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Abstract—New generation mobile communication networks have 

the ability of supporting triple play. In order that, Orthogonal 
Frequency Division Multiplexing (OFDM) access techniques have 
been chosen to enlarge the system ability for high data rates 
networks. Many of cross-layer modeling and optimization schemes 
for Quality of Service (QoS) and capacity of downlink multiuser 
OFDM system were proposed. In this paper, the Maximum Weighted 
Capacity (MWC) based resource allocation at the Physical (PHY) 
layer is used. This resource allocation scheme provides a much better 
QoS than the previous resource allocation schemes, while 
maintaining the highest or nearly highest capacity and costing similar 
complexity. In addition, the Delay Satisfaction (DS) scheduling at the 
Medium Access Control (MAC) layer, which allows more than one 
connection to be served in each slot is used. This scheduling 
technique is more efficient than conventional scheduling to 
investigate both of the number of users as well as the number of 
subcarriers against system capacity. The system will be optimized for 
different operational environments: the outdoor deployment scenarios 
as well as the indoor deployment scenarios are investigated and also 
for different channel models. In addition, effective capacity approach 
[1] is used not only for providing QoS for different mobile users, but 
also to increase the total wireless network's throughput. 
 

Keywords—Cross-layer, effective capacity, LTE, OFDM, QoS, 
resource allocation, wireless networks. 

I. INTRODUCTION 

FDM is an effective technique to combat frequency-
selective channels and to support high data rate services, 

which have been adopted in Wireless Local Area Networks 
(WLANs) (IEEE 802.11a & 11g), WiMAX (IEEE 802.16) and 
3GPP Long Term Evolution (LTE) downlink systems [2]. The 
goal of these networks is to provide real time services for 
delay sensitive applications, e.g., voice-over-IP, interactive 
video, mobile TV, and interactive gaming. These applications 
require that the wireless network provide QoS guarantees, e.g., 
guarantees on data rate, delay bound, and delay bound 
violation probability.   

Different research work has been carried out on dynamic 
subcarrier and power allocation to different OFDM users, 
which allows a flexible multiuser access and enhancement of 
the multiuser diversity.  

The layering principle has been long identified as a way to 
increase the interoperability and to improve the design of 
telecommunication protocols. Then, each layer offers services 
to adjacent upper layers and requires functionalities from 
adjacent lower ones.  Layering enables fast development of 
interoperable systems. But it deteriorates the performance of 
the overall architecture, due to the lack of coordination among 
layers.  
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With the rapid increase of demands for high speed multi-

media services of wireless networks, these are confronted with 
fading channels, limited bandwidth and competition of limited 
radio resources among multiple users, a modification of the 
layering paradigm has been proposed. So, cross-layer design 
or "cross-layering" is defined to overcome these limitations 
[3] [4].                                                                                                                     

In wireless networking, the QoS plays a crucial part in 
performance assessment. Therefore, to meet the required QoS, 
cross-layer optimization is considered. 

Cross-layer optimization, which contains dynamic 
behaviors based on integrated adaptive design across different 
layers, has been proposed to optimize the system performance. 
So, cross layer optimization is acting as a coordination 
strategy with virtually strict boundaries to enable the 
compensation for e.g. overload, latency, or other mismatch of 
requirements, and resources by any control input to another 
layer, but that layer directly affected by the detected 
deficiency [5].  

A cross-layer-modeling based on the concept termed 
"effective capacity" is used to analyze the statistical delay-
bound violation and buffer-overflow probabilities, which are 
critically important for multimedia wireless networks [6]. 
Also, it can be considered as the maximum throughput under 
the constraint of QoS exponent θ [7].  

In addition, it can be defined as the maximum arrival rate 
that a given service process can support in order to guarantee 
QoS requirements, that are specified by a parameter, θ [8].  
The effective capacity function, denoted (θ) characterizes the 
attainable wireless-channel service-rate as a function of the 
QoS exponent θ. Thus, it can be used as a bridge in cross-layer 
design modeling between physical layer system infrastructure 
and data-link-layer's statistical QoS performance. Also, it 
captures a generalized link-level capacity notion of the fading 
channel [1] [6]. 

