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Abstract:    This paper deals with design and analysis of user scheduling and power allocation for multi-antenna OFDM systems 
with DPC, ZF-DPC, ZF-BF and TDMA transmit strategies. We consider the general multi-user downlink scheduling problem and 
power minimization with multi-user rate constraints. According to the channel state, it is shown that there is a power optimal 
policy which selects a subset of users in each scheduling interval. We present user selection algorithms for DPC, ZF-DPC, ZF-BF 
and TDMA for multi-antenna OFDM system in broadcast channels, and we also present the practical water-filling solution in this 
paper. By the selected users with the consideration of fairness, we derive the power optimization algorithm with multi-user rate 
constraints. We also analyze the power duality of uplink-downlink for the transmit strategies of DPC, ZF-DPC and ZF-BF. 
Simulation results show that the present user-scheduling algorithm and power minimization algorithm can achieve good power 
performance, and that the scheduling algorithm can guarantee fairness. 
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INTRODUCTION 
 

Multiple-input multiple-output (MIMO) system 
is well motivated for wireless communication through 
fading channels because of the potential improve-
ments in transmission rate or diversity gain (Alamouti, 
1998). On the other hand, the orthogonal frequency 
division multiplexing (OFDM) has also emerged as 
an attractive transmission scheme and is adopted in 
many existing systems. Therefore, MIMO-OFDM is 
now a popular topic in both literature and industry. It 
is well known that multiple antennas can be easily 
deployed at the base station in cellular systems. 
However, mobile terminals have a smaller number of 
antennas than base station due to the size and cost 
constraints. Thus, it may appear that we do not obtain 
significant capacity benefit from the multiple transmit 

antennas. This is true with the transmit strategy of 
time-division multiple access (TDMA) (Yoo and 
Goldsmith, 2006; Jagannathan et al., 2007). To solve 
the problem, multi-user must be served simultane-
ously. One way to accomplish this is called dirty 
paper coding (DPC), which is a multi-user encoding 
strategy based on interference presubtraction (Costa, 
1983). While DPC is with high complexity, Caire et 
al. present zero forcing dirty paper coding (ZF-DPC) 
as a suboptimal solution (Caire and Shamai, 2003; 
Kang and Cho, 2007). As a very simple transmit 
strategy, zero forcing beamforming (ZF-BF) tech-
niques have been proposed for space division multi-
ple access (SDMA) to remove the co-channel inter-
ference in MIMO downlink systems (Spencer et al., 
2004; Zhang and Letaief, 2007). 

Various researchers have investigated the sum 
capacity gains achievable in the above described 
system by simultaneously transmitting to several 
users (Jindal and Goldsmith, 2005). In information 
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theoretic terms, multi-user downlink channel may be 
modeled as a multi-user antenna broadcast channel 
(BC) (Caire and Shamai, 2003; Viswanath and Tse, 
2003; Vishwanath et al., 2003; Viswanathan et al., 
2003; Jindal et al., 2004). A broadcast channel is a 
typical environment encountered in multi-user com-
munication, such as wireless LAN and cellular 
systems. In BC and MAC, power control has been an 
important mechanism to solve the near-far problem. 
In multi-antenna OFDM systems, the optimal power 
allocation for the desired rate in the achievable rate 
region is not clearly known until now. Most literature 
on this topic only address the maximum sum rate 
problem when each user has his own power budget. In 
other words, most previous researches are concen-
trated on the sum capacity, or maximum total 
throughput, of BC or MAC. In this way, users with 
strong channels are typically allocated more rates 
than users with weaker channels, and some users may 
not be allocated any rate at all. This may be undesir-
able in certain systems, particularly those with un-
equal receiver channel qualities, and a more attractive 
option is to allocate rates more uniformly (Lee and 
Jindal, 2006). 

