy, then 
the resource allocation request fails. While the calls are evenly 
distributed to all banks by the round robin algorithm, perfect load 
balancing among banks occurs only if each resource is utilized 
for a fixed duration. Since the call duration varies between call to 
call, pure Round-robin scheme may result in uneven utilization 
of resources. In the load balancing scheme, current least loaded 
resource bank is allocated to the incoming call. This algorithm 
tends to achieve more even utilization of resources, since call 
duration varies from call to call. This is a suitable algorithm 
if the resource bank cannot perform optimally at full load, or 
resource bank’s performance starts to degrade at high load levels. 
For example, this algorithm is suitable for T1 selection when 
the data rate for each call continues to vary throughout the call. 
While there is no need to have a fixed limit for the max # of calls 
for each T1, higher the load on T1 means higher probability for 

degradation in performance, i.e. packet loss. Note that both of 
these algorithms tend to work similarly when the # of resources 
in each resource bank are high, since the average call duration in 
each resource bank tends to converge. 

1. Issues with traditional resource allocation schemes
There are two major issues with traditional resource allocation 
schemes.
Non Alarming faulty Hardware – possible reasons.
Performance degradation of resource.

(i). Non Alarming Faulty Hardware
Any network element can encounter hardware or software 
failure and stop working. Typically, such failures are handled 
by the Fault Management subsystem while the resource status is 
tracked by Status Management subsystem. Whenever a hardware 
failure occurs, Fault Management subsystem generates an alarm 
indicating hardware failure. The Status Management subsystem 
then updates the resource status in the resource database and marks 
it unavailable for call processing. The resource manager allocates 
the resources of a particular bank only if that bank is marked 
available in the resource database. This mechanism ensures that the 
calls are not allocated to faulty network elements. However, there 
are scenarios in which alarms may not be generated/ processed:

(a). Unable to detect failure
 Wide varieties of mechanisms are used to detect failures/ 
anomalies within each network element. A primitive mechanism is 
to keep pinging (a.k.a. keep-alive messages) each network element 
periodically; this ensures that the low level software is alive and able 
to respond. Depending on the purpose and design of the network 
element, sophisticated mechanisms may vary, e.g. BS channel card 
may use one byte of shared memory to indicate the proper handling 
the traffic frames. But, such sophisticated mechanisms may not be 
available for all network elements. Even when such mechanisms 
are present, there is no guarantee that all hardware and software 
failures will be detected. In our experience, we have found that 
it is hard to generate alarms for a few application level software 
issues like data corruption. When the failures remain undetected, 
no alarm is generated, and the resource manager continues to 
allocate calls to the failed resource.

(b). Message loss
 Even when the alarm is actually generated, if the status update 
message fails to reach the status management subsystem due 
to internal message loss, the resource manager will continue to 
allocate calls into that resource bank. Likelihood of such message 
loss is higher during the peak hours of traffic, since the system 
is already handling a heavy load of messages for call processing 
and the message queues may possibly overflow. This creates a 
mismatch between the actual resource state and its status in the 
resource database. Thus the resource manager continues to allocate 
calls to a faulty resource.

(c). Human error
 Incorrect network configuration data may wrongly indicate that 
the resource is available for processing calls. If the resource 
availability cannot be easily verified by software, then the tendency 
is to assume that the resource is available and use it. So the resource 
manager will keep allocating calls to that unavailable/incorrectly 
configured resource.
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 Non Alarming Faulty Hardware

Fig.1:  Second T1 to a site became abnormal

While we recognized that the round robin algorithm and the load 
based algorithm behave similarly in resource allocation, the call 
block performance for each algorithm is quite different when a 
non alarming faulty resource bank is present. Let us assume there 
are N resource banks and one of them is a non-alarming faulty 
resource bank, then the call block ratio will be (1/N) when round 
robin algorithm is used. For the same scenario, call block ratio 
can be lot higher when the load based allocation algorithm is used. 
Since the calls allocated to the faulty resource bank are cleared up 
quickly, the faulty resource bank tends to be the least loaded one 
most of the time. So, the resource manager tends to allocate more 
calls into that faulty resource bank compared to other resources, 
increasing the overall call block ratio.
Fig. 1, shows the performance degradation observed in a site of a 
commercial wireless network, when 2nd T1 became abnormal but 
the status update message was lost before reaching the resource 
manager. The load based allocation was used to select the T1 for 
each call request. Since all calls allocated to the second T1 failed, 
the algorithm kept assigning more calls into the second T1 and 
the call block rate became close to 100%, even though another 
T1 was working perfectly.

