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Abstract—In this paper, we propose a coordinated scheduling
scheme in downlink multi-cell Orthogonal Frequency Division
Multiplexing Access (OFDMA) networks. Firstly, a novel decision
tree algorithm is introduced to categorize users according to
certain attribute parameters to improve system performance.
To suppress inter-cluster interference, a filter is used at the
receive. To mitigate intra-cluster interference and enhance system
performance, we jointly form precoding matrix (using Block
Diagonalization precoding) and distribute power for coordinative
users. Considering the fact that there is a constraint on number
of coordinative users simultaneously served on one resource slot
and there may be a large number of users needing coordinative
transmission, it is necessary to allocate proper resource slots to
them, seeking a tradeoff between coordinative user sum rate and
system total capacity. Thus, a performance-based slot distribution
is utilized. What needs to be pointed out is that our power control
is a per BS power constraint. Simulation results show that our
proposed scheme can significantly improve the performance of
multi-cell networks.

I. INTRODUCTION

Technological revolutions have hit the wireless communi-
cation world over the past decades. Nevertheless, the con-
tradiction between the demand of heterogeneous business
and the scarce spectrum resource is still there. To overcome
this problem, spectrum reuse and dense BSs deployment in
addition to OFDMA techniques are utilized to improve the
spectrum efficiency. Yet, the performance of network is still
seriously impaired by inter-cell interference (ICI) [1].

In order to suppress the ICI, the 3rd Generation Partner-
ship Project (3GPP) and other organizations have proposed
a series of inter-cell interference suppression technology in-
cluding interference randomization, interference coordination
and interference cancellation [2]. However, all of them have
drawbacks. Thus, it is not practical to support a large number
of users and provide big data service [3] through above
schemes. Cooperative schemes have recently been proposed
as an effective solutions to suppress ICI, especially for User
Equipments (UEs) at the edge of cell. Considering OFDMA
has desirable ascendancy and the fact that it has been adopted
in the downlinks of LTE-A [4], this paper will concentrate
on Multi-BS cooperation problems in downlink multi-cell
OFDMA networks.

Multi-BS cooperation is theoretically attractive, nevertheless
Multi-BS cooperation faces many challenges. In this paper,
to improve the spectrum efficiency, we group them into

coordinative users and non-coordinative users by decision tree.
There are several literatures about coordinative user selection.
In [3] the author utilizes the geometry law or RSVP (Reference
Signal Receiving Power) law to distinguish coordinative users
and non-coordinative users. It usually classifies them unilater-
ally according to a certain user’s location or RSVP threshold.
The author in [5] also proposes a metric based on user
location which groups the users into cluster interior and cluster
edge users. Such approaches that only rely on signal and
interference plus noise ratio (SINR) or UE location, usually
resulting a user far away from BS to the need-type, are not
accurate enough and may cause waste, impelling us to explore
a more precise method to make the classification. Decision
Tree, which has a wide range of applications from data mining
to economic statistical data processing, has received much
attention in intelligent learning recently.

The remainder of this paper is organized as follows. Section
II describes the system model. Section III then introduces
decision tree into our target problem. Joint precoding and
power allocation are given as well as a performance-based
slots distribution. Some simulation results are followed in
section IV. Finally, some conclusions are drawn in section V.

Notations: For a matrix X, (X)∗ denotes the hermitian of
matrix. For a set Y, we use |Y | to denote the number of
elements and E means the action of expectation. Ca×b refers
to a complex matrix with a row and b column.

II. SYSTEM MODEL

We consider a system with C clusters (C={1, 2, .., C}), each
cluster comprising K cells (K={1, 2, ..K}. The system model
is as Fig. 1 shows. Every cell consists of one Base Station
(BSk) and a plenty of users (denoted as set U c

k). Assuming
that each BS is equipped with Nt transmit antennas and UEs
are equipped with Nr receive antenna. Supposing there are N
resource slots (N=1, 2, .., N ) for each BS and the maximum
transmit per-BS power for coordinative users is Pmax.

To efficiently accommodate all the users, we classify them
into two types: coordinative users and non-coordinative users.
Coordinative users do need multiple points transmission while
non-coordinative users do not. The user classification algo-
rithm will be related in Section III. Now We denote with
Sc

k and Ick (Ick = Uc
k − Sc

k) the coordinative users and
non-coordinative users respectively in cellk cluster c. The
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Fig. 1: The system model with C = 3 and K = 3

congregation of Sc
k is denoted with Ŝc , i.e.Ŝc =

k=K⋃
k=1

Sc
k

.

