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Abstract

Objectives: Optimizing the resource allocation to improve throughput in the downlink of OFDMA based wireless cellular
networks. Method/Statistical Analysis: In the proposed method, a multi-level queue based resource allocation is
proposed where different classes of users will be assigned different queues and different algorithms can be applied to
them. The algorithm is implemented and its performance is analyzed and the results are collected and compared with the
existing solutions to evaluate the algorithm behavior under different channel conditions. Findings: The algorithm improves
the performance and ensures the fairness among the various classes of users based upon the chosen parameters. Also, the
algorithm can be configured to either improve the throughput or ensure the fairness depending on the requirements.
Applications/Improvement: The algorithm improves the performance and provides a way for different classes of users to

be assigned different priorities.
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1. Introduction

Orthogonal Access
(OFDMA) is the access scheme used in the various
wireless networks like Wireless LANs, LTE and WiMAX.
In OFDMA based mobile wireless cellular networks, each
high frequency carrier is split into smaller subcarriers of
smaller frequencies and the subcarriers are assigned to
various users. The advantage of such splitting is that only
low complexity equalization is needed in the receiver side.
The performance of the OFDMA networks will be affected
by various factors like user mobility, inter-cell interference,
signal to noise (S/N) ratio etc. To optimize the OFDMA
network performance, the resource allocation has to be
carried out considering all these factors.

Frequency Division Multiple
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There are several types of resource allocation
algorithms implemented for OFDMA based networks'*.
Margin adaptive resource allocation algorithms try to
minimize the transmit power subjected to the transfer
rate constraints. The ergodic rate adaptive algorithms try
to maximize the transfer rate subjected to the transmit
power constraints”'’. Often the resource allocation
has to be performed with limited feedback data and
imperfect channel conditions"'*. Channel prediction
can be used to predict the inter cell interference during
resource allocation'>'®. Overhead of control signalling
has to be taken care in case of inter cell interference
coordination'*

In this paper, we propose an algorithm which will
optimize the throughput of the network using multi-level
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queues. The users are split into multiple queues depending
on the channel conditions. Each queue will be assigned
different priorities during resource allocation. To ensure
fairness, the lowest priority queue is assigned a minimum
bandwidth.

Margin adaptive scheduling algorithm for OFDMA
networks? provides a linear but suboptimal solution for
resource allocation in OFDMA systems.

Rate adaptive algorithm* provides scheduling based
upon full as well as limited feedback to improve the
network performance. While it improves the network
performance considerably, the fairness is not achieved.

Proportional Fair scheduling®?' algorithms try to
allocate resources for all users such that when the network
throughput is optimized, fairness for users with poor
channel conditions also is ensured.

Maximum throughput schedulers®* try to maximize
the throughput of the entire network by allocating
the resources to the user with best available channel
condition. This increases the overall throughput of the
network, but users with poor channel conditions may not
get sufficient bandwidth.

Throughput to average scheduler™ tries to maximize
the achievable throughput for the user with respect to
the average throughput for the user and hence tries to
increase both the network throughput as well as ensure
the fairness for all the users.

Blind Average Throughput scheduler attempts to
provide equal throughput to all users present in the
network. While this ensures fairness across all the users,
the overall network throughput is not optimal.

QoS Aware Schedulers*?* perform scheduling based
upon the QoS guaranteed bandwidth requirements and
channel conditions. They consider the Head of Line delay,
bit rate parameters and channel conditions for performing
resource allocations. They ensure fairness as well as try to
optimize the throughput of the network.

This paper is split into several sections. Section 2
describes the proposed algorithm in details. Section 3
provides the results obtained. The future directions are
discussed in Section 4.

2. Proposed Method

The proposed method is multi-level queue based resource
allocation in the downlink of the OFDMA networks. The
algorithm maintains a number of queues to which the
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users are allotted based upon the channel conditions.
Users with good channel conditions are allocated the
higher priority queues and users with poor channel
conditions are allocated the lower priority queues.

Due to the nature of user mobility in the network,
any entry of new users, exit of existing users as well as
movement of users from one place to another place with
differences in channel condition will cause the internal
data structures to be reordered as per the changes in the
network environment. The algorithm should try to ensure
that the complexity of such reordering is trivial.