In most practical cases, each user has a desired 
date rate and likes to achieve it within minimum 
power. Thus, it is an important problem to guarantee 
all the user’s desired data rates while consuming 
minimum power. The motivation of the problem is 
power saving and reducing the co-channel interfer-
ence to neighbor cell. Two classes of optimal power 
allocation are of fundamental interest: one is given 
power constraints, what is the optimal power and rate 
allocation to support the boundary surface of the ca-
pacity region; the other is given a rate tuple, what is 
the optimal power and rate allocation to support the 
boundary of the power region. The first problem can 
be cast as a weighted sum rate maximization problem, 
and the second as a weighted sum power minimiza-
tion problem (Lee and Jindal, 2006). 

The focus of this paper is the sum power mini-
mization problem for multi-antenna OFDM system in 
MAC and BC with user selection. We assume that the 
channel is frequency-selective. However, it is divided 
into Nc independent ISI-free subchannels by em-
ploying OFDM in the transmission. The channel in-
formation is assumed to be perfectly known to the 
receiver and the transmitter for power control.  

In this paper, we study the optimal transmit 

schemes of DPC, ZF-DPC and ZF-BF techniques 
with optimal power allocation algorithm by multi- 
user rate constraints. Oh (2005) has investigated the 
power duality in Gaussian scalar channel for DPC 
system, however, the result in (Oh, 2005) is not suit-
able for Gaussian vector channel; and due to the high 
complexity of dirty paper coding, the power duality 
for DPC system is not practical. Motivated by this, we 
investigate the power duality of BC and MAC, and we 
also propose the minimization power allocation 
solution for different transmit strategies. 

The contributions of this paper are as follows: 
(1) We derived the close form of minimization 

power allocation for DPC, ZF-DPC and ZF-BF in 
MIMO-OFDM systems. 

(2) We analyzed the power duality between 
MAC and BC for ZF-DPC and ZF-BF. 

(3) We developed the user-scheduling algorithm 
for DPC, ZF-DPC and ZF-BF with the consideration 
of fairness. 
 
 
SYSTEM MODEL AND MULTI-USER TRANS-
MIT STRATEGIES 
 

In this section, we describe the model of 
multi-antenna OFDM system in broadcast channel 
and introduce the transmit schemes such as DPC, 
ZF-DPC and ZF-BF. 
 
Multi-antenna OFDM broadcast channel model 

Fig.1 shows the multi-user MIMO-OFDM sys-
tem in broadcast channel. We assume that the trans-
mitter can get perfect knowledge of channel state 
information. Thus, the transmit schedules a set of 
users to service and employs power allocation on each 
subcarrier. We focus on quasi-static channels, where 
the channel is fixed over the time period of interest 
(i.e., over the period of the delay constraint). In 
multi-user MIMO-OFDM system, we consider a 
wireless communication system with a base station 
and K users. The base station is with Nt transmit an-
tennas while each of the users only has a single re-
ceive antenna. In an OFDM symbol, the number of 
total subcarriers is Nc. Thus the channel between the 
base station and user k on subcarrier n can be 
characterized by 1×Nt matrix hi,n. For every user i, the 
base station transmits data xi,n after an Nt×1 dimen-
sional beamformer vk,n on subcarrier n. The signal at 
the ith user’s receiver on the nth subcarrier is 
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where wi,n is white Gaussian noise at the ith user on 
subcarrier n and pj,n is the power allocated to the ith 
user on the nth subcarrier. 
 
DPC, ZF-DPC and ZF-BF in multi-antenna sys-
tem 

In this subsection, DPC, ZF-DPC and ZF-BF 
schemes for multi-antenna broadcast channel (BC) 
are introduced.  

1. Dirty paper coding (DPC) 
 It is now well known that DPC achieves the sum 

capacity of the multi-antenna BC as well as the full 
capacity region (Yu and Cioffi, 2004). 