Since system’s affordability is limited, only several coor-
dinative users can be served simultaneously. Assuming maxi-
mum number of coordinative users to be served on one slot is
Smax and we have got N̄ slots for coordinative users. We just
let S̄n

c , S̄n
c ⊆ Ŝc, represents the selected coordinative users on

slot n and s ∈ S̄n
c . The received signal yc,n

s can be written

yc,n
s =

K∑
k=1

Hc,n
k,sW

c,n
k,sx

c,n
s

︸ ︷︷ ︸
desired signal

+
K∑

k=1

Hc,n
k,s

∑
s′ �=s,s′∈S̄n

c

Wc,n
k,s′x

c,n
s′

︸ ︷︷ ︸
intra−cluster interference

+
C∑

c′=1,c′ �=c

K∑
k′=1

Hc′,n
k′,s

∑
s′′∈S̄n

c′

Wc′,n
k′,s′′x

c′,n
s′′

︸ ︷︷ ︸
inter−cluster interference

+zc,n
s

(1)
where Hc,n

k,s ∈ CNr×Nt denotes the channel gain matrix
from BSk on slot n in cluster c to coordinative user s.
Wc,n

k,s ∈ CNt×l denotes the precoding matrix and xc,n
s =

(a1, a2...al)∗ ∈ Cl×1 represents the signal stream. We
just assume the number of spatial streams is l = Nr.
E[(xc,n

s xc,n
s )∗] = Il. zc,n

s is additive white Gaussian noise
with E[zc,n

s (zc,n
s )∗] = σ2INr .

The received signal can be rewritten as follow:

yc,n
s = Hc,n

s

∑
s=1,s∈S̄n

c

Wc,n
s xc,n

s + + zc,n
s

C∑
c′=1,c′ �=c

Hc′,n
s

∑
s′∈S̄n

c′

Wc′,n
s′ xc′,n

s′
(2)

where Hc,n
s = [Hc,n

1,s ,Hc,n
2,s , ..,Hc,n

K,s] is a CNr×KNt channel
matrix, and Wc,n

s = [(Wc,n
1,s )∗, (Wc,n

2,s )∗, .., (Wc,n
K,s)

∗]∗ is
precoder for user s. We plus inter-cluster interference and

Fig. 2: The process of using a decision tree

noise, using Rc,n
s to represent:

yc,n
s = Hc,n

s

∑
s=1,s∈S̄n

c

Wc,n
s′ xc,n

s′ + Rc,n
s (3)

Denote the covariance matrix of Rc,n
s with Tc,n

s . To suppress
inter-cell interference, we apply an Nr × Nr whitening filter
Qc,n

s at the receiver ends, which is shown to be related with
Tc,n

s as
[Tc,n

s ]−1 = Qc,n
s [Qc,n

s ]∗

With this whitening filter, the received signal for user s after
post-processing is

yc,n
s = Qc,n

s Hc,n
s

∑
s=1,s∈S̄n

c

Wc,n
s′ xc,n

s′ + Qc,n
s Rc,n

s

= Ĥc,n
s

∑
s=1,s∈S̄n

c

Wc,n
s′ xc,n

s′ + R̂c,n
s

(4)

where Ĥc,n
s = Qc,n

s Hc,n
s and R̂c,n

s = Qc,n
s Rc,n

s are equiva-
lent channel matrix and noise vector.

III. COORDINATED SCHEDULING BASED ON DECISION

TREE

A. Decision Tree Classification

Decision Tree is a flow-chart like structure in which internal
node represents test on an attribute and each branch repre-
sents outcome of test while each leaf node represents class
label (decision taken after computing all attributes). Figure 2
demonstrate the model.

Assuming that groups of samples are obtained and we
denote them with T, denote with C0 and C1 the coordinative
users and the non-coordinative users respectively. Thus we
create a proper decision tree which we use to judge user
types in real communication. C4.5 algorithm is a classical
decision tree building method proposed by Quinlan. It uses
information gain ratio rather than information gain to select
testing attributes and is suitable to discrete attributes [6].