The algorithm tries to perform resource allocation
to the users in the queue with the highest priority first,
followed by next higher priority queue so on. If all the
resources are allocated but users/queues are still left
unallocated, allocation will happen next time starting
from the last unallocated user in the higher priority queue.
This will ensure that the fairness will be maintained in the
network. By providing users in the higher priority queue
higher data rate, the throughput is also optimized.

The number of queues can be configured based upon
the no of users in the network. The resource allocation
parameters for each group also can be configured based
upon the average network throughput. Based upon the
average network throughput, the different queues can be
allocated different target bit rates.

Let N be the no of users in the network.

Let C be the no of queues in the network.

Let B be the overall bandwidth of the network over
time t.

We split the overall bandwidth among the queues
such that

B it ZaiQi’

where the coefficient a will be larger for higher priority
queues and smaller for lower priority queues. Q, is the
queue with the set of users for which a_ is the coefficient
assigned.

Using the following distribution function the
coeflicients a_are determined:

2a =1
We use the following function to generate coeflicients

such that more priority can be provided to higher level
queues.
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If n is the no of queues,
Ya=1fori=1.n
The coefficient
a =2(n-i)/(2n-1)

This will provide most bandwidth to the highest
priority queue and lesser for next level queues.

If different algorithms are used for different queues,
then the bandwidth achievable will vary depending on
the capability of the algorithm used. Let us say B, be
the bandwidth which can be achieved by the algorithm
for queue Q, over time t. Then, the maximum overall
bandwidth possible is,

YaB =fori=1.n

The complexity of the algorithm depends on how
the resource allocation is made for each queue. For
reordering of the queues O(n log n) will be the complexity.
If the algorithm to be used for a particular queue has a
complexity of O(n), then the overall complexity of the
algorithm for one allocation will be O(n log n) + O(n).

Figure 1 shows the architecture diagram for the
proposed method. In this diagram, each queue Q, is
shown with various mobile nodes named N, and the
resources for them are allocated by resource allocator up
to bandwidth a. The bandwidth value will be more for
higher priority queues than the lower priority queues to
improve throughput.

Resource Allocator

Queue 1 Queue 2 Queue 3 Queue n
* Node 1 * Node 1 * Node 1 * Node 1
+ Node2 * Node2 * Node2 + Node2
+ Nodem ¢ Nodem ¢ Nodem + Nodem
b v

Figure 1.  Architecture diagram of the proposed method.

Figure 2 shows the flow diagram for the proposed
method. Following is the control flow during the resource
allocation scenario:

+  The resource allocator checks in queue Q,, whether
there are any nodes which needs resource allocation.
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If such nodes are there, it picks one among them
which has not yet been allocated up to entire allowed
bandwidth a,

+ If none of the nodes in the queue Q, need resource
allocation or nodes have already been allocated up to
bandwidth a, it performs step (1) with queue Q, and
so on.

o Forthe node chosen in step (1), it performs allocation
and updates the allocation statistics. If still there is
scope for more allocation, step (1) is continued.

o Ifthere are no nodes with need for resource allocation
or no subcarriers to be allocated, the algorithm will

exit.
-
Resource Allocation for
curest subcarier
[ [ ___ l___
Check nodes from Qy Check nodes from Qy Check nodes from Q; Check nodes from Qg
whether resource whether resource. whether resource whether resource.
allocation s needed allocation is needed allocation. is peeded allocation is needed
Exchde nodes which Exclode nodes which Exchude modes which Exclude nodes which
bave already been have akeady been bave dkeady been have already been
alocated enough alocated enough enoagh allocated epaugh
banduadih Allocate for ‘bandwidh Alocate for bandwidth Allocate for bandwidth Allocate for
first node in remsining first node i remaing frst node in remaming first node in remaming
setof sodesin Q) set of nodes in Qy setof modes in Q3 set of modes in Qi

Figure 2. Flow diagram of the proposed method.

Following is the proposed multi-level queue based
resource allocation algorithm:

Algorithm 1. Multi-Level Queue based

Resource Allocation

Step 1: Whenever a new node enters the network,
update the CQI information of the node into the internal
data structures.

Step 2: Whenever a node leaves the network, remove
the CQI information of the node from the internal data
structures.

Step 3: Whenever periodic CQI update information is
received for a node, update the CQI information into the
internal data structures.

Step 4: During resource allocation in the downlink for

a particular sub carrier,

Organize/Reorganize the queues based upon
the current channel conditions.