In this paper, a cross-layer optimization technique is 
proposed with guaranteed QoS for the downlink multiuser 4G 
based Orthogonal Frequency Division Multiplexing (OFDM), 
which includes a Maximum weighted Capacity (MWC) 
resource allocation and Delay Satisfaction (DS) based 
scheduling. The current work is different from that had been 
presented in [2] via the investigation of different deployment 
parameters and channel characteristics. Both of number of 
users, as well as, number of subcarriers will be investigated 
against the system capacity. 

This will be done in conjunction with the cross layer 
interaction between PHY layer and MAC sub-layer. In 
addition, the system will be optimized for different operational 
environments namely: outdoor and indoor deployment 
scenarios. Also, the effective capacity link model is used to 
characterize wireless channels in terms of functions that can 
be easily mapped to data link level QoS metrics, such as delay 
bound violation probability [1]. 

Modeling and Analysis for Effective Capacity 
of a Cross-Layer Optimized Wireless Networks 
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Fig. 1 Multiuser OFDM System Model 

 

In Section II, the system model is presented. Sub-carrier 
and power allocation are presented in Section III. Delay 
satisfaction based data scheduling is presented in section IV. 
Section V. shows the used channel models. Numerical results 
and analysis are shown Section VI. Section VII concludes this 
paper.   

II. SYSTEM MODEL 

The current work considers a downlink OFDM system with 
U users as shown in Fig.1, to meet the QoS requirements. 
Without loss of generality, and for simplicity, it's assumed that 
each subcarrier is occupied by only one user [8]. With cross-
layer optimization, the QoS information is transferred from the 
traffic controller to the subcarrier, and power controller for 
resource allocation. Then, the resource allocation results are 
fed back to the traffic controller in the base station for 
scheduling of the data to be sent out in each slot [3]. 

In consistence with [2], this paper assumes a total 
bandwidth of B shared by N subcarriers, and the OFDM 
signaling is time slotted. Each slot has duration of Tslot. Let, Ωu 
denotes the index set of subcarriers allocated to user u 
(u=1,…,U). Let pu,n be the power allocated to user u on 
subcarrier n; (n Є Ωu). hu,n  is the corresponding channel gain 
which is represented for outdoor and indoor deployment 
scenarios. Through the current work, the outdoor environment 
is represented by Rayleigh faded channels. On the other hand, 
the indoor environment is represented by Rician faded 
channels. 

No is the power spectral density of Additive White Gaussian 
Noise (AWGN). By assuming perfect channel estimation, the 
achievable data rate of user u on subcarrier n is expressed as 
[2]: ��,� � �� �	
��1 � ��,� ��,��  (1) 

where, ��,� � |��,�|���� �⁄  (2) 

is the channel-to-noise power ratio for user u on subcarrier n. 

For outdoor scenario, the signal is Rayleigh distributed. So, 
the received signal power is exponentially distributed. While, 
for indoor scenario, the signal is Rician distributed. So, the 
received signal power is gamma distributed [9]. 

Both Rayleigh and Rician distributions are special cases 
from Nakagami distribution: 

|hu,n |2� �2��� � ������ �� 1!��� "�� �#���� � 
   

(3) 
where, 

$ � % 1  ;                     Rayeligh fading distribution
$ �  �9 � 1��29 � 1  ;   Rician fading distribution< (4) 

where, m is the degree of Nakagami-m distribution, Pr is the 
average received power and K is the Rician fading parameter. 
Therefore, the total data rate of user u is given by: 

�� � = ��,��>?@
 (5) 

III.  SUBCARRIER AND POWER ALLOCATION 

A resource allocation scheme had been proposed in [2], to 
maximize the weighted sum of all users’ capacity J, i.e., to 
maximize  

A � = B��� C
�DE  (6) 

Subject to:     ��,� F 0      ,      ∑ ∑ ��,��>Ω@C�DE  I   JK�KLM  ΩO P ΩQ � R �S T U� and,   
                         ΩE V Ω� V … ΩC X Y1,2, … , �Z,              

where, Wu denotes the weight for user u, which is evaluated 
based on the cross-layer optimization criteria. So it indicates 
the QoS information for user u, and is obtained from the result 
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of data scheduling at the MAC layer as will be investigated in 
Section IV-B and Ptotal denotes the total power. 