We pluck four attributes of a service, A={SINR, LOCA-
TION, PACKET LOSS, DELAY}, which may indicate the
Quality of Service (QoS) most. Denote the information entropy
of samples as I(T) and it can be calculated as follow:

I(T) = −|P|
|T| log2

|P|
|T| −

|Q|
|T| log2

|Q|
|T| (5)

where P and Q stand for the set of C0 and C1 in T respec-
tively. Assuming |T| = M . Ak is the k-th attribute of A. Sort
all the samples in ascending order by [Ak0, .., Aki, .., AkM ].
Ti means the set of samples in interval

[
Ak(i−1), Aki

]
. C0i



and C1i mean the number of C0 type and C1 type in Ti

respectively. Split every
[
Ak(i−1), Aki

]
into 2 subinterval uni-

formly by Āki
, (i=1,2,...,M-1). If Ak is discrete, we calculate

information gain ratio by following:

Entropy(Ak) = −
M−1∑
i=1

|Ti|
|T| × I(C0i,C1i) (6)

I(C0i,C1i) =
|C0i|
|Ti| log2

|C0i|
|Ti| +

|C1i|
|Ti| log2

|C1i|
|Ti| (7)

Gain(Ak) = I(T) − Entropy(Ak) (8)

Gainratio(Ak) =
Gain(Ak)

M−1∑
i=1

|Ti|
|T| log2

|Ti|
|T|

(9)

Applying C4.5 algorithm to our target problem, we build a
decision tree as Algorithm 1 goes.

Algorithm 1: Building Decision Tree by C4.5

1 Obtain samples
2 A={SINR, LOCATION, PACKET LOSS, DELAY}
3 While A �= Φ
4 For k ≤ |A|
5 Sort Ak in ascending order by [Ak0, .., Aki, .., AkM ].
6 Split every interval

[
Ak(i−1), Aki

]
into 2 subinterval

uniformly by Āki
, (i=1,2,...,M-1).

7 For 0 ≺ i ≺ M
8 Group samples by [Ak0, Āki

] and [Āki
, AkM ], dividing

continuous attribute into two discrete intervals ; calculate
Gainratio(Ak) as (4)-(7) show as if attributes are
discrete except that M = 2 now.

9 End for
10 Select Āki

that has the maximum information gain
ratio as threshold and record its Gainratio(Ak)

11 End for
12 Select Aj that has the maximum information gain ratio

as testing attribute
13 Update A by A = A − Aj

14 End while
15 Return the decision tree, construct a training pattern.

In algorithm, Step (4-10) is to discrete continuous attribute.
Here we discrete attribute into two subintervals.

In conclusion, given training samples, we first make a
decision tree as Algorithm 1 goes. And then UEs feed back
four attributes to their own server BS. BS classify users by
the tree. After that we can get Sc

k, Ick and Ŝc in section II.

B. Joint Precoding Method And Power Allocation

To mitigate intra-cluster interference, a classical precod-
ing method Block Digonalization precoding (BD) scheme
is utilized. First, construct the aggregate interference ma-
trix for user s in cluster c on slot n as H̄c,n

s =

[(Ĥc,n
1 )∗, .., (Ĥc,n

s−1)∗, (Ĥc,n
s+1)∗, .., (Ĥc,n

|S̄n
c |

)∗]∗ The principle
idea of BD is to find the precoding matrix Wc,n

s such
that H̄c,n

s Wc,n
s = 0 , which means there is no inter-user

interference. Thus Wc,n
s lies in the null space of H̄c,n

s . A
sufficient condition for the existence of a nonzero effective
channel matrix for user s, H̄c,n

s Wc,n
s , is that at least one

row of H̄c,n
s is linearly independent of the rows of Wc,n

s .
This introduces the constraint that the number of total transmit
antennas (KNt) is no smaller than the number of total receive
antennas (|S̄n

c |Nr). Therefore, there is a constraint on the total
number of users that can be served simultaneously in each
cluster, specified as follows:

Lemma 1 (User constraint for multi-cell BD): For a clus-
tered MIMO network with K BSs per cluster, the maximum
number of users that can be supported simultaneously on one
slot in each cluster by multi-cell BD is bounded by

Smax ≤
⌊

KNt

Nr

⌋

where �x� is the maximum integer less than or equal to x.
We describe the precoding matrix design as follows. Let

Ñ
(c,n)
s = rank(H̄c,n

s ), and denote the singular value decom-
position (SVD) of H̄c,n

s as

H̄c,n
s = Ũc,n

s Λ̃c,n
s [Ṽ(c,n,1)

s Ṽ(c,n,0)
s ]∗ (10)

where Ũc,n
s and Λ̃c,n

s represents left singular matrix and
diagonal matrix of the singular value respectively. Ṽ(c,n,1)

s

comprises the first Ñ
(c,n)
s right singular vectors while Ṽ(c,n,0)

s

comprises the last (KNt−Ñ
(c,n)
s ) right singular vectors which

consists of a set of orthogonal basis from which we get Wc,n
s .

