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Figure 1. The structure of the proposed MIMO-OFDM System 

2 SYSTEM MODEL 
We consider a MIMO system in which users send their video 

stream to an base stations via massive antennas ( It is shown in 
Figure 1).  

2.1  MIMO System Model 
We consider multimedia communication system in MIMO-

OFDM with the set of users i={1, 2, 3 ... I}. The system frequency 
band denotes W (Hz).  It is equally divided into M orthogonal 
subcarriers m={1, 2, 3 ... M}. Thus, the bandwidth of each 
subcarrier is W = W/M (Hz).  

We denote ,m t
iP  that is the power of theuser i transmits the 

video packet. Thus the maximum power denotes max
iP . The SINR 

(signal to interference plus noise ratio) for user i can be expressed 
as 
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where i represents the spreading gain and ,m t
ijh  denotes the 

channel frequency response from the transmitter of the link i to 
the receiver of the link j on the sub-channel m , in the time 
slot t. 2

i  represents the noise power of user i. The link capacity 

of different user is expressed as 
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Where B is the channel bandwidth. According to the result in 
[12], the link capacity (2) can be approximated as 
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Where T  is the time of GOP. m
iH  represents the channel gain 

of user i. The transmission rate of video transmission in MIMO-
OFDM can expect is: 
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To improve the QoE of each user, a fixed rate u of video 
transmission is added. The physical layer channel can support the 
information that data rate is: 
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In Section III, we will evaluate the effect of channel errors. The 
QoE of each user under varying channel condition will be 
simulated in Section IV

2.2  QoE Evaluation of Multiuser 
Quality of experience (QoE) as a user related metric is a key 

success factor for current and future wireless communication 
systems. We use utility functions to describe QoE, providing 
different applications for different users. User QoE can represent 
Q () as a quality function. In this paper, we use the logarithmic 
mass function, similar to [13], which is the rate of a concave 
function. For a typical user and base station m, we assume that the 
speed assigned to me is the user's QoE, can represent as: 
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Where req
iR  is the requested data rate of the i-th link.  
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2.3  Video RD Function 
Since the video is compressed in units of GOPs, the RD 

function is measured by GOP-to-GOP. We assume ( )k
iD  is the 

rate distortion function of user i in time slot k. From above 
[14][15], the MSE distortion can be expressed as 
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Where i , iw and i  are fixed according to the QoE of users. 

The differences in RD trade-offs among different users constitute 
the diversity of APP layers, which will be cross layer designed for 
PHY layer channel condition. 

If we take (3) into (7), then t(7) can be expressed as follow, 
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The allocation ruler will be updated as both CSI and RD are 
updated. Meanwhile, our resource allocation aims to minimize the 
sum of distortions among i users at each time slot k. The 
optimization objective is 

min ( )k
iD                                   (9) 
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3 QOE-AWARE CROSS LAYER 
OPTIMIZATION FORMULATION 

We proposed the QoE-aware resource allocation by cross-layer 
optimization. The purpose of the design is to maximize the 
various links of QoE. The two factors that affect the user 
experience of multimedia streaming application is the quality and 
fluency of the video. Therefore, with the goal to maximize the 
video quality, but also smooth video, by keeping at an appropriate 
level of data rate, and reduce the maximum symbol rate changes, 
the optimization framework based gain maximization can be 
formulated as, 
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where  is a control parameter. ( ))
Rs is the symbol rate of the MIMO-OFDM 

system and ni, 1  i  N denotes the number of users, where N is 
the total number of groups. Qi = Qi(qi, lf ) and Ri(qi, lf ) denotes 
the QoE and Rate of the ith video streaming with the 

parameter qi and constant frame rate lf . We assume that the 
system has a total power constraint of Pb over all users. The 
adaptive MQAM modulation order mi corresponding to the 
number of bits per symbol and ri as code rate of the ith video 
stream. 

We can see that the above problems in (10) which are convex. 
And the optimization framework can be converted into a standard 
form of convex optimization problems by varying the 
optimization objectives for [14], 
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The above resource allocation problem (11) can be iteratively 
obtained by taking the Karush-Kuhn-Tucker (KKT). The 

Lagrangian function ( , , , )L q  for the maximization problem is 
expressed as, 
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where , ,i i
, 1  i N are Lagrange multipliers, 
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, and Ri
max is the maximum 

bitrate corresponding to the ith video stream. The quantity ki is 
defined as, 
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We employ the KKT conditions for the above Lagrangian 

optimization question and count with 0, 0, 0,i i  we 

obtain, 
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From (10), the KKT contradict condition according to the 
power constraint is described as, 
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Thus, the Lagrangian parameter λ* according to the optimal 
quantization parameter of QoE for each video user when μi = 0 
and δi = 0 . The Lagrangian parameter λ* can be derived as, 
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From (16), we can derive the function for the optimal 
quantization parameter qi