For each queue starting from highest priority to
lowest priority,
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I.  For each node in the queue i.

i. Ifthenodehasresource requirements
and has not been already allocated
its bandwidth ai,

a. Perform allocation for the
node and update allocation
information in the internal
data structures.

b. If more allocation can be
done on the subcarrier, go
to step (I) for next node.

c.  If no more allocations can
be done on the subcarrier,
exit.

ii. Else if the node does not have

bandwidth requirements,

a. Go to step (I) for next
node.

I If none of the nodes can be allocated,
report that no nodes are available for
scheduling.

3. Simulation Results

The algorithm was implemented using Ns3 and the
simulation results obtained are shown below along with
results from similar algorithms. As shown below, the
algorithm maintains a stable performance comparing to
the other two algorithms.

Table 1. Shows the algorithm performance over a
period of time in comparison with other algorithms.

Table 1.  Algorithm performance
Time Round Proportional ~ Multilevel
(in sec) Robin(Bytes) Fair(Bytes) Queue(Bytes)
1.290 1434 1620 1532
1.291 1280 2196 1260
1.292 1526 2196 1444
1.293 1382 1620 1416
1.294 1562 903 1346
1.295 1326 2196 1756
1.296 1532 2196 1342
1.297 1362 1383 1562
1.298 1550 1383 1324
1.299 1434 775 1664

Figure 3 provides the comparison of algorithm
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performance to other algorithms. While the round
robin algorithm maintains a stable performance, the
proportional fair algorithm oscillates between lower and
higher values considerably. Our algorithm performance is
neither too low, nor too high. The algorithm can be easily
tuned to either increase the performance or increase the
fairness with minimal effort by altering the a values.

——Round Robin
——proportional Fair

———Multilevel queue

500

nnnnnnnnnnnnnnnnnnnnnn

Figure 3. Comparison of throughput of different
algorithms over time.

Figure 4 depicts the resource allocations for different
users over time for the algorithm. Users with good
channel conditions have better bandwidth allocated
compared to users with poor channel conditions. Also as
shown in the chart, the fairness has been ensured for the
users with poor channel conditions since they are always
allocated a reasonable amount of network bandwidth.
Here all queues are using round robin algorithm.

Figure 4. Comparison of throughput of different users
over time.

Figure 5 depicts the resource allocations for different
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users with one of the queues using a maximum throughput
scheduler algorithm and other queues using round robin
algorithm. Due to this, it can be observed that one of
the nodes with good channel condition in that queue
has maximum throughput comparing to all other nodes
belonging to various queues.
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Figure 5. Comparison of throughput with using different
algorithms for different queues.

4. Future Directions

While the proposed method has been implemented to
improve the throughput while maintaining the fairness, it
does not take into account the QoS requirements. So, we
can further enhance the algorithm by taking into account
the QoS constraints to improve the system throughput.

5. Conclusion

The multi-level queue based resource allocation has been
implemented and the performance of the algorithm has
been compared with existing algorithms. Each queue
has been applied different algorithm to analyze the
performance at queue level. Also the algorithm behavior
has been analyzed under different channel conditions.
The algorithm provides a reasonable bandwidth for the
users with good channel conditions as well as users with
poor channel conditions. The algorithm also can be easily
tuned to improve the throughput or fairness.

Vol 9 (10) | March 2016 | www.indjst.org

6. References

1. Barakat B, Arshad K. An adaptive hybrid scheduling algo-
rithm for LTE-Advanced. 2015 22nd International Confer-
ence on Telecommunications (ICT). 2015 April; p. 91-5.

2. Wong IC, Evans BL. Adaptive downlink OFDMA resource
allocation. Pacific Grove, CA: 2008 42nd Asilomar Confer-
ence on Signals, Systems and Computers. 2008; p. 2203-7.

3. Miao G, Himayat N. Low Complexity Utility Based Re-
source Allocation for 802.16 OFDMA Systems. Las Vegas,
NV: IEEE Wireless Communications and Networking Con-
ference, WCNC 2008. 2008; p. 1465-70.

4. Gotsis AG, Philip C. Adaptive Single-Cell OFDMA Re-
source Allocation for Heterogeneous Data Traffic. Avignon:
2008 IEEE International Conference on Wireless and Mo-
bile Computing Networking and Communications, WI-
MOB ’08. 2008; p. 96-103.

5. Wong IC, Evans BL. Optimal Downlink OFDMA Resource
Allocation with Linear Complexity to Maximize Ergodic
Rates. IEEE Transactions on Wireless Communications.
2008; 7(3):962-71.

