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SUMMARY  Base station coordination is considered as a promising
technique to mitigate inter-cell interference and improve the cell-edge
performance in cellular orthogonal frequency division multiple-access
(OFDMA) networks. The problem to design an efficient radio resource
allocation scheme for coordinated cellular OFDMA networks incorporat-
ing base station coordination has been only partially investigated. In this
contribution, a novel radio resource allocation algorithm with universal fre-
quency reuse is proposed to support base station coordinated transmission.
Firstly, with the assumption of global coordination between all base station
sectors in the network, a coordinated subchannel assignment algorithm is
proposed. Then, by dividing the entire network into a number of disjoint
coordinated clusters of base station sectors, a reduced-feedback algorithm
for subchannel assignment is proposed for practical use. The utility func-
tion based on the user average throughput is used to balance the efficiency
and fairness of wireless resource allocation. System level simulation results
demonstrate that the reduced-feedback subchannel assignment algorithm
significantly improves the cell-edge average throughput and the fairness
index of users in the network, with acceptable degradation of cell-average

performance.
key words: base station coordination, OFDMA, radio resource allocation,

utility function
1. Introduction

Driven by the need to support data applications at higher
throughputs and spectral efficiency, orthogonal frequency
division multiplexing (OFDM) based multiple access is
being considered as a promising multiple access method
for next generation wireless networks. OFDMA has been
adopted as the downlink access technology of 3rd genera-
tion partnership project (3GPP) long term evolution (LTE)
and LTE-Advanced standards [1], [2]. Based on the OFDM
technique, OFDMA inherits the immunity to intra-cell in-
terference. However, inter-cell interference (ICI) is still a
major issue. In fact, a frequency reuse factor equal to one
causes serious ICI to users at the cell-edge areas, leading to
poor cell-edge throughputs. Therefore, ICI is a factor caus-
ing significant performance and fairness degradation in the
network [3].
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In conventional aggressive reuse cellular systems, ICI
can be mitigated via advanced receiver processing, or re-
jection in the spatial and other domains [4],{5]. In the
downlink, however, receiver processing necessarily burdens
the mobile station (MS) by adding complexity, and mobile
equipment may have only limited signal processing capabil-
ities due to the cost and battery life constraints.

Recently, base station coordination (BSC), also known
as network coordination, has emerged as a means to miti-
gate ICI and further improve the cell-edge performance [6]—
[9]. In a coordinated cellular network, base stations (BSs)
are inter-connected via a high-speed backbone and all base
antennas act together as a single network antenna array. A
central unit (CU) is assumed to determine the channel as-
signment for users and the power allocation for subcarriers
throughout the entire network. Coordinated BSs not only
share channel state information (CSI) but also the data to be
transmitted to the MS. The ICI is then reduced by using the
signals transmitted from other cells to assist the transmis-
sion instead of acting as interference.

Clearly, radio resource allocation plays an important
role in optimizing the performance of coordinated cellular
OFDMA networks. Early studies have mainly focused on
the single-cell case, where the resource allocation problem
in multi-user OFDMA systems is a combinatorial problem
whose complexity increases exponentially with the number
of subchannels and the number of users. By introducing
time-sharing or frequency-sharing variables, the problem is
solved through convex relaxation methods, see for example
[10]-[12]. More recently, research has shifted towards the
multi-cell coordinated resource allocation case with one BS
transmission, where the resource allocation is coordinated
between several cells to decrease the ICI. A semi-distributed
resource allocation scheme is proposed in [13], where the
specific set of traffic channels of each cell is decided at a
super-frame level and the per-cell optimization is performed
at the frame level. However, the authors consider only one
strong interferer and do not consider the fairness issues, such
as cell-edge performance. In [14], M.C. Necker proposes a
distributed interference coordination scheme by separating
the global optimization problem into two separate problems
and solving these problems based on graph coloring algo-
rithms. A heuristic algorithm to distribute radio resources
among multiple users according to their individual QoS re-
quirements is introduced in [15]. In [16] and [17], utility
functions based multi-cell coordinated resource allocation
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schemes are proposed. Note that one key assumption of
[13]-[17] is that each MS can only communicate with a sin-
gle BS, which is called the anchor (or serving) BS. Hence,
these proposed resource allocation schemes cannot support
base station coordinated transmission, since base station co-
ordinated transmission needs a group of BSs to concurrently
transmit signals to one MS.