DPC is a precoding technique which precancels 
interference at the transmitter (Caire and Shamai, 
2003; Viswanathan et al., 2003; Yu and Cioffi, 2004; 
Weingarten et al., 2006). We now describe the 
transmit signal when DPC is utilized. Let sk∈÷

Nt×Nr be 
its precoding matrix. Then the transmit signal vector x 
can (roughly) be represented as 
 

1 1 2 2 2 2 1 1( ( ( )) ),K K K K K K− − − −= ⊕ ⊕ ⊕ ⊕ ⊕x v s v s v s v s v s
(2) 

 

where ⊕ represents the non-linear dirty paper sum, 
and vi is the beamforming vector of user i. We assume 
that the encoding process is performed in descending 
order. Dirty-paper decoding at the kth receiver will 
cancel the interference of vk+1sk+1, …, vKsK, thus the 
effectively received signal at user k is 
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where the second term is the multi-user interference 
which is not cancelled by the DPC principle. If the sk 
are chosen Gaussian, the rate of the kth user is ex-
pressed as 
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where Σ j=vjE[sjsj
H]vj

H denotes the transmit covari-
ance matrix of user j. The sum capacity of the MIMO 
BC by DPC can be expressed as 
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2. Zero forcing beamforming (ZF-BF) in a 

MISO BC 
Multiple transmit antennas can potentially yield 

an Nt-fold increase in the sum capacity, where Nt is 
the number of transmit antennas. Yoo and Goldsmith 
(2006) showed that employing ZF-BF to a set of Nt 
nearly orthogonal users with large channel norms is 
asymptotically optimal as the number of users grows 
large. 

In ZF-BF, the beamforming matrix takes a 
pseudo inverse of the channel matrix. In multi-user 
MISO case, we first select a user subset S to be served 
together where |S|≤Nt (|S| denotes the size of user set) 
and then build the corresponding channel matrix H(S). 
The beamforming matrix v(S) is written as 
 

H H 1( ) ( )[ ( ) ( )] .S S S S −=v H H H            (6) 

Fig.1  Block diagram of multi-antenna OFDM system in broadcast channel 
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As a result, the achievable throughput of ZF-BF for a 
given user set S is given by 
 

ZF-BF 2( ) max log (1 ),i i
i S

R S d P
∈

= +∑             (7) 

 
where di denotes the channel gain of user i, and Pi is 
obtained by water-filling. 

3. Zero forcing dirty paper coding (ZF-DPC) in a 
MISO BC 

Finding simple ways to achieve performance 
close to capacity is still of great interest for the MIMO 
enhanced broadcast channel (Viswanath and Tse, 
2003). In (Caire and Shamai, 2003), a simple ap-
proach based on QR decomposition is proposed to 
optimize the sum rate for channel matrices with full 
row rank. It is referred to as zero forcing dirty paper 
coding (ZF-DPC) (Viswanath and Tse, 2003). 

As in ZF-BF, let S be a user subset and H(S) the 
corresponding channel matrix. Then, by taking QR 
decomposition, the channel matrix can be expressed 
as H(S)=RHQH, where Q is a unitary matrix and R is an 
upper triangular matrix. Let {ri,i} denote the diagonal 
elements of RH, then the sum rate of ZF-DPC is 
 

2
ZF-DPC 2 , ,( ) log (1 | | ),i i i i

i S
R S r P

∈

= +∑             (8) 

 
where the allocated power Pi,i is obtained by wa-
ter-filling. 
 
 
POWER DUALITY OF BC AND MAC  
 

This section analyzes the duality of Gaussian BC 
and MAC. For a given BC, there exists a dual MAC 
whose channel response is the same with the trans-
mitters and the receivers swapped. This relationship is 
reciprocal. Thus, the duality is an important notation 
that gives insight into fundamental relationships in 
multi-user information theory. Jindal et al.(2004) 
showed that the capacity region of the Gaussian scalar 
broadcast channel is equal to that of the dual Gaussian 
multiple-access channel under the same sum-power 
constraints. We deduced the power duality of vector 
channels for ZF-DPC and ZF-BF in this section. 

The uplink-downlink duality results in precod-
ing and beamforming are similar to the duality rela-
tionship between the capacity (DPC) region of 

MIMO-MAC and MIMO-BC. Here, we present the 
analysis of duality of precoding system and the rela-
tionship of BC powers and MAC powers. 
 