(ii). Performance Degradation of Resources
As the complexity of network elements continues to rise, there 
will be instances in which resources degrade in performance due 
to hardware or software issues, but they continue to work at that 
degraded level. Sometimes, the devices may degrade in their 
performance slowly over several days before reaching a point of 
complete failure. While it is easy to recognize & alarm the device 
failure when the device actually stops working, it is relatively 
harder to recognize and alarm the performance degradation of 
a resource.

Fig. 2:  One out of  2 packet data processors become abnormal 
over time

Fig. 2, shows the packet data call block performance observed in 
a commercial wireless network when one of the two packet data 
processors at the BSC became abnormal over a few hours. That 
processor continued to accept a percentage of calls, but sizeable 
% of calls was not setup properly. The BSC used the load based 
algorithm to assign the packet data processor to the incoming call 
requests and allocated more calls to the “misbehaving” processor 
even though the other processor was working perfectly.

B. Weighted Allocation Algorithm
A weight is assigned based on each resource bank’s recent 
performance (i.e. every few minutes once). Then, the resource 
manager allocates the next call to the resource bank with the 
least weighted load, i.e. weight * current load. With appropriate 
weights, this algorithm is forced to distribute the calls into the 
good resource banks evenly, and limit # of calls into troublesome 
resource banks. Here is the algorithm to assign the weights based 
on the recent performance of banks: assign a weight of 1 to the best 
performing resource bank. Let us say BBR is the call block rate 
for that resource bank, i.e. # of call setup failures divided by the 
call attempts. For each resource bank, assign (its blocking rate / 
BBR) as its weight. So, the higher the blocking rate of an abnormal 
resource bank, the higher its weight will be, and the lower the # of 
calls that will be allocated to it. Since the most wireless networks 
typically collects the call performance data (a.k.a. operational 
measurements – OMs to be short) every few minutes once, these 
weights can be computed as part of post-processing that OM data 
and can be fed as input to the resource manager periodically. Note 
that this algorithm behaves like the load based algorithm when 
all the resource banks perform at the same level. This algorithm 
is more practically appealing one compared to the self-learning 
algorithm presented in the previous section, since it results in 
better load balancing when multiple resource banks are present in 
the system. It is especially useful if the full-load operation of the 
resource banks is not preferred, e.g. T1s in the backhaul network. 
We expect that the call block performance of this algorithm to 
closely follow the self-learning algorithm, as long as the weight 
update period is reasonably short, e.g. 5 minutes, and the resource 
banks do not switch back and forth between good performance 
and abnormality too quickly.

C. Self-learning algorithm
The fundamental drawback of the conventional resource allocation 
algorithms is that they were focused on load balancing and they use 
the resource availability status and the current loads as their inputs. 
They do not take the resource performance into account. Thus a 
misbehaving resource can severely degrade the call performance. 
Providing the best possible customer experience and reducing the 
operating cost of the wireless network are lot more important as 
compared to attaining perfect load-balancing. Additionally, since 
the most types of resource banks can work optimally even at 100% 
load levels, uneven loading level across the resource banks is not 
a major concern. 
In this section, we propose an adaptive/self-learning resource 
assignment mechanism that tries to adapt itself based on the past 
resource performance:
A failure count is maintained for each resource bank, i.e. when a 
call is allocated to a particular resource and that call fails during 
call setup, the failure count is incremented for that resource bank. 
The resource manager keeps the resource banks in the sorted order, 
based on the failure count. For each incoming call request, the 
resource bank with the lowest failure count is checked first. If there 
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is a free resource in it, that resource bank is allocated to that call. 
Otherwise, the next resource bank in the sorted order is checked. 
In other words, a resource bank with the lowest failure count and 
with at least one free resource is allocated for each incoming call 
request. Intuitively, this algorithm favours the resource banks that 
have good performance over the ones which have performance 
issues. So its overall blocking performance tends to be much better 
than the other two algorithms. Section III presents the simulation 
results comparing all three algorithms. When the performance of 
all resource banks is good (<1% failure rate), the self-learning 
algorithm tends to bombard 100s of requests to one resource bank 
before moving on another bank. In other words, it tends to fill up 
one resource bank before going to the next resource bank. The 
weighted allocation algorithm combines the self-learning concept 
with the load based allocation algorithm and attempts to keep 
reasonable level of load balancing between resource banks.