In [18], a two-phase channel-assignment method is
proposed considering BSC, where ICI coordination and
BSC are solved via graph theory in the first phase and the
subchannel allocation is accomplished in the second phase.
To the best of our knowledge, this is the only reference pa-
per that considers a multi-BS coordinated transmission case
in its resource allocation scheme. However, the objective
function designed for subchannel assignment in the second
phase in [18] is not optimized for BSC, since the signal-to-
noise ratio (SNR) of the MS is only derived from its serving
BS.

In this paper, we propose a novel radio resource allo-
cation algorithm to enable base station coordinated trans-
mission in coordinated cellular OFDMA networks. Our fo-
cus is on OFDMA downlink with no intra-cell interference.
We assume global coordination between all base station sec-
tors in the network. A utility function based on user aver-
age throughput is introduced to formulate the optimization
problem, since it can naturally balance the fairness and ef-
ficiency. The proposed scheme maximizes the sum utility
function of users in the network and performs subchannel
assignment for the coordinated cellular network.

Global coordination within the network can eliminate
the ICI completely. However, in realistic cellular networks,
only a limited number of BSs can cooperate in order to make
the measurement and signaling overhead affordable [19]-
[23]. Hence, by dividing the entire network into a number
of static disjoint coordinated clusters, a reduced-feedback
algorithm for subchannel assignment is proposed for practi-
cal implementation. System level simulation results demon-
strate that the proposed algorithm can offer a substantial im-
provement in cell-edge performance and system fairness in
aggressive frequency reuse cellular networks, with an ac-
ceptable degradation of cell-average performance.

The rest of this paper is organized as follows: In
Sect. 2, we present the system model and formulate the max-
imum sum utility function problem. In Sect.3, by solving
the optimization problem, the resource allocation algorithm
is proposed. Firstly, we provide a coordinated subchannel
assignment algorithm assuming global coordination within
the network. Then, a reduced-feedback algorithm is pro-
posed for practical use. Section 4 presents the system level
simulation results. Conclusions and future work are pre-
sented in Sect. 5.

2. System Model and Problem Formulation
2.1 System Model and SINR Derivation

‘We consider the downlink of a coordinated cellular OFDMA
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Fig.1  Anexample of a 3-sector BS.

network with 3-sector BSs. Each BS sector (BSS) has one
directional antenna and is associated with a directional sec-
tor area. The 3 antennas of each BS are located at the same
site, which is illustrated in Fig. 1. Each MS is equipped with
one receive antenna and assigned to a serving BSS that is
selected based on long-term channel quality measurements.
In coordinated cellular networks, each MS can be served by
a set of BSSs with the same time and frequency resources.
Similar to the diversity set defined in [18], a cooperative
transmission set (CTS) is designed for each MS on each sub-
channel, which is formed by the serving BSS and neighbor-
ing BSSs that provide data transmission service to this MS
on the corresponding subchannel. We assume global coor-
dination within the network. Hence, the formation of the
CTS for each MS is unconstrained, which means the BSSs
contained in a CTS are selected from all the BSSs in the
network.

Assume there are a total of N BSSs within the network.
Let M, denote the MS set for BSS n. Let M,, = |M,,| denote
the number of MSs in BSS n, where | M,] is the cardinality
of the set M,. Hence, the entire network has a total of a
set of M = Zf)’zl M, users. K subchannels are available for
resource allocation and the frequency reuse factor is one,
i.e., each BSS will use all K subchannels. Note that each
subchannel consists of twelve contiguous subcarriers. We
assume a full traffic model wherein each BSS always has
data available for transmission to all connected MSs. For
simplicity, we do not consider space division multiple access
(SDMA) techniques in this paper. Hence, each subchannel
of a BSS can only be assigned to one MS.