6. Vadivel M. Optimization of Radio Resource Allocation in
Energy Efficient OFDMA Systems. Indian Journal of Sci-
ence and Technology. 2015 Feb; 8(S3):24-7.

7. Brah E, Vandendorpe L, Louveaux J. OFDMA Constrained
Resource Allocation with imperfect Channel Knowledge.
Delft: 2007 14th IEEE Symposium on Communications
and Vehicular Technology in the Benelux. 2007; p. 1-5.

8. Fan B, Qian Y, Zheng K, Wang W. A Dynamic Resource Al-
location Scheme Based on Soft Frequency Reuse for OFD-
MA Systems. Hangzhou: 2007 International Symposium on
Microwave, Antenna, Propagation and EMC Technologies
for Wireless Communications. 2007; p. 1-4.

9. Wong IC, Evans BL. OFDMA Downlink Resource Allo-
cation for Ergodic Capacity Maximization with Imperfect
Channel Knowledge. Washington, DC: IEEE Global Tele-
communications Conference, GLOBECOM ‘07. 2007; p.
3729-33.

10. Ksairi N, Bianchi P, Ciblat P, Hachem W. Resource Alloca-
tion for Downlink Cellular OFDMA Systems - Part I: Op-
timal Allocation. IEEE Transactions on Signal Processing.
2009; 58(2):720-34.

11. Leinonen ], Hamalainen J, Juntti M. Performance analy-
sis of downlink OFDMA resource allocation with limited
feedback. IEEE Transactions on Wireless Communications.
2009; 8(6):2927-37.

12. Wong IC, Evans BL. Optimal resource allocation in the
OFDMA downlink with imperfect channel knowledge.
IEEE Transactions on Communications. 2009; 57(1):232-
41.

13. Stefanatos S, Dimitriou N. Downlink OFDMA Resource
Allocation Under Partial Channel State Information, 2009.

Indian Journal of Science and Technology I 5 -



Multi-Level Queue based Resource Allocation in Downlink of OFDMA Wireless Cellular Networks

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Dresden: IEEE International Conference on Communica-
tions, ICC’09. 2009; p. 1-5.

Femenias G, Riera-Palou E Scheduling and resource allo-
cation in MIMO-OFDMA systems with imperfect CSIT.
London: 2013 IEEE 24th International Symposium on Per-
sonal Indoor and Mobile Radio Communications (PIM-
RC). 2013; p. 1501-6.

Geirhofer S, Tong L, Sadler BM. Interference-aware OFD-
MA resource allocation: A predictive approach. San Diego,
CA: IEEE Military Communications Conference, MIL-
COM’2008. 2008; p. 1-7.

Ksairi N, Bianchi P, Ciblat P, Hachem W. Resource Alloca-
tion for Downlink Cellular OFDMA Systems - Part II: Prac-
tical Algorithms and Optimal Reuse Factor. IEEE Transac-
tions on Signal Processing. 2010; 58(2):735-49.

Kim SY, Kwon J-A, Lee J-W. Resource allocation for the
multi-cell OFDMA system and its capacity bounds. Tsuku-
ba Science City: 2013 11th International Symposium on
Modeling and Optimization in Mobile, Ad Hoc and Wire-
less Networks (WiOpt). 2013; p. 326-32.

Da B, Ko CC, Liang Y. An enhanced capacity and fairness
scheme for MIMO-OFDMA downlink resource allocation,
2007. Sydney, NSW: International Symposium on Commu-
nications and Information Technologies, ISCIT ’07. 2007;
p. 495-99.

Hojoong K, Won-Ick L, Byeong Gi L. A minimum data-rate
guaranteed resource allocation with low signaling overhead
in multi-cell OFDMA systems. Journal of Communications
and Networks. 2009; 11(1):26-35.

Li Y, Durrant-Whyte H, Evans R. Adaptive resource allo-
cation for OFDMA systems under peak power constraint.
St. Petersburg: 2011 11th International Conference on ITS
Telecommunications (ITST). 2011; p. 181-6.

Zhang X, Zhou E, Zhu R, Liu S, Wang W. Adaptive mul-
tiuser radio resource allocation for OFDMA systems. St.
Louis, MO: Global Telecommunications Conference, GLO-
BECOM ‘05. 2005; 6:5.