III. Simulation Results
We present the simulation results comparing the round robin 
allocation, the load based allocation, and the self-learning based 
allocation algorithms. We used the exponential distribution for the 
call duration, with a mean of 120 seconds. The Poisson distribution 
was used to model the call arrivals. We simulated each algorithm 
for approximately 2 hours and charts suggest that it is sufficient 
duration. Fig. 3, shows the result for 16 resource banks each with 
6 resources. We assume that one of them is an abnormal resource 
bank and others are operating normally at 1% call failure rate. 
The chart shows that how the overall call block rates increase for 
all 3 algorithms, as the call failure probability of the abnormal 
resource bank increases. The round robin algorithm predictably 
increases almost proportional to the abnormal resource bank’s 
failure probability. The load based allocation performance tends to 
deteriorate quickly, as the failure probability of abnormal resource 
bank goes near 90%, since more call failures in the abnormal 
resource bank makes it more idle compared other banks, and 
the algorithm continues to allocate more calls to the abnormal 
resource bank.

Fig. 3: One abnormal resource bank and 15 good resource 
banks

Fig. 3, is based on call arrival rate of 0.4 calls / second, which 
translates into ~20% load on the system. While the self-learning 
algorithm’s performance was impressive in this instance, it cannot 
perform that well as the system load level reaches high. Higher 
load may cause all good resources to be busy, then it will be forced 
to use abnormal resource bank.

Fig. 4: One abnormal resource bank and one good resource 
bank

Fig. 4 shows, the performance of all 3 algorithms for such an 
instance. There are 2 resource banks with 128 resources each. The 
failure probability for the good resource bank is 1% and it is 100% 
for the abnormal resource bank. When the call arrival rate is low, 
the load level on the system is low and the self-learning algorithm 
works much better the other one. However as the load increases, 
the good resource bank tends to become full and the algorithm is 
forced to allocate to the bad resource bank, and the performance 
of self-learning algorithm converges with the performance curve 
of the round robin algorithm.

IV. Conclusion
We presented two adaptive resource allocation algorithms to 
minimize the call block rate, even when unreliable, non-alarming 
resource banks are present in the network. The simulation results 
show that the new algorithms can improve the performance 
stability of the network considerably. It is possible to fine-tune the 
weighted allocation algorithm and reduce the performance impacts 
further by doubling or tripling the weights. This will make sense 
when the # of resource banks are very small (i.e. two or three) 
and/or the base failure rate is high (e.g. 5% instead of 1%). Even 
though we primarily focused on the resource bank allocation, these 
adaptive resource allocation algorithms can be applied to select 
the individual resource units within the resource bank as well. By 
automatically avoiding specific faulty resource elements during 
the resource allocation, the wireless service provider can keep 
that bank in the field for longer duration, reducing the operating 
costs. More sophisticated self-learning algorithms can be used 
when subscriber QoS (Quality Of Service) requirements need 
to be considered during resource allocation. For example, an 
under-performing resource may be allocated to a user with low 
QoS requirements and a user with high QOS requirement can be 
allocated to a resource with good performance. Also, if a user 
with high QoS comes in when several low QoS users are using 
the best resources, a few of low QoS users’ resources may have 
to pre-empted and moved to other resources.
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