In conventional cellular networks where each MS com-
municates with the serving BSS, the discrete-time baseband
signal received by MS m of BSS i on subchannel & is given
by

m - P]\Hll\msr + Z PﬁH_l/\msJ + nﬁi > (1)
JR

sxgnal of interest e e’
inter-cell interference

noise

where P¥ is the transmitted power from BSS i on subchan-
nel k. For simplicity, P"' is assumed to be constant, i.e., no
power control is perforrned Hf . i the complex channel
response between BSS i and MS m on subchannel k, con-
sisting of path loss, large-scale fading, and small-scale fad-
ing. s‘}' is the complex symbol transmitted by BSS 7 on sub-
channel k, which has zero mean and normalized power, i.e.,
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(]s"l ) = 1. n¥ is the additive white Gaussian noise with

noise power Np.

Let Gf."m = I ”"| then the instantaneous signal-to-
interference-plus-noise ratio (SINR) on subchannel & for
MS m is determined as

k 2k
P G! i
@
ZP‘G +No

Jjm
J#

To obtain the SINR expression for coordinated cellular
networks, note that, each MS can receive signals from more
than one BSS. The CTS of MS m on subchannel £ is denoted
as DX, = A, + BF,, where 5‘1,,, is the serving BSS set that
has only one element, and B, is the neighboring BSS set
that may include zero, one, or multiple BSSs. Note that
in global coordinated networks, the CTS is obtained over
all the network, we have l ,,,l < N. Define D to be the
complement set of D%. Then, the instantaneous received

SINR on subchannel k for MS m is given by
Z Pl\ G{(I"
ieDf,

k k :
Z@t P]G_]lll + Ny
J€Dm

Vi = 3)

Finally, according to Shannon theorem, the achievable
transmission rate of MS m on subchannel & can be expressed
as

RS = Blog, (1 +87%). @)

where B is the bandwidth of each subchannel, and g is the
SINR gap, which is a constant related to the target bit error
rate (BER) given by [24]

1.5
In(5BER)’

Hence, the instantaneous data transmission rate for MS
m at time t becomes

B=- (5)

Ry (1) = Z R, (1. ©)

2.2 Optimization Problem Formulation

In this subsection, the coordinated resource allocation prob-
lem in the network with frequency reuse factor equal to one
is described. The utility function of each MS is defined with
respect to its average throughput. Let U, (-) denote the util-
ity function of MS m, which is non-decreasing and concave
to balance the efficiency and fairness of the subchannel al-
location. To make the optimization problem more tractable,
we assume that the utility curve is continuously differen-
tiable.

The optimization objective is to maximize the sum util-
ity of the MSs in the entire network. Let N, M and K de-
note the set of BSSs, MSs and subchannels, respectively.

IEICE TRANS. COMMUN., VOL.E93-B, NO.12 DECEMBER 2010

Given a fixed power allocation, the optimization problem
can be mathematically formulated as follows

max 3 Un(Ru(®)

D meMkeK m=1
subjectto 1) DX, C N, Vk e K,

2)z)fnz)§ ¢, i# j, Vi, je MYk e XK.

)

The average throughput of MS m at time ¢ can be ex-
pressed using an exponentially low-pass time window as
[25]

(1 - pw)Rm ({ - 1) + ,Dme (t) > (8)

where p, = (Ts/Ty), T is the slot length, and T, is the
length of the window.

Note that the formation of the CTS for each user is in-
cluded in the optimization problem. Constraint 1) means
that the CTS of each MS is composed of a subset of BSSs
of the network; constraint 2) means that the CTSs of all the
MSs in the network are disjoint, which guarantees that a
subchannel in a certain BSS is used by at most one MS.

Rm (6=

3. Coordinated Subchannel Assignment Algorithm

In this section, the optimization problem of subchannel as-
signment in (7) is reformulated and solved based on the
Lagrangian method by using a convex relaxation method,
similar to the ones in Refs. [10]-[12]. Then a coordinated
subchannel assignment algorithm is proposed for base sta-
tion coordinated transmission, assuming global coordina-
tion with unconstrained CTS formation. Further, a reduced-
feedback algorithm for subchannel assignment with con-
strained CTS formation is proposed for practical use.