* as, 
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The above expression is the optimal quantization parameter qi
* 

for the video streaming. Therefore, we propose a closed form 
expression obtained by a fast and low computational complexity 
scheme, compared with a convex solver that is suitable for unicast 
and multicast schemes. Moreover, the proposed QoE-aware 
optimization resource allocation, which constrains the sub-carrier 
allocation to maximization, is not limited to the linear bidding 
model and can be easily used for a large class of utility functions.  

Furthmore, the proposed optimal framework for speed 
constrained time-frequency allocation is not limited to the linear 
optimization model for QoE maximization, and can be easily 
adopted as a large function Q( ) of utility. QoE-aware resource 
allocation maximization can be formulated as,  
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We can take (6) into (18) and obtain the QoE-aware 
optimization resource allocation algorithm, which constrains the 
sub-carrier allocation to maximization, is not limited to the linear 
bidding model and can be easily used for a large class of utility 
functions.  
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The following simulation results demonstrate the performance 
of the proposed algorithm for rate adaptation of video 
transmission. 

4  SIMULATION RESULTS 
In this section, we present simulation results for the 

performance of an MU-MIMO OFDM system with a total of 32 
subcarriers, each of which has a bandwidth of 100 kHz. We 
evaluate performance by the PSNR, defined as: 

10
255 25510logPSNR

MSE
. The total power constraint for each video 

streaming is set to be Pt = 300 mW, and the noise power density is 
−150dB/Hz. The path-loss exponent in fading channel is assumed 
to be γ = 2.5. Where Bc is the bandwidth of the MIMO-OFDM 
system. For simplicity, we assume that the coherence bandwidth 
is always an integer multiple of the subcarrier bandwidth. 

/c cB W M ,   Z+ in the simulation.

In Figure 2, we measure the backlog of queues in cells. We can 
observe that the proposed cross layer approach is able to maintain 
network stability versus IWF with max-rate subcarrier allocation 
(the subcarrier allocation based on iterative water-filling). In 
addition, it is possible to increase the average data rate of the 
users in the two cells compared to IWF with max-rate subcarrier 
allocation. The proposed cross layer approach is capable of 
achieving maximum of rate by reducing inter cell interference. 
Figure 2 shows the instantaneous and average data rates of the 
two methods. 

We vary the number of users from 4 to 12 under. The system 
has 32 subcarriers. We simulate the MSE performance under 
different users. From Figure 3, we observe the MSE values by 
iteration for different number of users. The number of iterations is 
equal to the performance of an initialization step. The greatest 
performance improvement occurs in the first few steps of the 
iteration, and the MSE curve seems concave. After sixth steps, we 
can see the small improvement of system performance. As we can 
see, the overall complexity of our proposed cross layer scheme is 
much lower than exhaustive search. 

Figure 4 shows the bit error rate under different power and 
constellation sizes. Through our QoE aware cross layer resource 
allocation scheme, we can obtain a certain amount of multimedia 
quality by considering the appropriate transmit power and 
modulation size. In Figures 4, we can see that higher transmission 
power results in lower bit error rates and larger modulation 
constellation sizes leading to higher bit error rates, but higher data 
rates are achieved. Therefore, reducing the bit error rate in the 
physical layer is the only way to increase QoE of  multimedia 
users. 

5  CONCLUSIONS 
In this paper, in order to simultaneously meet the QoE 

requirements and improve the quality of video transmission, we 
propose an optimal subcarrier allocation that joinly video coding 
rates and power resources. Together we analyze the impact of 
multi-media transmission performance from video coding rates on 
the application layer, as well as power control at the physical layer. 
The two transmission error in PHY layer and video source coding 
characteristics (APP) layer are considered together in the 
proposed scheme. The base station enables subcarrier allocation 
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decisions based on CSI and RD information to minimize the 
average video distortion of all users. The objective is to minimize 
the sum distortion of the delay and the power constraint for all 
users. Simulation results show that the proposed power allocation 
algorithm maximizes video quality while minimizing the sum 
distortion of all user delays and power constraints over time 
varying wireless channels. 
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Figure 2. Aggregate queue backlog based on iterative 

Figure 3: Average MSE with different number of users. 

Figure 4: Bit error rate under different power and 
constellation size.  
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