Zhang G, Zhang H. Adaptive resource allocation for down-
link OFDMA networks using cooperative game theory,
2008. Guangzhou: 11th IEEE Singapore International Con-
ference on Communication Systems, ICCS’ 08. 2008; p. 98-
103.

Moretti M, Perez-Neira Al Efficient Margin Adaptive
Scheduling for MIMO-OFDMA Systems. IEEE Transac-
tions on Wireless Communications. 2013; 12(1):278-87.
Torabi M, Ajib W, Haccoun D. Discrete-Rate Adaptive
Multiuser Scheduling for MIMO-OFDM Systems, 2008.
Calgary, BC: IEEE 68th Vehicular Technology Conference
VTC 2008-Fall. 2008; p.1-5.

Sesia S, Toufik I, Baker M. John Wiley and Sons: UK; LTE-
The UMTS Long Term Evolution-from theory to practice,
Second edition. 2011.

Girici T, Zhu C, Agre JR, Ephremides A. Proportional Fair
Scheduling Algorithm in OFDMA-Based Wireless Systems

- 6 | volo (10) | March 2016 | www.indjst.org

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

with QoS Constraints. IEEE Journal of Communications
and Networks. 2010; 12(1):30-42.

Ma Y. Proportional Fair Scheduling for Downlink OFDMA,
2007. Glasgow: IEEE International Conference on Com-
munications Communications, ICC’07. 2007; p. 4843-48.
Chaudhuri S, Das D, Bhaskaran R. Study of advanced-op-
portunistic proportionate fairness scheduler for LTE me-
dium access control. Bangalore, Karnataka: 2011 IEEE 5th
International Conference on Internet Multimedia Systems
Architecture and Application (IMSAA). 2011; p 1-6.

Da B, Ko CC. A new scheme for downlink MIMO-OFD-
MA resource allocation with proportional fairness, 2008.
Tokyo: 14th Asia-Pacific Conference on Communications,
APCC’08. 2008; p. 1-5.

Lo KK, Chien SE, Chieng D, Lim HS, Hsiang KK. Propor-
tional resource allocation for OFDMA system. Kuala Lum-
pur: 2014 IEEE Region 10 Symposium. 2014; p. 88-92.
Zhang Y, Liu G, Wang Q, He L. Proportional fair resource
allocation algorithm for video transmission in OFDMA
relay system. Hefei: 2014 IEEE 6th International Confer-
ence on Wireless Communications and Signal Processing
(WCSP). 2014; p. 1-6.

Capozzi E Piro G, Grieco LA, Boggia G, Camarda P. Down-
link Packet Scheduling in LTE Cellular Networks: Key De-
sign Issues and a Survey. IEEE Communications Surveys
and Tutorials. 2012; 15(2):678-700.

Schwarz S, Mehlfuhrer C, Mehlfuhrer C, Rupp M. Low
Complexity Approximate Maximum Throughput Schedul-
ing for LTE. Pacific Grove, CA: 2010 Conference Record of
the Forty Fourth Asilomar Conference on Signals, Systems
and Computers (ASILOMAR). 2010; p. 1563-69.

Girici T, Zhu C, Agre JR, Ephremides A. Proportional Fair
Scheduling Algorithm in OFDMA-Based Wireless Systems
with QoS Constraints. IEEE Journal of Communications
and Networks. 2010; 12(1):30-42.

Bojovic B, Baldo N. A new Channel and QoS Aware Sched-
uler to enhance the capacity of Voice over LTE systems.
Barcelona: Proceedings of 11th International Multi-Con-
ference on Systems, Signals and Devices (SSD’14). 2014; p.
1-6.

Teng Y, Song M, Niu F, Chen G, Song J. Cooperative
OFDMA resource allocation for multi-QoS guarantee: A
cross-layer utility scheduling approach. Tamsui, Taipei:
2009 Joint Conferences on Pervasive Computing (JCPC).
2009; p. 267-72.

Matalgah MM, Paudel B, Hammouri OM. Cross-layer re-
source allocation approach in OFDMA systems with multi-
class QoS services and users queue status. Atlanta, GA:
2013 IEEE Global Communications Conference (GLOBE-
COM). 2013; p. 1385-90.

Zhu X, Huo J, Xu X, Chunxiu X, Ding W. QoS-Guaranteed
Scheduling and Resource Allocation Algorithm for IEEE
802.16 OFDMA System, 2008. Beijing: IEEE International
Conference on Communications, ICC ’08. 2008; p. 3463-8.

Indian Journal of Science and Technology