The optimization process is divided into two stages namely, 
subcarrier allocation and power allocation.  

A. Optimal MWC based subcarrier allocation  

For simplicity, by assuming uniform power allocation 
across all subcarriers, i.e., each subcarrier is allocated a power 
p=Ptotal/N. Optimal subcarrier allocation leads to the 
maximum cost function, which is denoted by Jmax. If an 
arbitrary subcarrier n allocated to user u (u=1,…,U) with 
optimal subcarrier allocation is now reassigned to user s, let J’ 
denote the resulting cost function. The difference between the 
two cost functions is given by: A�L� [ A\ �  B���,� [ B]�],� F 	 (7) 

Substituting (1) into (8), we have  B�B] F �	
��1 � ��],���	
��1 � ���,�� (8) 

Which implies that, with optimal subcarrier allocation, 
subcarrier n should be allocated to user u rather than user s if 
(8) is satisfied. However, it is prohibitively complex to 
perform optimal subcarrier allocation with a large number of 
subcarriers. Therefore, a suboptimal scheme is desired.  

Also, the effective capacity α(θ) which is a function of QoS 
exponent θ, is used to find out the effective capacity for 
different number of subcarriers (N). This may be found out by 
[10]. 

The effective capacity is based on the desired rate for each 
subcarrier in a certain bandwidth. Furthermore, the effective 
capacity is function of the channel characteristics and its 
propagation model. α(θ) is derived as follows, [10]: ^�_� � [`�[_�_          , a _ b 0, (9) 

where,  

`�[_� � �S$Kc∞ 1d �	
 ef "#gh�K�i, (10) 

j�d� � k l�m�nm                          K
�  (11) 

(-_) is the asymptotic log-moment generating function of a 
stochastic process, S(t) is the actual service provided by the 
channel in bits during the interval [0,t] and r(t) is the 
instantaneous channel capacity at time t. 

To understand the meaning of θ, consider a queuing system 
with stationary arrival and service processes. Then the queue 
length process, q(t), can be shown to converge in distribution 
to random variable, q(∞) such that [11]:  _ � [ �S$�co �	
�JlYp�∞� b �Z��  (12) 

The QoS parameter, θ, is a crucial parameter describing the 
exponential decaying rate of the probability of QoS violation 
event. Specifically, large and small values of θ correspond to 
fast and slow decaying rates, i.e., stringent and loose QoS 
requirements, respectively.   

Because of its ability to indicate the level of statistical QoS 
guarantee, θ is referred to as the QoS exponent [11]. 

Nakagami fading can model Rayleigh and Rician fading 
[9]. So, in this paper the calculation of the effective capacity is 
in consistence with the assumed Nakagami-m fading channel 
which had been given in [10].  

By considering a Gaussian random vector yb has zero mean 
and correlation coefficient matrix ∑, which has dimension 
N×N. By knowing the correlation coefficient ρi,j, the ∑ matrix 
is defined by the following relation [10]: ∑O,Q � r1;                    S � U                           sO,Q;                       S T U,   0 I sO,Q I 1< (13) 

Then, the expectation for the moment generating function 
can be evaluated via [10] as follows:                          et"#gh�K�u        � e v"#g w x�y�zy{|  }                                   
� = = … = ~2�         ��SE, S�

�
O� �D�

�
O�D�

�
O�D� , … . , S�#E�.      

