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Abstract — This paper presents a case study
on the frequency reuse using Hierarchical Radio
Resource Management (HRRM) in an OFDMA
system. In this HRRM, an Access Point Controller
is developed to dynamically assign subchannels to
the Access Paints (APs) on the basis of interference
measurements and traffic situation, and the APs
allocate resour ce elements to the Mobile Terminals
(MTs) using an OFDMA scheduler. Using this
HRRM we focus on the effect of frequency reuse in
the considered system. Three types of reuse
constraints with different scaling of distances
between the APs are used to analyze freguency
reuse effect.

adaptive reuse decision between two APs is taken
on the basis of the position of the APs and its
associated MTs. If an AP and its associated MTs
are spatially apart from the interferer cell (other

AP and its associated MTs), then flexible Reuse
Constraints (RCs) can be used so that the AP can
reuse its interferer AP’s resources. On the other
hand if the APs are situated closely, strict RCs
can be used. An intelligent HRRM with effective

frequency reuse can improve the performance of
an OFDMA system. The motivation of this paper

is to show the effect and importance of frequency

reuse in an OFDMA system using different RCs.
In this regard a low complexity dynamic
subchannel algorithm and an OFDMA scheduler
are used from [8] to do the comparative study
among different RCs.

Index Terms — OFDMA, Frequency Reuse, Reuse
Constraints, Utilization, HRRM.

|. INTRODUCTION

In this paper a Hierarchical Radio Resource

Management (HRRM) scheme has been ||, HigrARCHICAL RADIO RESOURCE ALLOCATION
developed to investigate the frequency reuse in an ) )
Orthogonal Frequency Division Multiple Access The working process of the APC is
(OFDMA) system. In HRRM, resource allocation Synchronized with the MAC frames and it
is done in two steps. First, the Access Pointipdates subchannels for the APs in some defln_ed
Controller (APC) (centralized allocator) takes theffames. The frame level interaction diagram is
high level resource allocation decision. Then theSnown in Fig. 1. In this figure it is shown thagth
APC passes the allocation request to the Acces@PC updates the resources of APs in the super
Point (AP) (secondary allocator) that takes theframe level. The term super frame indicates that
detailed resource allocation decision. Thethe resources of APs are updated by the APC in a
dynamic resource allocation on the APC level carff@me interval but not at each frame. Here the
be considered as a slow adaptation to the traffiéPC uses a low complexity traffic load adaptive
load and interference whereby the resourcé@nd interference aware subchannel allocation
allocation on the AP level is done in a fast Scheme and the AP uses an OFDMA scheduler to

adaptation (frame-by-frame) manner to react orfSSIgn resource elements to the MTs.

. .. . Random
the changing channel conditions (e.g. fading). Broadcaft Resource Elements (UL/DL) Acces‘s

The HRRM can play a good role in case of radio

resource allocation as the complexity of

optimizing resource allocation is always a NP- /\\

hard problem where execution time of the -\

algorithm increases exponentially [1, 10]. | | | | |
Frequency reuse implies that in a coverage area

there are several cells that use the same set of

frequencies due to the propagation path loss of th I 0T 0 0 I 0 01 J,

radio signal [2] These cells are called co-channel MAC frame Time

cells, and the interference between signals from ' Frame interval at which the APC updates resources of the APs

these cells is called co-channel interference. The g 1. Frame level interaction between APC & AP
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The dynamic subchannel allocation algorithm andallocation scheme is deployed in the used
the OFDMA scheduler are briefly described asscheduling algorithm. To each allocated

follows (for details see [8]): subchannel within the same scheduling, an
interval (i.e. a time slot) is assigned to the same
A. Interference Aware DCA scheme: APC level fraction of the total transmission power. This

power allocation scheme does not take into

APC uses two phases: reuse decision phase aft (;?:?c:reth?t Cduh[rﬁr: ffgr?\nntehle Cugéﬁmf‘“cs'
allocation phase. In the reuse decision phase the ' 9

APC decides which AP can reuse which AP’sSOIUt'Or.' Wh'(.:h 1S opt_lmal from the information
theoretic point of view [3]. After the power

resources in an intelligent manner in order to - .
allocation, reasonable modulation schemes are

reduce the co-channel interference. After gettin . . . .
the invocation from the APC, the APs measurgaSSIgnecj based on Signal to Noise Ratio (SNR)

the interference using the concept of Selfestlmanons.
Organizing Reuse Partitioning (SORP )[4] during
the broadcast and then get back the measured Ill. SIMULATION ENVIRONMENT AND RESULTS
interference values to the APC. Using those The simulation of this work is performed b
measured values the APC estimates the mUtuaelxtendin NS2 [7] and the statisticgl evaluationyis
Signal to Interference Ratio (SIR) for each of the 9 : '
. . _—conducted following [9]. For the traffic source

APs. Then it forms co-channel cells by comparing -

. . : model, a two-state Markov Modulated Poisson
the mutual SIR obtained by applying a RC with a . ; )

. Process (MMPP) [6] is used. Brownian motion
predetermined reuse threshold. In order to "~ . . .
; . mobility [5] is used to implement the mobility of
investigate the effect of frequency reuse, we hav? ; . .
. o . he MTs. In the following a comparative study is
identified three types of frequency RCs; they are
as follows: mgde to shovy the _effect_of frequency reuse by
(a) Minimum (min) RC: Using this constraint the using the obtained simulation results,