Power duality of precoding for ZF-DPC 

We first consider the uplink with the user order 
as 1,…,K. We assume that the linear receiver vectors 
are v1,…,vK, and use successive cancellation with the 
order as 1,…,K. The SIR (signal interference ratio) of 
user k is (Viswanath and Tse, 2003) 
 

( )M 2 M 2
1
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SIR p p
= +
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with the signals from users 1,…,j−1 being decoded 
and perfectly cancelled, where M

kp  is the power al-
located to user k and hk∈÷

1×Nt is the channel vector of 
user k. 

In BC, we employ linear precoder but use a 
transmission strategy based on known interference at 
the receiver. Thus, the transmit signal is 

1
,K

k kk=
= ∑x x v  and the received signal at user k is 

 

.k k k k j k j j k j k
j k j k> <

= + + +∑ ∑y x h v x h v x h v h w     (10) 

 
We use Gaussian independent inputs for x1,…,xK 

with variances B B
1 ,..., Kp p  and perform precoding for 

each user. Hence, we obtain the rates of user k 
 

2log (1 ),k kR SIR= +                       (11) 
where 
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By defining Ak and Bk as 
 

1
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1 1
1 | | , 1 | | ,

k K
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−
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we rewrite the rates in the MAC and BC as 
 

( )2M M
2log 1 ,k k k k kR p B= + h v             (14) 

( )2B B
2log 1 .k k k k kR p A= + h v              (15) 

 

Thus, if the power satisfies 
 

B M/ / ,    1, ,k k k kp A p B k K= = …             (16) 
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We now show that given a set of MAC powers and a 
MAC decoding order, there exists a set of BC powers: 
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Similarly, MAC powers can be derived from BC 
powers: 
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Power duality of precoding for ZF-BF 

Note that in ZF-DPC, user k only sees interfer-
ence from users 1,…,k−1, in contrast to the linear 
beamforming strategy where it sees interference from 
all other users. 

Thus, for each k=1,…,K, the uplink SIR of user k 
is 
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and the uplink SIR of user k is 
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we can rewrite the rates in the MAC and BC as 
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Thus, if the power satisfies 
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We now show that given a set of MAC powers 

and a MAC decoding order, there exists a set of BC 
powers: 
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powers: 
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OPTIMAL PROBLEM OF MULTI-USER POWER 
ALLOCATION 
 

The work of DPC power allocation has been well 
done in (Oh, 2005). Therefore, we focus our work on 
the power allocation optimization for ZF-DPC, 
ZF-BF BC, and the results can be extended to MAC 
by power duality. 



She et al. / J Zhejiang Univ Sci A  2008 9(2):215-224 220

Optimal problem 
We consider the case that each receiver has only 

one antenna. The optimal power allocation problem is 
determining the minimum required to transmit power 
to achieve a given rate vector R, which is an 
optimization problem as follows: 
  

c c

, 2 , ,
1 1 1

min ,   s.t.  log (1 ) ,

                          1,  2,  ,  

N NK

j n j n j n j
j n n

p d p R
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=
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…

 (37) 

 
where pj,n is the power on the nth subcarrier of user j, 
dj,n denotes the channel gain of user j on the nth sub-
carrier. 
Lemma 1    For Gaussian BC with channel gain d=[d1 
d2 … dK] and noise variance 1, the optimal power of 
pj,n can be noted as 
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where  [x]+ denotes max{x, 0}, and ( )N j  is the 
number of allocated subcarriers to user j, and dj,n 
denotes the channel gain of user j on the nth subcar-
rier. 
Proof    The cost function can be written as 
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The gradient provides us with the following condi-
tion: 
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From Eq.(40), we get 
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From Eq.(41), we get 
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Substituting Eq.(43) into Eq.(42), the result will be 
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In practical solution of power allocation, some 

subcarriers will not be allocated any power, thus, in 
Eq.(44), Nc will be substituted as ( ).N j  The deter-

mination of ( )N j  will be done in the next section. 
 