       � ��_� � �Q,Q2 �#���O� ��O�� Г�$ � SQ#E � SQ���
QDE  

 

 
(14) 

where, ~ � fn"d�∑#E�i2�#E �$� �
 (15) 

��SE, … … . , S�#E� � � ��,��E�O��O�
�#E
�DE  (16) 

�O � 2�#E��O  �$ � S�S! (17) 
 δ: is the sampling rate. 
ωi,j: are elements of matrix ∑-1 , i, e.,   ∑-1= [ωi,j] 

Equation (14) can be approximated according to 
mathematical manipulation in [10]:  ^�_�
�  [1_�� �	


�
���
��= = … = ~2� ��SE, S�

�
O�{ �D�

�
O�D�

�
O�D� , … . , S�{#E�.

� ��_� � �O,Q2 �#���O� ��O�� .��$ � SQ#E � SQ� ��
QDE �

���
��

 

(1
8) 

^�_� � [1_�� �	

�
��

~2� ��SE � 0, … , S�{#E � 0�.
  � r�_� � �O,Q2 �#� ��$���

QDE �
�� (19) 

 

To get the relation between the total arrival rate and the 
effective capacity: 
For a given source rate µ, γ(μ) = Pr {Q(t)F0} is the probability 
that the buffer is non-empty at a randomly chosen time t, 
while the QoS exponent θ(µ) is defined as in  [1]. 
 

(20) _��� � �^#E��� 
  

Let, Q is the system total arrival rate. 
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So, when using a link that modeled by the pair {γ(µ), θ(µ)}, a 
source that requires a communication delay bound of Dmax, 
and can tolerate a delay-bound violation probability of at most  �, needs to limit its data rate to maximum of µ, where µ is the 
solution for �= γ(µ)e-θ(µ)Dmax. 
If �= 10-n: 

(21) ^��� � ��L�  ¡ ¢ ¡ �¢ 10 £ 

• Suboptimal MWC based subcarrier allocation 
Intuitively, to maximize the cost function in (6), a 
larger weight demands a higher data rate. Let Ru/Wu 
denote the Rate-to-Weight Ratio (RWR) and assuming 
uniform power allocation across all subcarriers. Then, 
the following suboptimal subcarrier allocation scheme 
is employed, where the user with the lowest RWR is 
allowed to pick subcarriers in each iteration:  
1) Initialization:  

a) Set Ru =0,  Ωu = Ø  for all u (u=1,…,U), sort Wu 
in the descending order, and let L={1,2,…,N} 
denote the set of unallocated subcarriers.  
For u=1 to U: 
b) If �u,m ≥ �u,n (m,n Є L; m≠n), assign subcarrier m 
to user  u, i.e., add subcarrier m to Ωu.  Remove 
subcarrier m from L. Update Ru according to (5). 

2) Find the minimum Ru/Wu (k=1,…, U) , and repeat 1-
b) for the corresponding user u.  

3) Repeat 2) until L= Ø. 

B. Optimal MWC based power allocation  

Following subcarrier allocation, the optimal power 
allocation for each user can be obtained by using the Lagrange 
multiplier, i.e., (6) can be rewritten as:  

A � = B��� �  ¤ ¥= = ��,��¦?@
C

�DE [ J§�KLM¨    C
�DE  (22) 

 Subject to ∑ ∑ ��,��¦?@C�DE � J§�KLM   and  pu,n ≥ 0. Letting 
∂J/∂pu,n =0, the optimal solution for pu,n is given by: 

��,� � $©� � B�,�∑ �BO  ªS«" 	¬ �O��C�DE ®J§�KLM
�  = = 1�O,¯¯¦?�

C
ODE ° [ 1��,�  , 0� 

(23) 

Consider users j and u (j,u Є {1, ………,U}, and subcarrier 
m Є Ωj and n Є Ωu  are two arbitrary subcarriers allocated to 
users j and u, respectively. By ∂J/∂pu,n =∂J/∂pj,m =0, we can 
drive: BOBQ �  ��,� �1 � �Q,��Q,���Q,� �1 � ��,���,�� (24) 

1) If Wj/Wu=1, from (24) it can be derived that: 

�Q,� [ ��,� �  �Q,� [ ��,� �Q,���,�  (25) 

Equation (25) implies that with equal weight, the 
subcarrier with a better channel gain is allocated more 
power, which is the same result as water-filling [12].   

