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Abstract

Fractional frequency reuse (FFR), using different frequency reuse factors for cell center and
edge regions, is able to effectively improve spectrum efficiency in multi-cell OFDMA networks.
However, optimal performance is hard to achieve in practice as the efficiency of resource al-
location could drop drastically due to the constraint from the frequency partitions formed by
FFR. Since the radio resource is pre-partitioned for cell edge and center, fair resource alloca-
tion in a cell is also difficult to implement. Conventional frequency partition adjustment either
has high complexity due to global optimization or suffer from heavy performance degradation
due to absence of effective control on inter-cell interference (ICI). To solve this issue, we create
models for analyzing geographical distribution of interference in multi-cell networks. Based on
the observed non-uniform distributed ICI, we redefine the zones for fractional reuse and propose
clustering based FFR, which offers resource allocation higher flexibility and better fairness with
additional spatial dimension. Extensive simulation has been performed to validate practicality
and effectiveness of our proposed scheme.
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Abstract—Fractional frequency reuse (FFR), using different
frequency reuse factors for cell center and edge regions, &ble
to effectively improve spectrum efficiency in multi-cell OFDMA
networks. However, optimal performance is hard to achieve
in practice as the efficiency of resource allocation could dip
drastically due to the constraint from the frequency partitions
formed by FFR. Since the radio resource is pre-partitioned
for cell edge and center, fair resource allocation in a cell 9
also difficult to implement. Conventional frequency partition
adjustment either has high complexity due to global optimiation
or suffers from heavy performance degradation due to absere
of effective control on inter-cell interference (ICl). To solve this
issue, we create models for analyzing geographical distritiion
of interference in multi-cell networks. Based on the obsered
non-uniform distributed ICI, we redefine the zones for fractional
reuse and propose clustering based FFR, which offers resoce
allocation higher flexibility and better fairness with additional
spatial dimension. Extensive simulation has been perfornteto
validate practicality and effectiveness of our proposed $eme.

I. INTRODUCTION

Frequency reuse is utilized by multi-cell systems to i

prove system throughput, which inevitably introduces rinte , ; o o
dactors, to give higher spectrum efficiency, it is ratherchar

cell interference (ICl) and compromises quality of servic
As the frequency resource is spatially reused, mobilecstati
(MSs) may be interfered by additive signals from multipl

(LTE) [5] and IEEE 802.16, enables the use and allocation
of resource in both frequency and time domains. The basic
allocatable unit is resource block (RB) which consists of
subcarries and OFDMA symbols [6][7]. RB allocation follows
the constraints of frequency partitions made by FFR on tHe ce
center and the edge area.

Although system performance revenue in utilizing FFR is
theoretically observable, challenging problems are alss p
sented in actual practice. The flexibility of resource adliban
will be seriously constrained by the pattern of frequency
partitions, which may lead to performance degradation in
the distinction of traffic load, service requirement, numbe
of MSs, etc. The problem also presents in performing fair
resource allocation in multi-cell networks. ConventioR&R
is not scalable in solving differentiated frequency panis
and resource allocation. The adjustment of frequencytjmarti
in a cell greatly affect its neighboring cells. As cells are
back to back to provide a seamless coverage, the effect
of frequency partitions in a cell can be observed on other

nfells. Although global optimization has been proposed for

FFR to adjust the partitioned amount and frequency reuse

to implement. Firstly, the global optimization is not ewsil

écalable. When the network size increases, the information

neighboring cells operating on the same radio at the sanee tifixchange overhead will exponentially increase and become

To mitigate ICI, frequency reuse in previous multi-cellt®yss

divides frequency band into multiple orthogonal partion

and identical partition is only reused at cells with certai - : : _
daw latency in exchanging control and information messages

distance away. The number of partitions, defined as freque

reuse factor, can be used to identify the space distributi
of frequency resource. Higher frequency reuse factor cSf

reduce ICI significantly; however, it also greatly decreatbe

spectrum efficiency due to less frequency resource availa

at each cell.