 
MULTI-USER SCHEDULE FOR MULTI- 
ANTENNA OFDM BC 
 

In this section, we develop user group selection 
algorithms for ZF-DPC, ZF-BF for MIMO-OFDM 
system in broadcast channel. 

As mentioned above, ZF-DPC is a suboptimal 
solution to DPC based on QR decomposition. For 
multi-subcarrier DPC or ZF-DPC systems, we have to 
select user across subcarriers. Thus, we first select the 
users for each subcarrier, and then carry out the se-
lection work on other subcarriers. The user selection 
only occurs among those not-selected users, unless all 
the users are selected. This work extends Yoo (Yoo 
and Goldsmith, 2006) and Dimic’s (Dimic and Sidi-
ropoulos, 2005) work to multi time slot and multi- 
subcarrier with consideration of fairness. Let the 
number of transmit antennas be Nt. The number of 
selected users must be less than Nt. In general, dif-
ferent selection yields different value of needed 
power. Furthermore, different ordering with the same 
set of users yields different needed power. Here, we 
use greedy algorithm to determine the user order and 
minimize the consumption power. Let T denote the 
user set, and N the subcarrier set. hk(Ns) is the channel 
vector of the kth user on the Ns-th subcarrier, S(Ns) the 
selected user set on the Ns-th subcarrier and Nc the 
total number of subcarriers. 
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Algorithm 1 (for DPC, ZF-DPC) 
Step 1: Initialization.  
• Set T={1,…,NK}, N={1,…,Nc}.  
• n=1.  
• Let S(Ns)=∅ (empty set), Ns={1,…,Nc}.  
Step 2: If T=∅, then set T={1,…,NK}.  
• Let r1,k(Ns)=hk(Ns)hk

H(Ns), where k∈T and Ns∈ 
N. Find a user s1(Ns) such that 
 

         
s

1 1, s{ , }
arg max ( ).kk T N N

s r N
∈ ∈

=                   (45) 

 

• Set S(Ns)=S(Ns)∪{s1}, T=T−{s1}. 
Step 3: while n≤Nt  
• Increase n by 1.  
• Project each remaining channel vector onto the 

orthogonal complement of the sub-space spanned by 
the channels of the selected users. The projector ma-
trix is (Dimic and Sidiropoulos, 2005) 
 

t

H
s 1 s 1 s

H 1
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( ) [ ( )]{ [ ( )]
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n N n n

n n

N S N S N
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⊥
− −

−
− −

= −

⋅

P I H H

H H     (46) 
 

where 
tNI  is the Nt×Nt identity matrix, and H(Sn−1) 

denotes the channel vectors of the users selected in 
the first n−1 steps on the Ns-th subcarrier. 
 

1 2 1

H H H
1( ) [ ].

nn s s sS
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Let rn,k(Ns)=|hk(Ns)Pn
⊥(Ns)|2. Due to the idempotence 

of Pn
⊥(Ns), we have 

 
H

, s s s s( ) ( ) ( ) ( ).n k k n kN N N N⊥=r h P h           (48) 
 

• Finding a user sn on the Ns-th subcarrier such 
that 
 

, sarg max ( ).n n ks r N=                     (49) 
 

• Set S(Ns)=S(Ns)∪{sn}, T=T−{sn}. 
Step 4: N=N−{Ns}, n=1, while N≠∅, 
• go to Step 2. 
Step 5: Beamforming on each subcarrier: 
• on each subcarrier, let v=QH, where H[S(Ns)]= 

LQ is QR-type decomposition of H[S(Ns)]. 
Step 6: Dirty paper coding processing: applied 

on the rows of L. 
Step 7: Power allocation: water-filling across 

subcarriers and data streams. 

