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Abstract 
 
In this paper, an adaptive subcarrier and power allocation 
algorithm is proposed for delivering fine granularity 
scalable (FGS) video stream over an OFDMA system. The 
proposed method targets at not only minimizing the overall 
transmission errors, but providing the similar visual quality 
in the mean-square error sense to all users at a power 
constraint. The transmission optimization based on rate 
distortion theory is developed to achieve such a goal, 
which is implemented in two steps. First, assignment of 
layers to subcarriers is performed to achieve the maximum 
power efficiency, and secondly, optimal power distribution 
across all subcarriers is performed. The simulated results 
show that, compared to the uniform subcarrier and power 
allocation scheme, the proposed algorithm can achieve 
significant performance improvement in terms of both the 
overall transmission efficiency and the impartially quality 
division to each user. 
 
 

1.  Introduction 
 
Wireless video communication has become one of the 
major research fields in recent years. Although many 
researches have been done on this topic, several key 
requirements still need to be satisfied to provide the reliable 
and efficient transmission. One of the main requirements is 
that it needs to support a broad range of time-varying 
network bandwidth. Scalable video coding can easily 
enable this requirement. Among the existing scalable video 
coding schemes, fine granularity scalable (FGS) video 
coding [1] is one of the dominant techniques due to its fine 
scalability vs. the coding efficiency. 
 
A further main requirement of wireless video 
communication is that the transmission system needs to be 
very flexible and effective in handling the video. 
Orthogonal frequency division multiple access (OFDMA) 
has become a promising technology in the broadband 
wireless transmission systems. It has been shown that 
OFDMA is a highly flexible and effective method for 
combating multi-path fading in high-speed wireless data 
transmission [2]. Since scalable video coding is in 
particular designed for delivering prioritized video stream 

over dynamic networks, it is very desirable to develop the 
OFDMA-based transmission scheme to treat the video in a 
prioritized or preferential manner. 
 
The researches related to OFDMA systems have been 
extensively studied in the past years. The fact, that the 
optimal loading algorithms in [3]-[5] help a single-user 
OFDM system quite a lot on the system bandwidth and 
power, has motivated several OFDMA approaches that can 
be found in the literature for multi-user environments [6]-
[8]. The optimization problem is formulated either to 
minimize the overall transmit power at a given QoS or to 
improve QoS of the users at a given overall transmit power. 
These algorithms were developed only for the general data 
transmission purpose. Therefore, they might be inefficient 
for wireless video transmission because video can be 
processed in a prioritized manner. 
 
To tackle the above problem, some joint source-channel 
coding schemes have been developed for scalable or 
layered video transmission. In [9], power and source bit rate 
allocation among all subcarriers have been studied in 
OFDM system. Pre-coded OFDM system with adaptive 
vector channel allocation has also been studied in [10]. 
However, both schemes did not consider the case of mutli-
user. As a consequence, the overall transmission efficiency 
and quality balance of each user were not optimized 
simultaneously. 
 
In this paper, we propose an adaptive subcarrier and power 
allocation algorithm for delivering scalable video stream 
over an OFDMA system. MPEG-4 FGS video coding is 
employed as the source coding scheme. The FGS video 
stream is composed of a base layer bit-stream and one or 
more enhancement layer bit-streams. Thus, the network 
transmission system can easily treat the MPEG-4 FGS 
stream in a prioritized or preferential manner.  
 
The proposed algorithm targets at not only minimizing the 
overall transmission errors, but providing the similar visual 
quality in the mean-square error sense to all users at a 
power constraint. Transmission optimization based on rate 
distortion theory is developed to achieve such a goal. The 
proposed algorithm is implemented with two steps. In the 
first step, transmission rate of each user is determined based 
on the principle that each user has the similar distortion of 
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source coding, and then the corresponding layers are 
assigned to subcarriers. In the second step, an optimization 
algorithm is proposed for the transmitter to allocate power 
to these subcarriers.  
 
The rest of this paper is organized as follows. The proposed 
system model is described in Section 2. The adaptive 
subcarrier and power allocation strategy is discussed in 
Section 3. In Section 4, simulated results are presented. 
Finally, Section 5 concludes this paper.  
 