The emergence of a multi-user version of orthogona . .
ie OFEDMA. fa- Nterference in multi-cell networks. Based on the observed

frequency-division multiplexing (OFDM),
cilitates implementation of a more sophisticated techgyplo
fractional frequency reuse (FFR) [1][2][3][4]. OFDMA tech

nology, which is widely adopted in most next generation mult ) . .
Jpent. The performance gains are mainly due to the following

cell cellular systems, such as 3GPP Long Term Evoluti
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too large to be acceptable by the backhual network. Secondly
computation complexity will also increase quickly with the
petwork size. In addition, per frame allocation requiresyve

Which cannot be guaranteed between the resource allocation
nter and the base stations (BSs) when the network size is
relatively large. Therefore, potential system gain of FERst

fj} @ practical system, unless flexible resource allocatioth a
distributed optimization are implemented.

| In this paper, we analyze the geographical distribution of

non-uniform distributed ICI, we reform the zones for fractal
reuse and propose a clustering based FFR, which offerstighe
flexibility in resource allocation with additional spatidljust-

advantages: Intra-cluster resource allocation jointlyigates
ICI with fractional resource reuse and provides propoglon
fair scheduling (PFS). Different from a cell based allogati



BS, and a cell formed by B& is called cellu. The example
for a part of the network is shown in Fig. 1. MS may be
covered by multiple BSs. Three situations of the MS location
are illustrated in the figure. MSlocated in the area where it
is only in the coverage of BS The MS has strong signals
from BS; and weak interference from other neighboring BSs.
In the second situation, MS is in the area overlapped by two
cell BSs, so it is able to receive the broadcast messages from
both BSs and acknowledge both BS identifications (IDs). For
example, M$ in Fig. 1 can receive the messages from; BS
and BS. MS is only allowed to register at one of the BSs,
which is called the serving (or anchor) BS, and the MS only
has the data exchange with the serving BS. In general, this
is the area for MS to do handover so that MS can migrate
that has a large cell region suffering from ICI, our proposa#le access connection from the serving BS to the adjacent
clustering based allocation has much smaller region hgwing BS. We assume MS in the network takes the BS with the
tential inter-cluster interference. Thus, much less imfation minimum Euclidean distance as the serving BS, and executes
exchange is needed in mitigating inter-cluster interfeeerA  the handover process to connect to the target BS when the
significant performance enhancement from proposed schegyet BS becomes closer than the serving BS. Similarly, the
is observed by the simulation results as compared to cgik located in the area overlapped by the coverage area of
based FFR and cell based FFR-PFS. In addition, automatieee BSs is able to acknowledge three BS IDs likesNiS
modulation and coding (AMC) is also considered to improvge figure. Every MS will record the BS IDs from which it
the system throughput. Our contributions mainly lie on theceives periodic broadcasting messages. The set of BSIDs i
following aspects: called diversity set, which will be reported to serving BS by
o We analytically model the distribution of ICI and signaMSs periodically. To improve the spectrum efficiency, BS cel
to interference noise ratio (SINR) in multi-cell systemss divided into three sectors with three separated anteetsa s
considering various frequency reuse and FFR schem&he antenna pattern for each sector refers to [8].
The problem of global optimization is also discussed. Correct detection of signal depends on the SINR at the
o From the analytical results, we propose clustering basesgteiver [9]. The SINR for MS located at poistin the cell
FFR supporting distributed proportional fair resourcef BS » in RB i can be expressed by:
allocation. Rather than forming clusters by cells, a generi (w) B
cluster is formed by combining adjacent sectors from (u)(s) _ B ]Su — 5] : (1)
different cells together, where the cluster is formed for Z Pl.(”)|SU —s|7*+ N,
sectors mostly interfering with each other. veU; —u
o A novel proportional fair scheduling scheme is also _ ()
proposed working in cooperation with clustering basef{€reU: represents the set of BSs using RBP; ~ denotes

FFR. It also solves the fair allocation problem caused 526 transmit power of BS over RBi, a (o > 2) denotes
the “fraction” effect on the frequency band. e signal attenuation factor, ard, shows the thermal noise

power. In Eq. (1), if the distance between MS and BS$s
Il. PROBLEM FORMULATION AND MODELING fixed, gi(“)(s) is mainly affected by|S, — s|, the distance