Algorithm 2 (for ZF-BF) 
Step 1: Initialization.  
• Set T={1,…,NK}, N={1,…,Nc}. 
• n=1. 
• Let S(Ns)=∅. 
Step 2: If T=∅, then set T={1,…,NK}.  
• Let r1,k(Ns)=hk(Ns)hk

H(Ns), where k∈T and Ns∈ 
N. Find a user s1(Ns) such that 
 

s
1 1, s{ , }

arg max ( ).kk T N N
s N

∈ ∈
= r                   (50) 

 

• Set S(Ns)=S(Ns)∪{s1}, T=T−{s1}. 
Step 3: while n≤Nt,  
• Increase n by 1.  
• Denote the achievable rate RZF[S(Ns)], find a 

user sn, such that 
 

ZF sarg max [ ( ) { }].
n

n ns T
s R S N s

∈
= ∪            (51) 

 

• Set S(Ns)=S(Ns)∪{sn}, T=T−{sn}. 
Step 4: If RZF(Sn)max<RZF(Sn−1)max, S(Ns)=S(Ns)− 

{sn}. 
Step 5: N=N−{Ns}. 
Step 6: If N≠∅, set n=1, go to Step 2. 
Step 7: Beamforming on each subcarrier: 
• on each subcarrier, let 

 
H H 1

s s s[ ( )]{ [ ( )] [ ( )]} ,S N S N S N −=v H H H     (52) 
 
where H[S(Ns)]=LQ is QR type decomposition of 
H[S(Ns)]. 

Step 8: Power allocation: water-filling across 
subcarriers and data streams. 
 
 
SIMULATION AND DISCUSSION 
 

In this section, we provide some numerical ex-
amples to illustrate the performance of the power 
allocation and scheduling algorithms in this paper. In 
the multi-user MIMO-OFDM system, we assume the 
number of transmit antenna is Nt, and each user with a 
single receive antenna. With spatial multiplexing, the 
maximum number of active users on each subcarrier 
is less than Nt. 

We assumed that the discrete-time channel im-
pulse response was generated according to the Hiper-
lan2 Channel Model C in (Medbo and Schramm, 
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1998). The channels between different transmit and 
receive antennas are assumed to be independent. The 
transmitter power was allocated across subcarriers by 
water-filling principle presented in Section 3. The 
receiver used linear decoder with perfect channel 
knowledge. It is also assumed that the transmitter has 
perfect knowledge of the channel state information. 
Experiment 1    The first experiment compares the 
needed sum-power of DPC, TDMA, ZF-DPC and 
ZF-BF. The MIMO-OFDM system in this experiment 
is configured as: the number of transmitter antennas is 
4, and each user is equipped with one receive antenna. 
The number of subcarriers is 64 and the cyclic prefix 
length is 16. The Rate0 in Fig.2 is randomly created 
which ranges from 0.01 to 0.16. The rate of each user 
is the multiple of Rate0, and the number of users in 
this experiment is 80. Fig.2 shows the needed power 
of the power allocation algorithms. Compared with 
classical power allocation for TDMA, the transmitter 
schemes of ZF-DPC, DPC and ZF-BF only need 
much less power to reach the same rate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Experiment 2    The second experiment is about the 
needed power of selection without consideration of 
fairness. The configuration of multi-antenna OFDM 
system is the same as that of Experiment 1. The rate 
of each user is randomly created by Rate0, which is 
defined in Experiment 1. In this experiment, only 
those users with better channel condition is selected 
on each subcarrier. By 10 000 times of channel re-
alization, we can see from Fig.3 the needed power of 
TDMA, DPC, ZF-DPC and ZF-BF. Compared with 
Fig.2, we can see that the needed power of algorithm 