2) If      Wj/Wu > 1, we have:   

�Q,� [ ��,� b  �Q,� [ ��,�  �Q,���,�  (26) 

Equation (26) implies that the subcarrier corresponding 
to the user with a higher weight is allocated more power 
than the case using water-filling. 

IV.  DELAY SATISFACTION BASED DATA SCHEDULING 

A. DS Based Data Scheduling  

After receiving the resource allocation results from the PHY 
layer, which indicates the amount of data allowed for each 
user, the MAC layer performs scheduling for each batch of 
data to be sent out. A scheduling scheme is proposed, which 
assigns a higher weight to the batch of data packets with a less 
DS, i.e., the data with the least DS should be sent out first.    

This paper defines a DS indicator Cu,i,l for the batch of 
packets for connection i of user u, which arrive in slot (l Є [Lc-
Lr, Lc]) , where Lc denotes the current slot, and Lr is the delay 
bound for the ith connection, which is the class-r QoS traffic, 
in terms of slot. Also let Gr  be the guard slot of the class-r 
QoS traffic, and Su,i,l be the waiting time for connection i of 
user u, which is the duration between slot l and the current 
slot. The DS indicator Cu,i,l is expressed as:  

              ��,O,M �  ±x [  ²x [ j�,O,M (27) 

Which implies that the longer the data’s waiting time is, the 
less the DS is.   

Let  Zu,i,l denotes the weight of the batch corresponding to 
connection i of user u arriving in slot l, which is given by: 

³�,O,M�  � t x́ ���,O,M � 1�⁄ u �	
���,O,M � 1� ;          ���,O,M b 0�     x́ �	
��O,�,M � 1�  ;              �[²x I ��,O,M I 0�        (28) 

where, βr  is the class-r QoS coefficient, and Du,i,l is the 
amount of data of connection i arriving in slot l. 
To get the effect of the QoS exponent θ on the QoS coefficient 
βr. Thus,  βr can be calculated as a normalized QoS coefficient 
[7]: 

x́ µ _¶·��	
2  (29) 

where, Tf  is the frame duration for LTE based networks. 

1) If Cu,i,l > 0 , i.e., Su,i,l < Lr-Gr,  from (29) it can be 
deduced that the weight Zu,i,l  increases with the decrease 
of the DS indicator (i.e., with the increase of the data’s 
waiting time). In particular, if Cu,i,l > 0 we have, 
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¸³�,O,M¸��,O,M �  ¹[ x́/���,O,M � 1��» �	
���,O,M � 1�   (30) 

Which implies that the smaller the DS indicator becomes, 
the faster the weight Zu,i,l increases.  
2)  If –Gr ≤Cu,i,l ≤ 0, i.e., Lr-Gr ≤ Su,i,l ≤ Lr, Zu,i,l in (29) 

reaches the maximum value, which implies that the 
packet batch of class-m arriving in slot l should be sent 
out with no further delay, since it will be time out very 
soon.  

The proposed DS based scheme performs scheduling by 
descending order of the weights obtained in (29), which 
implies that the batches of all connections which will become 
time out very soon are given a higher priority to be sent out. In 
conventional scheduling [2], where only one connection is 
served in each slot until either all the PHY layer resources are 
consumed or the buffer is empty. However, this is not efficient 
if the data of other connections are more urgent than the 
currently served data. Therefore, the DS based scheduling is 
more efficient, which allows the most urgent data to be sent 
out first. 