We consider an OFDMA network consisting &f BSs and between the MS and other interfering BSsslis on the cell
N MSs, where the set of BSs is denoted/y= {1,..., K}. margin,|S,, — s| will be close to|S — s|. While neighboring
The locations of BSs are denoted By, . . ., Sk, respectlvely cells are using identical RBs{*'(s) in Eq. (1) could be
BS provides data service for MSs in the coverage area, ysud@wer than the threshold of correct reception, which means
a circle centered at the coordinates of the BS with radiys the signals of neighboring cells are strongly interferiag@ach
in a two-dimensional area. This is an area where MS c&#her. If identical RBs are used by far enough located BSs, th
correctly decode downlink frame preamble if no co-channgation of [S,, — s| and|[S, — s| can be large, which indicates
interference exists. To cover a large region, multiple BS¥eak ICI ands!") (s) can be higher than the threshold.
are placed as hexagon cells. Inter-BS distance, also called; “)( ) becomes larger ifS, — s| is reduced. FFR takes
site to site distance, is denoted 1y;. Assume K BSs are advantage of non-uniform SINR in a cell and divides a ceb int
connected to each other by the wired backhaul network acell center and cell edge zones, using different frequeacye
form a multi-cell system to provide service for the MSs itiactors. As shown in Fig. 1, the frequency band is partitthne
the entire coverage area. A non-overlapping coverage of B®ere cell center zone can used overlapped frequency sub-
is a hexagonal area, where the inradius of hexagonal, ddandband]—"c with transmit powerP,;. The rest of frequency band
by Ry, is 2=, and circumradius, denoted B9y, is 3. is divided into three partitions for the edge zone of three
We conS|der such a hexagonal area as a cell formed bysextors, which aré ., F.2, and F.3, respectively. With such
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Fig. 1: Multi-cell and FFR




a method, the frequency sub-baffd has reuse factor one, For MSs located at the cell edge zone, some are mainly
while the rest frequency partition’s reuse factor is thieRBs affected by ICI from one BS, and the other will have strong ICI
belonging to different partitions can be assigned to MSs from two neighboring BSs. As shown in Fig. 2, the area around
the corresponding zones. To facilitate MS zone deternanati BS; is the cell center zone where ICI is weak; the light color
it can utilize MS’s diversity set. MS with more than one B&rea at the cell edge of BSlenotes the area where ICI mainly
in the diversity set is considered in edge zone; otherwisefibm one neighboring BS, and the dark color area in; BS
is in center zone. Resource allocation for MSs in differewell denotes the area where ICI mainly from two neighboring
zones is subjected to the allocated frequency partitiom. F8Ss. Different from conventional FFR, we further consider t
example, for MSs located in the edge zone of sector 1 fandamental reasons and utilize non-uniformly distrildutel.
BS;, the resource allocation is only allowed to be wittfp, . A general cluster is formed by adjacent sectors of adjacent
The sizes of frequency partitions highly limits the flexityil cells. Cluster on the boundary region of network could be
of resource allocation. It is difficult to adjust the size oformed by two sectors since only two sectors are adjacent.
frequency partitions as divisions of frequency partitian iSome cluster may only have one sector. For a cluster having
strongly related. Adjusting the size of one sector couldseauonly one sector, it does not have to exchange sector informa-
overlap of frequency partitions at the neighboring sectord tion through the backhaul, like the cluster having more than
induce strong ICIl. Conventional FFR scheme intends to usae sector. In the rest of the paper, for discussions, we take
global optimization to solve this issue, which is not scldabthe cluster having three sectors as a general cluster in the
and involves very high computation complexity. It also leachetwork. The clusters on the boundary are the special case
to heavy exchange of control and information messages at tifethe typical cluster. The methods and algorithms are also
backhual network and is hard to achieve per frame adjustmapiplicable to these clusters.
due to non-scalable message latency. As shown in Fig. 2, cell edge zones from three adjacent
OFDMA frames in the system are synchronized and hagectors are combined together. The area where ICl is mainly
the same time division duplex (TDD) for downlink (DL) andfrom two BSs, are separated from traditional cell edge zone
uplink (UL). TDD frame is called DL frame and UL frameand is defined as cluster corner zone. The reason behind this
respectively. Although, we discuss the resource allondfio cluster formation is that inter-cell interference is mostisus
DL frames in this paper, the method is equally applicable o the intersection of three adjacent cells. The BSs thalt wil
UL frames. cause each other’s ICI at the cell edge zones (except for the
DL frame can be divided into multiple resource blockgluster cornor zone) are included in the cluster. By jointly
(RBs) which are used as the basic units for resource altmtatiallocating resource in the formed cluster, ICI can be eiffett
Each RB is comprised of multiple subcarriers and OFDMAVoided or mitigated.
symbols. Logically, the RBs available for data transmissio The resource allocation of MSs are related to their zones.
constructs a two-dimensional plane. Lét; indicate the Determination of the zone of an MS depends on its diversity
number of RBs spanning over frequency domain aig set. If the diversity set only has the Identification (ID) bkt
denote the number of RBs spanning over time domain. RB $grving BS, it indicates that the MS is in the cell center zone
a DL frame is identified by frequency and time domain palf the diversity set has two BS IDs, it indicates the MS is
(f,t) where f € {1,2,..,M;} andt € {1,2,..,M,;}. RB in the cell edge zone. If the diversity set has three BS IDs
also can be indicated by indéxwherei = (f — 1)M; +t.  and these are included in the same cluster, it indicates the M
Resource allocation assigns RBs to MSs with certaifi the cell edge zone. More specifically, it is located at the
Schedu”ng_ Different transmission rates can exist in g intersection of three sectors. If the diverSity set havedHBS
OFDMA frame because of different Signa] to noise ratiHDS and any of them is not in the Cluster, it indicates that the
(SNR). When RBs are allocated to MSs, the number 84S is at the cluster corner zone.
transmit bits in each RB may be different. For example, MS Since a cell is divided into three sectors, the management of
can use 64-QAM when SNR is high, and use 4-QAM whefig¢source at BS can be divided into three independent parts fo
SNR is low. Different MSs have different SNRs, followingthree sectors. For the sectors in a cluster, the BS of thersect
different data rates, but each MS uses same data rate withil§aves the resource management of the sector to the cluster.
DL frame. Data rate of MS: during a DL frame is denoted For a BS involved in three different clusters, the threearsct
by ry. belong to three different clusters. Every cluster has atefus
head in charge of the resource management and allocation.
Clusters are formed at the initiation of the network and are
updated when the BS availability changes. For example, when
Our method is based on the cluster formed by adjacemtnew BS joins the network, clusters will be formed for
sectors, where most ICI is present. Clustering based FFR tiee new BS. Or BS leaves the network, clusters also will
formats the zones to elaborately utilize non-uniform SINR a be reformed again. The reformation is distributed and only
enable fair resource scheduling. Resource allocatiomdted happens at the sectors near the place where any BS existing
two parts: inter-cluster interference mitigation andantfuster changes.
resource allocation. After performing the resource allocation, this informatio