APC estimates the minimum mutual SIR for all A. Comparison between different RCs

the MTs associated to an AP. Here it is

considered that two APs can reuse resources, if In this scenario there are five APs: APO, AP1,
minimum mutual SIR values of both APs for their AP2, AP3 and AP4 are associated to the APC
associated MTs are greater than or equal to theshere each AP has 10 associated MTs. Different
predefined SIR threshold i.e. position of thesimulations are done by varying the load of AP2
single MT restricts the reuse decision. and AP4 while keeping fixed the load of APO,
(b) Mean RC: In this constraint, formation of co- AP1 and AP3 in order to create irregularity in the
channel cells in APs does not depend on thdraffic situation. Two scaling values 1 & 2 are
position of a MT rather this constraint considersused and these values are multiplied to the
position of all the associated MTs of an AP. If theposition of the APs while keeping fixed the
average mutual SIR values of two APs exceed thenobility region radius, e.g. the scenario shown in
reuse threshold, they can use the same resourcessig. 2 uses scaling value 1 and scenario shown in
(c) Weighted RC: To reduce the bad impact offFig. 3 uses scaling value 2.

the min (very strict) and mean (very flexible)

RCs, another RC is introduced. In this case a i
weighted value is multiplied with mutual SIR

In this interference aware DCA scheme the

Distance 850m

value obtained by applying the mean RC. The A0 AP4«_
weighted value is calculated considering the / - %
utilization of the interferer AP which ig1- Distance 610m

N " Radios 300m
utilization). If the utilization of the interferer AP G ,
is low then other AP is capable of reusing its

(interferer AP) resources since low utilization ; . . ; _
indicates that interferer AP is not transferring Lo L oaps
data to all of its associated MTs. ) - L '

B. OFDMA Scheduler: AP level
The scheduling of data packets in OFDMA

systems is a challenging task. It is required that The mean Packet Error Rate (PER) and mean

the scheduler is able to exploit the mUIti'userdownlink delay of the whole scenario are shown
diversity and provides fairness at the same timel.n Fig. 4(a) anyd A(b) respectively for the scenario
A simple adaptive modulation and power 9. P y

with scaling value 1. The curves show that in this

Fig. 2. Five cell scenario with scaling value 1



scenario the mean delay in case of min RC is thés lower and as a result in case of mean RC, the
lowest as the PER for the mean RC and themean delay is lower than that of the other RCs
weighted RC are remarkably higher than min RCdue to the higher reuse of subchannel(s) (see Fig.
which causes retransmission of packets andi(d)).

increases mean delay.
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Fig. 3. Five cell scenario with scaling value 2
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Fig. 4. Comparison among RCs using different
scaling value

The weighted RC performs better than mean
RC in case of scaling value 1, because in that
case, co-channel interference is reduced for the
limited reuse of resources between the APs by
multiplying (1- utilization) value with the mean
mutual SIR value of each AP at the high load
situation. Here at the high traffic load the value
(1-utilzation) is low as the utilization of the APs
is high.

B. Effect of Reuse using min RC

While maintaining the inter-cell interference,
reuse of subchannels always reduces the mean
delay. To show this effect, we have done different
simulations with different scaling of distances
between the APs based on the scenario shown in
Fig. 2. The mean subchannel assignment curves
with reuse andwithout reuse (with reuse: APs can
reuse subchannels of other ARgthout reuse:

APs cannot reuse subchannels of other APs) are
shown in Fig. 5(a). The curves show that the
average subchannel difference betwegth reuse

and without reuse is less than 0.05. But when
scaling value 2 is used, this difference is greater
than 5.5 shown in Fig. 5(b). Therefore, in this
case the mean delapith reuse is much lower
than that ofsithout reuse as shown in Fig.6. The
curves show that when scaling value 1 is used, the
mean delay curve does not differ a lot as in this
case there is less reuse of subchannels which will
be explained below.
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Fig. 5. Mean subchannel comparison betwsith
reuse andwithout reuse of subchannels

But when the scaling value 2 is used (see Fig. 3), The mean subchannel assignment per AP with
the mean RC is working better than the min RC.min RC is shown in Fig. 7 where in Fig. 7(a)
As APs are spatially separated, the co-channedcaling value 1, and in Fig. 7(b) scaling value 2
interference (PER is reduced shown in Fig. 4(c) Jare used. When scaling value 2 is used, the reuse



of subchannels is increased and as a result thesults using different scaling of distances
subchannels assignments in this case are highé&etween the APs show that the effect of frequency
than that of scaling value 1. In Fig. 7(a), as thereuse greatly impacts the performance of OFDMA
traffic load of AP2 and AP4 are varying and reusesystems. By choosing the proper reuse constraint
of subchannels is low, they get higher number ofor a particular scenario, the packet losses can be
subchannels on increasing load whereby as theeduced significantly.

load of APO, AP1 and AP3 are fixed, they get As a future work, if the dynamic selection of
lower number of subchannels on increasing loadthe reuse constraints can be done by tracing the
In Fig. 7(b), APO, AP1, AP3 and AP4 reuse theirmodulation scheme of the APs, this presented
subchannels. At low load situation, as AP2 hasHRRM would be able to utilize radio resources in
lower resource requirement, the remaining fouran optimized manner.

APs get higher number of subchannels. When
load of the AP2 increases, it gets higher number
of subchannels; thereby, the assigned number of
subchannels of APO, AP1l, AP3 and AP4 We would like to thanks to Prof. B. Walke for
decreases. Here mainly, AP4 gets the highehis invaluable advice during the work and Dr.
number of orthogonal subchannels and the APONick Graham for reviewing the draft version of
AP1 and AP3 reuse the subchannels of AP4. Duéhe paper and partial financial support.

to reuse of subchannels, AP4 on average gets one

subchannel more than that of AP2 in the case of
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