without fairness consideration is less than that with 
consideration of fairness. This is because that Algo-
rithm 1 and Algorithm 2 have to consider the fairness 
among users. Thus the decrement of needed power 
can be considered as the loss of fairness. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Experiment 3    The third experiment is about the 
fairness of user selection. In this experiment, we con-
sider the number of subcarriers is 1024, and the user- 
scheduling scheme is as Algorithm 2. We consider 
100 users in this experiment. Without loss of 
generality, we only consider the scenario of ZF-BF, 
and the results of ZF-DPC would be similar to that of 
ZF-BF. We test the scheduling Algorithm 2 for 10 000 
times. Fig.4 shows that by Algorithm 2, the selected 
frequency of each user is very close. Thus, by Algo-
rithm 2, the system can achieve considerable fairness, 
and we can also look at this experiment as the duality 
of Experiment 2. 
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Experiment 4    The influence of multi-user diversity 
is tested in this experiment. The rate of each user in 
this experiment is randomly created which ranges 
from 0.0156 to 0.25. Without loss of generality, the 
number of users in each simulation scenario is the 
multiple of 64. We also assume that there are 64 users 
that would be served at one time slot. Fig.5 shows that 
with the increment of the number of users, the needed 
power will decrease. This is because that multi-user 
gain is related to the size of user set. When the user 
number is large, the probability of selecting users 
with good channel state is higher than that of small 
number. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Experiment 5    The influence of the number of 
transmit antennas is tested in this experiment. The 
OFDM configuration is the same as that of Experi-
ment 1, and the rate of each user is randomly created 
which ranges from 1 to 8. Here, we assume that the 
number of users is 64. We compared the total power 
consumption of TDMA, ZF-BF and ZF-DPC. Fig.6 
shows that the total power of the three scenarios is the 
same when the number of the transmit antennas is one. 
The reason is that ZF-DPC and ZF-BF are actually 
TDMA when the transmitter only has a single antenna. 
We can also find that with the increment of the 
number of transmit antennas, the needed power will 
decrease. While Fig.6 also tells us that the number of 
transmit antennas does not need to be large, because 
the power saving is not obvious with a large number 
of transmit antennas. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSION 
 

In this paper, we consider the user scheduling 
and power allocation for MIMO-OFDM system in 
broadcast channel. The objective of user scheduling is 
to achieve the fairness among user selection, and the 
power allocation is to minimize the transmit power. 
We propose user-scheduling algorithms for ZF-DPC, 
DPC and ZF-BF in multi-antenna OFDM system. We 
also present the general solution of minimization of 
transmitter power. We have examined the transmit 
strategies for multi-antenna BC with a large number 
of users. We have shown that ZF-BF can achieve 
considerable performance but at much lower com-
plexity. The proposed user-scheduling algorithms 
indeed has good fairness performance for different 
transmit strategies. We also show that the needed 
power will be reduced with the increment of the 
number of users. This is because with a large number 
of users, the transmitter can choose users with good 
channel condition. Here, good channel condition 
means good channel quality and good orthogonality 
among multi-user channel vectors. 

Although we focus on BC, we also mention the 
duality between BC and MAC. By duality of MAC 
and BC, all the results in this paper are directly ap-
plicable to a MAC scenario. In other words, we can 
also minimize the sum-power of all the terminals in 
MAC. 

For the most of this paper, we only investigate 
users with a single receive antenna. The case of users 
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with multiple receive antennas would be an impor-
tant extension of the paper. Moreover, this paper is 
based on the assumption that the base station has 
perfect channel state information. When the trans-
mitter only has partial channel knowledge, the 
problem in this paper is a new practical problem. The 
encoding order of DPC is very important in power 
minimization, thus, more work is needed in this area. 
 
References 
Alamouti, S.M., 1998. A simple transmit diversity technique 

for wireless communications. IEEE J. Selected Areas 
Commun., 16:1451-1458.    [doi:10.1109/49.730453] 

Caire, G., Shamai, S., 2003. On the achievable throughput of a 
multiantenna Gaussian broadcast channel. IEEE Trans. 
on Inf. Theory, 49(7):1691-1706.   [doi:10.1109/TIT.2003. 
813523] 

Costa, M.H.M., 1983. Writing on dirty paper. IEEE Trans. on 
Inf. Theory, 29(3):439-441.  [doi:10.1109/TIT.1983.1056 
659] 