With the derived Wc,n
s , the received signal becomes

yc,n
s = Ĥc,n

s Wc,n
s xc,n

s + R̂c,n
s (11)

Thus, the achievable sum rate per cluster is given by [6]

Cc = max
Wc,n

k,s

n∈N̄∑
n=1

∑
s∈S̄n

c

log2 det(INr
+ Ec,n

s ) (12)

Since E[xc,n
s (xc,n

s )∗] = Il, Then Ec,n
s is as follow:

Ec,n
s = Ĥc,n

s Wc,n
s xc,n

s (xc,n
s )∗(Wc,n

s )∗(Ĥc,n
s )∗

= Ĥc,n
s Wc,n

s (Wc,n
s )∗(Ĥc,n

s )∗
(13)

Denote the cluster power allocation matrix is

Wc
k =

⎡
⎢⎣

Wc,1
k,1 ... Wc,1

k,|̄s1c|
... ...

Wc,|N̄|
k,1 ... Wc,|N̄|

k,|̄s|N̄|
c |

⎤
⎥⎦ , k ∈ K

Then the transmit power constraint for each BS is

sum(Wc
k) =

∑
n∈N̄

∑
s∈S̄c

Wc,n
k,s ≤ Pmax , k ∈ K (14)

Denote the SVD of the efficient channel Ĥc,n
s Wc,n

s as

Ĥc,n
s Wc,n

s = Uc,n
s

[
Λc,n

s 0
0 0

]
Vc,n

s (15)



where Λc,n
s = diag(λs,1, λs,2, .., λs,rk

) and rk =
rank(Ĥc,n

s Wc,n
s ). Let Λc,n = blockdiag{Λc,n

1 , ..,Λc,n

|S̄n
c |
}.

Denote Vc,n = blockdiag{Vc,n
1 ,Vc,n

2 , ..,Vc,n

|S̄n
c |
}.Then the

cluster sum rate optimal problem can be written as⎧⎨
⎩ Cc = max

Wc
k

n∈N̄∑
n=1

log2 det(I + Λc,nQ̂c,n(Λc,n)∗)

s.t. sum(Wc
k) ≤ Pmax, k ∈ K

(16)

. where Q̂c,n = (Vc,n)∗Vc,n.
To simplify the problem, we divide it to N̄ low dimensional

optimal problem and find a suboptimal solution. We try to
optimize the following:⎧⎪⎨
⎪⎩

C(c,n) = max
Wc,n

k, s

log2 det(I + Λc,nQc,n(Λc,n)∗)

s.t.
∑

s∈S̄n
c

Wc,n
k,s ≤ Pmax

N̄
, n ∈ N̄ , k ∈ K

, n ∈ N̄

(17)
We know that the optimal power allocation to (17) is a

diagonal matrix [7], making the optimization problem an
algebra problem. It was shown in [8] that for the special case
of K = 1 or 2, this problem can be efficiently solved by the
waterfilling algorithm or by characterizing the intersections
of the hyperplane constraints, which, however, cannot be
easily extended to the more general case. To the best of our
knowledge, at this point no closed-form solutions such as
waterfilling are available for the optimization problem. The
objective function, however, is concave and the constraint
functions are linear, so this is a convex optimization problem
and can be solved numerically, e.g. with the interiorpoint
method. Recently, a more efficient algorithm was proposed
in [9], where the dual problem is solved by a B-dimensional
subgradient iteration which solves our problem.