3.1 Optimization Problem Reformulation

In a first step, we reformulate the above discrete allocation
optimization problem as a nonlinear integer (0-1) program-
ming one. Let X = [x,,,, f(,,,k)] be the subchannel assignment
matrix, where f(n, k) denotes the subchannel k& of BSS n.
Xm, finy indicates whether subchannel k of BSS n is assigned
to MS m, that is

1, if subchannel k of BSS # is assigned
to MS m, ©))
0, otherwise.

Xm,f(nk) =

Then, the CTS of MS m on subchannel k£ can be de-
scribed as

D = {nlx,,,,f(,,,k) =1l,ne N}. (10)

n

The SINR on subchannel k for MS m given by (3) can
be described as

ZI:VP G, o, f (k)

3 ie

Y = : (11)
Z (P_l;G?,le Z x-ﬁf(j»k)) + NO
JeN seM,s#m



LIetal.: DOWNLINK RADIO RESOURCE ALLOCATION FOR COORDINATED CELLULAR OFDMA NETWORKS

Then, the equivalent nonlinear integer (0-1) program-
ming problem can be formulated as follows:

m?x U(X) Z Um (Rm (f))

m=1

subjectto 1) }: \,,,f(,,/\) =1,VneN, YkeXK,
I”G

2) «\m‘f(n,A) € {O 1] Yme M, Vne N,
Vke K.
(12)

It is straightforward to notice that the optimization
problem in (12) is a combinatorial problem. To make the
problem tractable, we relax the requirement X, fu0) € {0, 1}
to allow X, s(u,x) being a real number within the interval [0,
1] to form a convex set. Notice that X, s can be consid-
ered as a time sharing factor of the subchannel k£ in BSS n.
Based on (8) and using the first-order Taylor expansion, the
objective function in (12) can be rewritten as [25]

U = Z o (R (2= 1) Ry (), (13)

nm=

which maximizes the sum of weighted throughputs. Note
that R,, (t — 1) is fixed at time ¢. From now on, U, is used to

represent U}, (R,,, (t— )).
3.2  Optimization Problem Solving

Based on standard optimization theory, from (12) and (13),
we obtain the Lagrangian

N K
Z( ,,,ZR ) ZZ’L’k(Z Vm,f(nm—l], (14)

m= n=1 k=1 m=1

where 4,4 is the Lagrangian multiplier for the constraint.

After differentiating L with respect to Xy, f(uk), We
obtain the necessary conditions for the optimal solution
specifically, if x, k) +# 0, we have

7,k 7,k
Um ma Z len l]

i=M,i£m

x;}l,f(ll,k) ’

B
"2

aL
6xm,f(n‘k)

X, flngy=X . f(n k)

0ifx* €(,1,
_ m.fnh)
Ank {> 0 if x* =1, (13)

mfinky
where

L
% ﬁpll n[

in
(1+/3y¢')(1+ DAY .xs,fu,k))

seM s

k
— ﬁ X p"Gnr
(174 +B) jezN PEGh xisiin

Hence, we can conclude that
BTz

. (0,1) if Ay > Znat
ok

: BTk
1 lf/l,,k < T—é——,

(16)

amn
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where

Tm,".k = Umwmn - Z U, Wi nYi- (18)

i=M,i#m

Since the integer constraint that a subchannel can only
be used by one user must be satisfied, a reasonable integer
solution based on (17) is provided. In particular, for a certain
subchannel k of BSS n, if T,y form = 1,2,...,M are
different, then only the user with the maximum T, 4 can
use that subchannel. In other words, for subchannel & of
BSS n, the subchannel assignment is

fn(n, k) = arg max Tz (19)
m
where 7i(n, k) represents that the subchannel k& of BSS n

should be assigned to user .
Then, T,k can be rewritten as

"7 nk = Umwnz 7 Z Um(]k)wm(jk) J’/r‘n(ﬂ\)’ (20)

M JeN m(jk)#=m

r

where I' represents the utility gained from assigning the
subchannel to MS m, and 2 represents the cost due to the
interference introduced to other co-channel MSs.