 

2.  Proposed System Model 
 
As shown in Fig. 1, for delivering scalable video over an 
OFDMA system, the proposed system framework at the 
base station side comprises three modules: scalable video 
data buffer, transmission optimizer and an OFDMA system. 
The system has K users and N subcarriers. We assume that 
the channel varies slowly (e.g., in an indoor low mobility 
environment) and the instantaneous channel gains on all the 
subcarriers of all the users are known to the transmitter. In 
order to reduce the system complexity, all the subcarriers 
use the same modulation rate Bm.  

 

Fig.1. Block diagram of the proposed system model. 

Scalable video data buffer is partitioned into two parts: one 
for base layer (BL) bitstreams, and one for enhancement 
layer (EL) bitstreams. The BL is indicated by the 0-th layer 
(l=0) with the most important information. The EL with 
smaller index indicate the layer corresponding to the bit-
planes with higher (i.e. more important) level. Transmission 
optimizer aims at achieving the similar distortion caused by 
source coding rate for each user under the constraint of 
overall bandwidth. It first calculates the transmission rate 
for each user according to the scalable video source bit rate 
information. Afterwards, it instructs the scaler to truncate 
the enhancement layer bitstream, and then assign the source 
layers to the subcarriers. And finally, to minimize the 
distortion and quality variation among all users, 

transmission optimizer periodically optimizes the power 
allocated to each subcarrier to transmission. Rate-distortion 
(R-D) theory is employed in the above process, which will 
be described in detail in Section 3.  
 
The modulated signals on a number of subcarriers are then 
sent to the inverse Fourier transform which combines the 
complex subsymbols into a set of real-valued time domain 
samples. Cyclic extension of the time domain samples, 
known as the guard interval, is then added to ensure 
orthogonality between the subcarriers. The transmit signal 
is then passed through different frequency selective fading 
channels to different users. 
 
It is clear that the base station has to inform each admitted 
user about their allocated video layers with corresponding 
subcarriers. At the k-th user’s receiver, the inverse 
procedures are performed. The subcarrier assignment and 
bandwidth allocation information is used to extract the 
demodulated bits from the subcarriers assigned to different 
layers of each user.  
 
 

3.  R-D Based Transmission Optimizer 
 
In this section, we first discuss the overall distortion 
introduced by both source coding rate and transmission 
errors over wireless channels. Second, a power-efficient 
scheme is proposed to allocate the subcarriers to different 
layers of each user. Finally, an algorithm is derived to 
minimize the channel distortion and quality variation 
among all users in the mean-square error sense.  
 
3.1 Overall Distortion Model 
 
Suppose the bitstream of a frame in an FGS stream 
truncated by the source rate Rs stops at layer l. The overall 
distortion can be represented by: 

( )T c s sD D D R= + .   (1) 

Ds(Rs) is the source distortion caused by the bitrate 
truncation, which can be approximately calculated by: 
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where Dlis the distortion when the bitstream of the frame is 
cut at the end of layer l, and Rl is the rate of the lth layer.  
 
Dc comprises channel distortion of the layers to be 
delivered. Error resilient mode is adopted in enhancement 
layer. In order to isolate the random or burst errors, 
resynchronization markers proposed in [11] are embedded 
into the EL bitstream, which divide each layer into several 
slice. Once any residual error is detected in a slice, the 
whole slice will be discarded and disable the corresponding 
slice in the higher layer. Then, the channel distortion of 
enhancement layer can be expressed as: 
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where iγ  and Ei are the channel protection ratio and the 

receiving bit energy of the ith layer, respectively. Hi is the 
number of slices contained in the ith layer. Dslice(i,j) is the 
distortion reduction when the jth slice of the ith layer is 
correctly decoded. , , ( , )fail slice dep i iP Eγ  is the fail probability of 

acquiring information of slices of the ith layer, which can 
be further represented as:  

1

, , , ,
0

( , ) ( , ) (1 ( , )
i

fail slice dep i i fail slice i i fail slice l l
l

P E P E P Eγ γ γ
−

=
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where , ( , )fail slice i iP Eγ  is the error probability of slices in the 

ith layer. 
 