IIl. NETWORK CLUSTERING



P

|
Cluster Sector 1
2

Sector 2

and so on. So, a resource cuboid can support up to three MSs
a2 in different cell center zones. Let a binary variabl€") (i, s)
denote the allocation of RB of sectors.

DN AW, s) <3, Vuel Z(s), 2)

where Z.(s) denote the set of MSs in the cell center zone of

E )
i

i 8 sectors.
- ‘xgus?i;”;‘?ﬁ‘e‘?;";f C. Allocation for Cell Edge Zone
- When a resource cuboid is utilized for allocation of MS at
Fig. 2: Proposed clustering based FFR the cell edge zone, the primary purpose is to mitigate ioédr-

interference. So, the whole resource cuboid is only alkxtat

will be sent to the corresponding BS through the backhadr one MS, instead of three MSs, as illustrated in Fig. 3(b).
The BSs then can perform DL transmissions according de allocation constraint is:
the scheduling. The corresponding transmit power of RB w)(;
is determinedgby the zone pof MSgs, and the pdata rate are ;;A( (is) <1, Vue LSJZQ(S)’ 3
determined by the obtained channel state information (CSI) .
As illustrated in Fig. 2, the corner zone frequency can Béhere Z.(s) denote the set of MSs in the cell edge zone of
fixed as similar to conventional FFR, this reduces the oathe>€Cctors- -
in adjusting inter-cluster interference. Since the sizelo§ter ~ Due to RB can only be used once by a sector, an additional
corner zone is very small, the resource for that will not pePnstraint is:
toq much. '_I'h_e resource aII(_)cation _for cell edg_e zone can be ZA(u) (i,8) <1, Vu€ Z.(s) UZe(S)- (4)
adjusted within a large region, which offers higher flexible -
than conventional cell-based FFR. The allowed adjustnrent
conventional FFR for edge zone is betwdemand F.. With
clustring based FFR, it can be frointo 37, — Frorner- The allocation for cluster corner zone is to use the fraetion
RB reuse to avoid complex inter-cluster information exajen
IV. RESOURCEALLOCATION The resource blocks used for the corner zones are pre-planed
A. Resource Cuboids for the reuse at different clusters, as illustrated by Fig).3
Our resource allocation is to cooperatively allocate RBs &P example, if the resource cuboid is used by a BS for the
three DL frames in a cluster, as shown in Fig. 3. Differeriuster corner zones, it will not be used by other BS in the
from RB resource in a square two-dimensional p|ane, Rgame ClUSter, but can be reused Only by the cluster corner
is a resource cube in three-dimensional space by add#®es of BSs at a reuse distance.
the dimension of the frame. RB is identified Wy,¢,s) in
three-dimensional space, whesas the index of DL frame,
s € {1,2,3}. Three resource cubes with the sameonstruct ~ Given data RBs of a DL frame, we need an appropriate
a resource cuboid, which is identified Ky, t). Similar to Scheduling scheme to allocate resource cuboids. To fairly
previous discussions, a resource cuboid also can be igentifPérform intra-cluster resource block allocation, our soke
by indexi, wherei = (f — 1)M; + t. So, when we mention implements proportional fair scheduler (PFS), which means
the ith resource cuboid latter, we mean the resource cub&@ch MS has proportional data rate. To maximize the overall
(f,t). The allocation of the three DL frames can be joinu)glata rate, scheduler enables the MSs having bad channel
optimized by the cluster head. The allocation is subjected ¢ondition to have more RBs so as to have similar data rate