According to Eq.(19), the subchannel k¥ of BSS n
should be assigned to the user with the maximum 7, .
However, from Eq. (20), we can see that for a certain sub-
channel, the assignment decision made for one BSS is asso-
ciated with the decision made by other BSSs, which is de-
noted as /2. Hence, a suboptimal channel assignment strat-
egy is proposed in this paper to maximize the sum of T}, 4
of all the BSSs on subchannel & at time ¢, which is denoted
as

k [~
S p=arg maxz Um(n k)wﬁz(n k).n Z i j,k)wﬁt( 1K), j)/I}I(j,k) .
JEN, j#n

€2y

Therefore, the combinatorial optimization problem of K
subchannels is decomposed to K independent optimization
problems for each subchannel.

3.3 Coordinated Subchannel Assignment Algorithm for
BSC

In this subsection, a coordinated subchannel assignment
(CSA) algorithm is proposed assuming global coordination
of all the BSSs in the network. The CSA algorithm is com-
posed of two parts:

Initial Subchannel Assignment: In the above subsec-
tion, the combinatorial optimization problem of K subchan-
nels is decomposed to K independent optimization problems
for each subchannel as shown in Eq. (21). Hence, each sub-
channel is assigned according to the proposed suboptimal
subchannel assignment strategy.

Iterative Subchannel Swapping: Iterative subchannel
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swapping is introduced to further increase the sum utility
[26]. Let My, = {iM(n, k)} denote the set of MSs allocated with
subchannel k of all the BSSs in the network. A;; is defined
as the incremental sum utility if assigning subchannel 7 to
MS set M; and assigning subchannel j to MS set ;. Then
iterative swapping is done as follows:

e Step 1: For every pair of MS sets (‘JJI,-,SUE j) and the
corresponding subchannels (7, j), calculate the relevant

AI.,_].‘
o Step 2: Among all pairs of MS sets, find (i*, j°) =
argmax A; j.

s Step 3: if A;; > 0, swap subchannel / from MS set ;
to MS set 0; and subchannel j from 9; to M;.
¢ Step 4: Repeat Steps 1-3 until all A; ; are negative.

3.4 Reduced Feedback CSA-BSC Algorithm

In the proposed CSA algorithm, global coordination be-
tween all BSSs in the network is assumed. In this case, the
CTS for each MS on each subchannel is obtained over all
the network. Therefore, each MS needs to estimate the full
CSI from all BSSs and feed it back to the serving BSS in a
per-slot time scale. In a second step, each BSS forwards this
information to the CU. In frequency division duplex systems
(FDD), this centralized framework requires an enormous
amount of feedback and backhaul overhead. In addition, a
high computational burden is caused in the CU. Therefore,
a reduced-feedback CSA algorithm, named as CSA-BSC, is
proposed in this section for practical implementations.

In order to decrease both the signaling and backhaul-
ing overhead, user grouping, e.g., serving only subsets of
terminals with BSC, and clustering of base stations, i.e., di-
viding the network in small subsystems or cluster of BSSs,
have been proposed [19]-[23]. In this paper, we use a static
clustering technique, where the available BSSs are divided
into a number of disjoint clusters of coordinated BSSs. Each
cluster consists of three neighboring BSSs, and the forma-
tion of CTS is constraint within the cluster. Notice that BSC
is independently applied in each cluster.

Assume that there is a CU for each cluster. Then, the
resource allocation strategy in (21) can be applied locally in
each cluster with some small modifications

t 7 k
Sk = argmax Z [Uﬁl(ll‘k)wﬁl(ll,k),ll

neNg
’ k 3
- Z U, ﬁzo:b‘“ﬁ«j,k)‘ﬁ}m(j,k))’ 22
JjeNg,j#n
with
k k
Eo_ BpllGn,i
wi‘n -
(1+8v}) (1+ DI TEDWENTIEDY Pfgl,i)
JjeNg seMg,s#i leNg
k k
ﬁ pllGn,i

(23)

(117 +B) > PAGE xisin
i jeNg 1 H
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where N and Mg denote the set of BSSs and the set of
MS:s in the cluster, respectively. g;; denotes the long-term
gain from MS 7 to BSS j, which only consists of path loss
and large-scale fading.