Suppose Reed-Solomon (RS) code is used for channel error 
protection. The length of one slice of the ith layer is 
denoted as Lenslice,i, and then the number of RS blocks in 
one slice can be denoted as: 

,
, 2

slice i
slice i r
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N

n
=

×
,    (5) 

where r is the number of bits per symbol, and n is the block 
length of RS code over (2 )rGF . Then , ( , )fail slice i iP Eγ  can be 

further represented as: 
,

, ( , ) 1 (1 ( , ( ))) slice iN
fail slice i i block i i iP E P BER Eγ γ= − − ,  (6) 

where blockP  is the error probability of the RS coded block, 

and BERi is the bit error rate of the ith layer, which can be 
calculated using QAM with Gray coding [12]. 
 
3.2 Subcarrier Allocation 
 
The transmission rate of each user is first calculated under 
the constraint of the total available bandwidth, so that each 
user has the similar source distortion. And then the number 
of subcarriers that each user requires can be achieved 
according to the given bit rate distribution.  
 
Note that an OFDMA system is defined as one, in which 
each user is assigned a subset of the subcarriers and each 
carrier is assigned exclusively to one user. Since the fading 
pattern may be different for each user, the strongest carriers 
for one user are likely to be different from the other users. 
We want to assign the best subcarriers to each user. Thus 
on one hand, dramatic improvement in received power in a 
frequency selective channel can be achieved. On the other 
hand, simultaneously transmitting the layers makes it easy 
to assign the subcarriers with the better channel gain to the 
layers with higher importance for each user.  
 
Denote Gk,n as the channel gain to noise ratio (CGNR) for 
user k on subcarrier n: 
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where Hk,n is the frequency response for user k on 
subcarrier n.  Assume that noise variance σ2 is the same for 

all users. The subcarrier allocation algorithm is outlined as 
follows: 

•  Step 1: Given that the bitrate of scalable video 
stream , 1 ,0{ }k l k K l LR ≤ ≤ ≤ ≤ , compute the number of 

subcarriers that each layer of  the kth user needs as 
follows: 
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where RT is the bitrate of one subcarrier, which is 
determined by the modulation level and the 
configuration of OFDMA system. The algorithm in 
this step aims at achieving the truncating bitrate 
Rk,s of user k to satisfy: 
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where s ( 1l s l− ≤ ≤ ) is a point between layer l-1 
and layer l. s can be calculated with a linear 
function of  layer and bitrate defined by two points 
of (l-1, Rk,l-1) and (l, Rk,l). The number of 
subcarriers allocated to the kth user Ck can thus be 
achieved. 
 

•  Step 2: The problem to find the best subcarriers for 
each user can be formulated as:  

,
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where ak,n is an indicator variable with value 0 or 1 
and has to satisfy: 
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        We propose to solve this problem as follows: 
1) Initialization:         

Allocate Ck subcarriers to the kth user , then a 
list Lk of subcarriers is made for each user k. 

2) Approach the solution: 
swapno ← 0; 
for each subcarrier n = 1: N , do 
       find t, p  which satisfy n = Lt(p) 
       for  k = 1: K, k ≠ t,  do 
             for  i = 1:Ck ,  do 
                  delta(k, i) = G(Lk(p))−G(Lt(p)) 

+G(Lt(i)) −G(Lk(i)) 
                       end 
                end 
                (k*, i*)  ← ),(maxarg

1,1
ikdelta

kCiKk ≤≤≤≤
 

               if delta (k*,i*)>0   
then swap Lt(p) and Lk*(i*), 
swapno=swapno+1 

                end 
      if swapno = 0, → cannot allocate any more,  

Stop! 
3) Continue 2 until reach Stop! 
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•  Step 3: Sort the subcarrier sets allocated to each user 
in decreasing CGNR order. 

 
•  Step 4:  For the kth user, the lth layer of scalable 

video is assigned to Ck,l subcarriers in the order of 
decreasing importance. 