C. User Scheduling

As we know there are N resource slots for total users at
every BS. Now, we need allocate slots properly. To strike a
balance between coordinative user sum rate and system total
performance, we can distribute resource slots as algorithm
2 goes. Denote N̂ as the slots for non-coordinative users.
We first divide the users in Ŝc into M groups, each have
Smax users. Denote Ci,n

coor, i = {1, 2, ..,M} as the i-th group
coordinative sum rate when slot n is allocated. Cn

k means
non-coordinative user rate when allocated with slot n. Once
the slots are distributed, users are also selected. At every
scheduling interval, such a slots distribution is conducted.

IV. SIMULATION RESULTS

A. Decision Tree Simulations

We utilize a group of data tested by other objects in our
laboratory as in Table I which evaluates the Quality of Service
according to several attribute parameters. If a service is good
enough to a user, it was defined as ‘1.0’. Otherwise, it was
‘0.0’. Here we declare that ‘0.0’ means C0 type while ‘1.0’
means C1 type.

Then we use Table I to build a decision tree classifier by
Weka 7.0. And the result is as Figure 3 shows (label ‘yes’

Algorithm 2: Performance-based Slots Distribution

1 N̄ = ∅, N̂ = ∅
2 For n = {1, 2, .., N}
3 For i = {1, 2, ..,M}
4 Calculate Ci,n

coor

5 End for
6 Select the maximum Ci,n

coor, Ci,n
coor → Cmax

coor

7 For k = {1, 2, ..,K}
8 For every BSk, search exhaustively for best

non-coordinative users for slot n
9 Calculate Cn

k

10 End for
11 Calculate Cnon =

∑K
k=1 Cn

k

12 If Cnon ≤ Cmax
coor

13 n → N̄

14 Else n → N̂
15 End if
16 End for

TABLE I: Training Data

No.
SINR
(dB)

DELAY
(ms)

PACKET
LOSS

LOCATION
(km)

CLASS

1 22.9416 9.6274 0.0556 699.3316 0.0
2 20.8948 6.3867 0.0571 800.4586 0.0
3 22.6839 5.8296 0.0945 598.1755 1.0
... .........
28 22.8927 5.5716 0.0612 600.2993 1.0
29 19.7783 11.1725 0.0705 901.0142 0.0
30 25.5531 5.1537 0.0441 499.1056 1.0

means C1 type and label ‘no’ means C0 type). Here we can
see that only two attributes are selected and this is reasonable
since SINR and DELAY are decisive for users’ experience
of certain service (such as real time transmission video). The
number after labels is the quantity of samples classified to
that type and ‘17.0/1.0’ means that there is one sample being
judged wrongly.

B. System Performance Simulations

In this section, the performance of the proposed coordina-
tion strategy is shown via monte carlo simulation. We choose
the number of antennas to be Nt = 4 and Nr = 2 and the

Fig. 3: Built decision tree
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km.

In order to illustrate the excellent performance of the
proposed scheme with decision tree, we compare it with
different systems as Fig. 4 shows. Dirty paper coding(DPC)
is a excellent precoding method except that it is nonlinear
and extremely complicated. TPC means total power control
while PBPC means per BS power control. From Fig. 4, we see
that DPC systems have better performance than BD systems.
PBPC schemes are generally a little bit no-good than TPC
schemes. Last but not least, when added with decision tree
user classification, both DPC-PBPC and BD-PBPC show a
progress than that without decision tree.

Figure 5 shows the cumulative distribution function (CDF)
of mean rates of users. We totally use 3000 samples of user
rates, with which we can plot the CDF. As Fig. 5 shows, two
group of lines are plot respectively. One is under the condition
of transmit power being 0dB and the other is simulated with
transmit power being 10dB. Obviously, more transmit power
lead to better capacity. Furthermore, we can see that the rate
with 70% outrage when transmit power being 10dB for DPC-
PBPC is 4 bps/Hz, for DPC-PBPC (DT) is 4.2 bps/Hz and
for BD-PBPC with or without DT are 3.8 bps/Hz and 3.7

bps/Hz, respectively. For BD schemes, 80% users have mean
rate larger than 4bps/Hz.

V. CONCLUSION

We described a coordinated scheduling scheme which use
a decision tree classification to classify users. To maximum
the system capacity, we divided resource slots based on
system performance. A whitening filter to cancel inter-cluster
interference is used. Then, we jointly precode and distribute
power for all selected coordinative users to mitigate intra-
cluster interference. We break up the object problem which
is extremely complicated. Cooperation can be conducted be-
tween femtocells [10-11]. Mobility robust optimization in [12]
may also be our future work.
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