Hence, the proposed CSA-BSC algorithm can be ap-
plied for each coordinated cluster in coordinated cellular
networks.

4, Performance Evaluation

In this section, system level simulation is performed to eval-
uate the performance of the proposed resource allocation al-
gorithm. Only the reduced-feedback algorithm is evaluated.

4.1 Simulation Environment and Assumptions

The structure of the clustered coordinated cellular network
under study is shown in Fig. 2. It can be observed that each
cluster is formed by 3 neighboring BSSs. A CU is allocated
in each cluster.

In the simulations, users are uniformly dropped in each
cell. As stated in the system model, equal power allocation
is performed in all available subchannels. The natural loga-
rithm function In (-) is used as the users’ utility function, and
the throughput filter window length, T, is set to 100 slots.
Table 1 lists the main simulation parameters.

4.2 Base-Line Resource Allocation Algorithms

To the best of our knowledge, only one reference paper
(Ref. [18]) considers multi-BS coordinated transmission in
its resource allocation scheme. However, in Ref. [18], each
subchannel of a base station is shared with more than one
user. Hence, the scenario considered in our paper that a sin-
gle user occupies subchannels from multiple BSs cannot be
supported. Therefore, it is not appropriate to compare the
proposed scheme with Ref. [18] at the moment. In this sub-
section, two algorithms are used as a base-line for compari-
son purposes:

Comparison algorithm 1: Proportional Fair al-
gorithm without considering base station coordination
(PF-NBSC)

Fig.2  Structure of the clustered coordinated cellular network.
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Table1  Simulation parameters.

Cell Parameters

Number of BSs 12

Cell radius 500 m
Maximum power in BS 43 dBm
OFDMA Parameters

Carrier frequency 2 GHz
Bandwidth 10 MHz
Subcarrier spacing 15 KHz
Sampling frequency 15.36 MHz
FFT size 1024
Number of subchannels 50
Channel Model

Path loss (dB) L=128.1+37.6log sd, d/km
Large-scale fading factor variance 8dB

Large-scale fading correlation distance 50 m

Small-scale fading SCME [27]

The resources in each BSS are allocated independently
without any coordination. The subchannel assignment is
done as follows:

e Step 1: For each subchannel, calculate the priority of
each MS, which is defined as Prf (1) = RE(1) /R; (1),
where i is the MS index, and % is the index of the sub-
channel.

o Step 2: Subchannel £ is allocated to the MS i*with the
highest priority.

e Step 3: Go back to step 1 until all subchannels have
been allocated.

Comparison algorithm 2: CSA based algorithm
without considering base station coordination (CSA-
NBSC)

The subchannel assignment strategy of CSA-NBSC is
based on the proposed CSA-BSC algorithm as shown in
Eq. (22). Hence, the resources in different BSSs belonging
to the same cluster are allocated in a cooperative way. How-
ever, in the CSA-NBSC algorithm, the constraint that each
MS can only be served by its serving BSS is added, which
means multi-BSS coordinated transmission is not allowed.

4.3  Simulation Results

In this section, the cell-edge average throughput, the cell-
average throughput and the system fairness metrics are eval-
uated for the CSA-BSC, CSA-NBSC and PF-NBSC algo-
rithms. The cell-edge performance is evaluated by averag-
ing the performances of the 5% weakest MSs, while the cell-
average performance is obtained by averaging the through-
put of the entire set of MSs within the cell. The fairness
index is defined based on [28].

Figure 3 shows the cell-edge average throughput per
MS for the three different resource allocation algorithms
considered in this paper. It can be seen that the proposed
CSA-BSC algorithm achieves the highest cell-edge average
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Fig.3  Cell-edge average throughput vs. number of MSs per cell.

Table 2  Proportion of the MSs served by base station coordinated
transmission in CSA-BSC algorithm vs. number of MSs per cell.