 
 

3.3 Power Allocation 
 
After analyzing the layer-to-subcarrier assignment, we 
continue to calculate the optimal power distribution across 
all subcarriers. Denote lE  k,  is the power sum of the 

subccarriers transmitting layer l of the kth user. For 
simplicity, we consider the subcarriers corresponding to 
layer l of the kth user have the same channel lSNR  k, , i.e. the 

same transmission bit error rate BERk,l. Our goal is to 
minimize the overall channel distortion and quality 
variation among all the users under a power constraint. 
Thus the distortion and quality variation minimized power 
allocation can be formulated as: 

,
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where 
kCD  is the distortion caused by the channel after 

applying power allocation over each available subcarrier of 
the kth user and can be calculated through (3) to (6).CD

v
 is 

the average distortion of all users. The bit error rate of layer 
l of the kth user ,k lBER  is tightly approximated when using 

QAM [12] 
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where lkG ,  is defined as the CGNR averaged over lkC ,  

subcarriers and is given in [8] as follows: 
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By solving the nonlinear optimization problem above, we 
can achieve the optimal power allocation with minimized 
channel distortion and quality variation. According to [8], 
once the power allocated to layer l of the kth user ,k lE  is 

decided, the power allocated to a particular subcarrier is 
computed by: 
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4.  Simulated Results 
 
In order to evaluate the proposed algorithm, some 
simulations have been performed. Two different schemes, 
i.e. the proposed OFDMA system with adaptive subcarrier 
and power allocation and uniform resource allocation, are 
compared. Peak signal to noise ratio (PSNR) is taken as the 
measure of visual quality and mean square error (MSE) is 
taken as the measure of distortion. Therefore, the 

comparisons are in terms of both the average PSNR and the 
MSE variation among all users. In OFDMA system with 
fixed resource allocation, each user is assigned a 
predetermined group of subcarriers and can only use those 
subcarriers exclusively through the whole transmission. 
 
We consider an OFDM system with 256 subcarriers over a 
5MHz band along with a total transmission rate equal to 
512 bits/symbol (or equally, 4-QAM is used to carry two 
bits/subcarrier). The transmission power is assumed to be 
constrained by 100mw. Four well-known video sequences, 
i.e. Coastguard, Foreman, Flower and Mother in CIF format, 
are encoded with MPEG-4 FGS coding scheme at 25 
frames per second (totally 4 seconds of each sequence). 
Each FGS stream is transmitted to one of the four users. 
There are six enhancement layers for each FGS stream. 
Because of the importance of the base layer, Reed-Solomon 
coding is applied to the BL with a protection ratio of 20%.  
 
To evaluate the performance of both schemes, we have 
simulated 100 sets of two-path frequency selective 
Rayleigh fading channels with an exponential power profile. 
Each set of channels consists of 4 independent channels, 
one for each user. Table 1 shows the comparisons of 
average PSNR with/without adaptive resource allocation 
scheme for each user. Fig.2 and Fig.3 illustrate the PSNR 
versus frame number results of two schemes. The curves of 
average PSNR of four users versus frame number for both 
schemes are depicted in Fig.4. Fig.5 shows the resulting 
MSE variation versus frame number. From these illustrated 
results, it can be seen that the video quality for all users is 
improved about 0.8-0.95dB of PSNR, and meanwhile the 
distortion variations among all users tend to be consistent.  
 

5.  Conclusion 
 
In this paper, we have presented a scalable video 
transmission system in a multi-user OFDM environment. 
The problem of minimizing the overall channel distortion 
and quality variation among all users has been stated and 
solved by adaptively allocating subcarriers to users and 
power level to subcarriers. The proposed approach jointly 
considers the properties of MPEG-4 fine granularity 
scalable video stream and the diversity of users with time-
variant channel impulse response. Both power-efficient 
layer-to-subcarrier assignment and power level allocation 
are simultaneously considered so as to minimize the overall 
channel distortion while keeping the similar visual quality 
in the mean-square error sense among all users under the 
constraint of transmission power.  
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Table 1 Comparisons of PSNR with/without adaptive 
resource allocation scheme 

test 
sequence 

Average 
PSNR(in dB)  

without adaptive 
resource 
allocation 

Average 
PSNR(in dB)  
with adaptive 

resource 
allocation 

PSNR 
gain(in 

dB) 

Coastguard 33.92 34.86 0.94 

Flower 33.84 34.72 0.88 

Foreman 33.93 34.78 0.85 

Mother 33.98 34.78 0.80 
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Fig.2. PSNR results of OFDMA system without adaptive 
resource allocation 

Fig.3. PSNR results of OFDMA system with adaptive resource 
allocation 

Fig.4. Comparisons of average PSNR with/without adaptive 
resource allocation scheme 

Fig.5. Comparisons of MSE variation with/without adaptive 
resource allocation scheme 
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