I5. Allocation for Cluster Corner Zone

E. Proportional Fair Scheduling

certain constraints. as those having good channel conditions. Also, differemnfr
. a scheduler considering fair number of RBs, it takes the
B. Allocation for Cell Center Zone modulation and coding rate into consideration and provides

When a resource cuboid is used for allocation of MS at thoportional fairness in terms of data rate.
cell center zone, we implement frequency reuse factor one ajo allocate RBs for the MSs in the cluster, the
used by FFR to achieve a higher spectrum reuse factor. Sischeduler scans the resource cuboids by sequence of
the SINR are relatively high for MSs in this zone, the systefl,2,...,k, ..., Mrp}, Where Mgp is less thanMyM,.
is to take advantage of high reuse factor so as to impro8éce certain RBs are reserved for the cluster corner zone,
the throughput. So, three RBs in a resource cuboid will ilke RBs fromMprp + 1 to MM, are used for the cluster
allocated to MSs in the cell center zone of the correspondingrner zone.
sectors as shown in Fig. 3(a). For example, forktieresource  The scheduler selects M& with the minimum metricp,,
cuboid, RB(7, 1) for the MS is allocated in the cell center zondrom all MSs in the cell center and cell edge zones to allocate
of sector 1, RB(4, 2) is for the MS in the cell zone of sector 2,the resource and consider two cases: cell center zone MS and
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_ TABLE |: Discrete AMC This is because the MS in the edge zone of reuse-1 will
yoﬂfs'?,x’” fPSK ‘Z"QAM iG'QAM 24'QAM §5G'QAM suffer from high interference due to the resource reuse of
IZ (@B) > 136 206 26.8 359 the neighboring cells. Some MSs cannot receive any data

due to low SINR. If given a threshold 2dB as the minimum
_ _ _ ~ SINR for communication, reuse-1 allocation will have about
cell edge zone MS, which are discussed earlier. Metfids 7 percent SINR below the threshold. However, in clustering

computed by: based allocation, the MSs in the edge zone is mitigated by
AW (G, 8)r a cooperative allocation between the sectors. The SINR will

Pu = %, u € Z(s), (5) be higher than the threshold so that all MSs in the network

u can effectively do the communication. In addition, the span

where 7, is determined by effective SNR, of MS wu, of clustering based allocation is narrower than that of @eus

> A%(i,s) denote the number of RBs allocated to M$S 1, which means the SINR in clustering based allocation has

and R, is the data rate of MS: of the last frame. Cluster smaller deviation. In reuse-1, the SINR highly relies on the

head gathers CSI information and selects appropriate AMfeographical location of MS. MS closer to the BS would

for MSs. Metricr, is called proportional fairness parametehave much higher SINR. Clustering based allocation impove

and the selection of, for MS u follows Tab. I. SINR of those MSs in the edge zone, so the distribution
On the other side, data rafe, is updated per DL frame: of SINR is closer to the average SINR. The trends can be

B () /s , investigated both in light traffic load situation of Fig. 4can
Ry = O‘ZA (@, 8)ru + (1 — )Ry, (6) heavy traffic load situation of Fig. 5.