Dimic, G., Sidiropoulos, N.D., 2005. On downlink beam-
forming with greedy user selection: performance analysis 
and a simple new algorithm. IEEE Trans. on Signal 
Processing, 53(10):3857-3868.  [doi:10.1109/TSP.2005. 
855401] 

Jagannathan, K., Borst, S., Whiting, P., Modiano, E., 2007. 
Scheduling of multi-antenna broadcast systems with het-
erogeneous users. IEEE J. Selected Areas Commun., 
25(7):1424-1434.    [doi:10.1109/JSAC.2007.070915] 

Jindal, N., Goldsmith, A., 2005. Dirty-paper coding versus 
TDMA for MIMO broadcast channels. IEEE Trans. on 
Inf. Theory, 51(5):1783-1794.  [doi:10.1109/TIT.2005.846 
425] 

Jindal, N., Vishwanath, S., Goldsmith, A., 2004. On the duality 
of Gaussian multiple-access and broadcast channels. 
IEEE Trans. on Inf. Theory, 50(5):768-783.   [doi:10.1109/ 
TIT.2004.826646] 

Kang, K., Cho, Y., 2007. Scheduling scalable multimedia 
streams for 3G cellular broadcast and multicast services.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEEE Trans. on Veh. Tech., 56(5):2655-2672.  [doi:10. 
1109/TVT.2007.899943] 

Lee, J., Jindal, N., 2006. Symmetric Capacity of MIMO 
Downlink Channels. IEEE Int. Symp. on Information 
Theory, p.1031-1035.    [doi:10.1109/ISIT.2006.261884] 

Medbo, J., Schramm, P., 1998. Channel Models for HIPER-
LAN/2 in Different Indoors Scenarios. ETSI/BRAN 
3ERI085B, Mar. 

Oh, J., 2005. Transmit Power Optimization for Multi-user 
Communication. Ph.D Dissertation, Stanford University. 

Spencer, Q.H., Swindlehurst, A.L., Haardt, M., 2004. Zero- 
forcing methods for downlink spatial multiplexing in 
multiuser MIMO channels. IEEE Trans. on Signal Proc- 
essing, 52(2):461-471.   [doi:10.1109/TSP.2003.821107] 

Vishwanath, S., Jindal, N., Goldsmith, A., 2003. Duality, 
achievable rates and sum-rate capacity of MIMO broad-
cast channels. IEEE Trans. on Inf. Theory, 49(10):2658- 
2668.   [doi:10.1109/TIT.2003.817421] 

Viswanath, P., Tse, D.N.C., 2003. Sum capacity of the vector 
Gaussian broadcast channel and uplink-downlink duality. 
IEEE Trans. on Inf. Theory, 49(8):1912-1921.  [doi:10. 
1109/TIT.2003.814483] 

Viswanathan, H., Venketesan, S., Huang, H., 2003. Downlink 
capacity evaluation of cellular networks with known in-
terference cancellation. IEEE J. Selected Areas Commun., 
21(5):802-811.    [doi:10.1109/JSAC.2003.810346] 

Weingarten, H., Steinberg, Y., Shamai, S., 2006. The capacity 
region of the Gaussian multiple-input multiple-output 
broadcast channel. IEEE Trans. on Inf. Theory, 52(9): 
3936-3964.    [doi:10.1109/TIT.2006.880064] 

Yoo, T., Goldsmith, A., 2006. On the optimality of multi- 
antenna broadcast scheduling using zero-forcing beam-
forming. IEEE J. Selected Areas Commun., 24(3):528- 
541.   [doi:10.1109/JSAC.2005.862421] 

Yu, W., Cioffi, J.M., 2004. Sum capacity of Gaussian vector 
broadcast channels. IEEE Trans. on Inf. Theory, 50(9): 
1875-1892.    [doi:10.1109/TIT.2004.833336] 

Zhang, W., Letaief, K.B., 2007. MIMO broadcast scheduling 
with limited feedback. IEEE J. Selected Areas Commun., 
25(7):1457-1467.    [doi:10.1109/JSAC.2007.070918] 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