Numberof MSs 10 15 20 25 30 35 40
Proportion (%) 24 18 20 23 18 20 19
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Fig.4  Average throughput per cell vs. number of MSs per cell.

throughput. When base station coordinated transmission is
not supported, each MS can only communicate with its serv-
ing BSS, e.g., CSA-NBSC and PF-NBSC. Compared with
the PF-NBSC algorithm, the cell-edge average throughput
of CSA-NBSC is improved by 9.5 to 26.8%, since the ef-
fect of major ICI from neighboring BSS is considered in the
channel assignment strategy of the CSA-NBSC algorithm
as shown in (20) and (22). When base station coordinated
transmission is supported, the cell-edge average through-
put raised by the proposed CSA-BSC algorithm is 31.4 to
120.6% more than the PF-NBSC scheme. As shown in Ta-
ble 2, the proportion of the MSs served by base station co-
ordinated transmission in the CSA-BSC algorithm is around
from 20%, which means about 20% percent of MSs occupy
subchannels from multiple BSs.

Figure 4 shows the cell-average throughput of the three
resource allocation algorithms considered in this paper as a
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Fig.5 The CDF of MS throughput vs. number of MSs per cell.

function of the number of MSs per cell. We can see that the
cell-average throughput of the PF-NBSC algorithm outper-
forms that of the CSA-NBSC and the CSA-BSC algorithms.
Compared with the PF-NBSC algorithm, the cell-average
throughput of the CSA-NBSC and the CSA-BSC algorithms
is reduced by 1.8% and 3.3%, respectively, when the number
of MSs per cell is small, i.e. less than 15. When the number
of MSs is large, the average throughput of the PF-NBSC al-
gorithm is 3.0 to 3.8% more than the CSA-NBSC algorithm
and 4.4 to 5.3% more than the CSA-BSC algorithm. How-
ever, the payoff for this higher cell-average throughput of
the PF-NBSC algorithm is a significant decrease in the cell-
edge average throughput, which can be seen from Fig. 3.

Figure 5 shows the cumulative density function (CDF)
of the average throughput of all the users in the system for
the CSA-BSC, CSA-NBSC and PF-NBSC algorithms vs.
number of MSs per cell. It can be observed that the mean
throughput of PF-NBSC is greater than that of CSA-NBSC
and CSA-BSC. However, the highest cumulative probabil-
ity of low throughput is obtained in PF-NBSC. It means that
PF-NBSC leads to higher cell throughput but worse perfor-
mance for the cell-edge users. In addition, CSA-BSC has
the best cell-edge performance, since base station coordi-
nated transmission is supported. The trend of the results is
similar to that of Fig. 3 and Fig. 4.

Finally, Jain’s Fairness Index (JFI) is investigated as
a fairness measure of the algorithm for resource allocation
[28]. The fairness index (FI) is calculated based on MSs
average throughput. In this paper the FI is defined as

M 2 M
FI :( R,,,) / (MZRﬁ,). (24)
m=1 m=1

Figure 6 shows that CSA-BSC achieves the best fair-
ness performance among the three resource allocation al-
gorithms considered in the paper. The fairness gain in-
creases as the number of MSs per cell increases. That is
because the subchannel assignment strategy in the CSA-
BSC algorithm coordinates the transmission of neighbor-
ing BSSs, and such coordinated transmission can guarantee
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higher cell-edge throughput as shown in Fig. 3.
5. Conclusion

In this paper, we consider the downlink of a coordinated cel-
lular OFDMA networks. A utility-based radio resource al-
location algorithm is proposed to support base station coor-
dinated transmission and further improve the cell-edge per-
formance. Firstly, with the assumption of global coordina-
tion of all the base station sectors in the network, a coordi-
nated subchannel assignment algorithm is proposed, which
maximizes the users’ sum utility function with respect to
the user average throughput. Then, by dividing the avail-
able base station sectors into a number of disjoint coordi-
nated clusters, a reduced-feedback algorithm for subchan-
nel assignment is proposed for practical use. Simulation
results demonstrate that the reduced-feedback coordinated
subchannel assignment offers substantial cell-edge perfor-
mance improvement and system fairness improvement in
aggressive frequency reuse cellular networks, with accept-
able degradation of cell-average performance.

The results in this paper assume perfect channel state
information. In future work, the impact of imperfect chan-
nel state information on the performance of the proposed
algorithms will be addressed. In addition, the joint power
control and subchannel allocation problem with advanced
multi-antenna transmission methods will be considered.
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