‘ Fig. 6 shows the throughput per cell of three allocation
whereR,, is the data rate of current DL fram&,, is the data methods: cell based FFR, cell based FFR-PFS, and clustering
rate of the previous DL frame, and is the decay factor that based PFS, where throughput is computed by Shannon capac-
controls the influence of the history data rate and currenity equations. Clustering based PFS has higher throughsut p
allocated data rate. The objective is to approach a long-tecell than these of cell based FFR and cell based FFR-PFS.
fairness. Due to frequency resource reuse with fixed distance, FFR is
not able to fully reuse all resources. With different trafad,
clustering based PFS has almost consistently better thpuig

In this section, we investigate the performance of thes the throughput of cell based FFR and cell based FFR-PFS
proposed schemes. The configuration of simulation follovese changed with traffic load. For light traffic load, clusigr
the suggestions in the IEEE 802.16m evaluation methodologgsed PFS has much higher throughput than that of cell based
document [8]. FFR and cell based FFR-PFS. This is one of the important
We firstly have a look at the effective SINR of MSsadvantages of clustering based allocation, because itéstab
Because the SINR will be different from the RBs allocatedtilize the resource not used by neighboring sectors. When t
to an MS, we measure the effective SINR for MSs, whictraffic load is light, the MSs are not distributed so "unifdyi
is computed from SINR of each allocated RB. Fig. 4 an@ihe deviation of the number of MSs in a sector and/or the
Fig. 5 show the cumulative distribution function (CDF) oéth number of MSs in the center and edge zones is large. The
MS effective SINR in the network with reuse-1 allocation andesource will be wasted in a cell based FFR and cell based
clustering based allocation. Obviously, the SINR of clistg FFR-PFS since they are not able to cooperatively allocate
based allocation is higher than that of reuse-1 allocatiaihe resources. Clustering based allocation can fullyzetithe

V. PERFORMANCEEVALUATION
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"idle” resource of neighboring sectors for heavy loaded@ec complexity and high information exchange overheads. Cell
From the figure, cell-based FFR has higher throughput thbased algorithm cannot provide good performance due to a
cell-based FFR-PFS. Because cell-based FFR-PFS is to relache cell edge area that suffers from strong interferevidele
the fair rate, the overall throughput is not maximized. Fg. FFR can mitigate inter-cell interference, it is not able utyf
shows the throughput per MS. It indicates a similar trenchas uttilize the resources. Our scheme is based on clustering of
Fig. 6. Clustering based PFS still has the highest throughmdjacent sectors from different cells. Such clustering esak
and the throughput of cell based FFR is higher than that thfe most interfered area very small inside the cluster. By
cell based FFR-PFS. But, they all approach a limit when tlmplementing different strategies at the cell center zoné a
traffic load increases. cell edge zone, the inter-cell interference can be redundd a

Figs. 8 and 9 respectively show the histograms of the dadte throughput can be enhanced. Considering the advantages
rate with light traffic load and heavy traffic load. In Fig. 8is in scalability, throughput, and fairness, our scheme can be
obvious that clustering based FPS fairly concentratesnarowltilized by current multi-cell OFDMA network standardscu
certain data rate. More than 70 percent of data rate aredscads the |IEEE 802.16 or the 3GPP LTE, so that spectrum
in a narrow data rate scope in Fig. 9. Cell based FFR arfficiency and flexibility can be improved.
cell based FFR-PFS have a data rate with much wider scope.
While the traffic load is light, the data rate is more widely REFERENCES
distributed. Since some RBs cannot be used for cell edge zdHe The draft IEEE 802.16m system description document JREE 802.16

. Broadband Wireless Access Working Group.

or other cell center zone in the same cluster, the allocatfon (] r. Giuliano and C. Monti, “WiMAX fractional frequency se for rural
resource cuboids for the cell center zone will allocatefadi t  environments,” inMreless Communications, June 2008.

imi Y. Zhou, “Simulation study of fractional frequency reugor mobile
RBS to MSs_ S0 as to maximize the throughpl_Jt. So, some VIS WIMAX" in VTG, 2008 y quency
will have higher throughput. When the traffic load is lightjs] “comment for interference mitigation using fractiorfaéquency reuse;”
deviation of MS geographic location is relatively high, rirak - in |IEEE 0805.16m08/1|383. f . s
; 5] M. C. Necker, “Local interference coordination in céilu OFDMA
the effect more obvious. neworks” iNVTC, 2007,
[6] J. Lee, R. V. Sonalkar, and J. M. Cioffi, “A multi-user raa@d power
VI. CONCLUSION control algorithm for VDSL,” inGlobecom, 2002.
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