 
B.  Weight Calculation for MWC based Resource Allocation 
To guarantee the QoS, it is desirable that the resource 

allocation at the PHY layer acquires the channel information 
for each user and employs the QoS information obtained at the 
MAC layer, including the queue length, the QoS class of 
queues, and the waiting time of queues. As the weight given 
by (28) contains the above QoS information, the weights in (6) 
for the MWC based resource allocation are determined by 
adding the weights of all valid batches of connections for each 
user:  

B� � = = ³�,O,M
¼½,¾

MD¼½,¿O  (31) 

where, Li,s and Li,e denote the arrival and time out slots for 
connection i, respectively. 
By substituting (28) into (31), the QoS weights used in PHY 
layer (Zu.i.l) are used to calculate QoS weights used in MAC 
layer (Wu), which gives the real meaning of cross-layer design. 

V.  CHANNEL MODELING 

In Rician fading analysis, we study the total arrival rate 
against system capacity using Stanford University Interim 
(SUI) channel models as in table (I)[13]: 

 
TABLE I 

TERRAIN TYPE AND DOPPLER SPREAD FOR SUI CHANNEL MODELS  

Channel Terrain 
Type 

Doppler 
Spread Spread LOS 

SUI-1 C Low Low High 
SUI-2 C Low Low High 
SUI-3 B Low Low Low 
SUI-4 B High Moderate Low 
SUI-5 A Low High Low 
SUI-6 A High High Low 

 

The Rician distribution is often described in terms of fading 
parameter K, for K=0 we have Rayleigh fading, and for K=∞ 

we have no fading, i.e. a channel with no multipath and only a 
LOS component [9].  

VI.  NUMERICAL RESULTS AND ANALYSIS 

In order to investigate the proposed cross-layer optimization 
scheme, numerical results will be deduced in terms of the 
system bandwidth efficiency. 

This paper employs the proposed MWC based resource 
allocation at the PHY layer and the DS based scheduling at the 
MAC layer for consistency. It considers a LTE system with 
U=100 users, a total transmit power of Ptotal=1W, maximum 
latency of Dmax=10ms, a total bandwidth of B=10MHz, 
subcarrier width of 15KHz, physical source block code of 
180KHz bandwidth and 50 available Physical Resource Block 
(PRB) and the system slot is set to be 0.5 ms [14]. The channel 
has six independent Rayleigh fading paths with an 
exponentially delay profile. The power spectral density of 
AWGN is N0=-80dBW/Hz.  

In our analysis, each user has two types of streams of the 
conversational class (real time) with a QoS-class coefficient or 
normalized QoS exponent βrmax and the interactive class (non 
real time) with βrmin, respectively, and they are determined by  
(29) for both of θmax and θmin respectively [10]. The maximum 
transfer delays for the conversational and interactive classes 
are 10ms and 100ms, respectively [15]. It is assumed that the 
arrival process of the conversational class stream is Poisson 
distributed, and the interactive class streams are always 
available, which is a reasonable assumption for applications 
such as File Transfer Protocol (FTP).  The maximum total data 
arrival rate is 25Mbps, the packet arrival rates of voice and 
best effort traffic are constantly 64kbps and 500kbps 
respectively [16]. 

In our analysis we assume omni antenna with 90% coverage 
is used, with K values as in table (II). 

So, the parameter m, which is the degree of Nakagami-m 
distribution, will be determined based on (4). As a validation 
of the proposed cross layer model, Fig. 2 illustrates a 
comparative study for different systems. Namely, previously 
published work in [2] and the current model with LTE 
parameters as listed in [13]. 

 
TABLE II 

FADING FACTOR-K FOR EACH CHANNEL MODEL [13] 
Channel model K –factor 

SUI-1 3.3 
SUI-2 1.6 
SUI-3 0.5 
SUI-4 0.2 
SUI-5 0.3 
SUI-6 0.1 

 

As shown in Fig. 2, the concurrent system is giving higher 
capacity than that had been represented in [2]. 
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Fig. 2 Total data arrival rate against system capacity for the proposed 
LTE system and results of [2]. Also, the effective capacity for LTE 

system is presented 
 

It's noticed that the obtained system capacity for the regular 
system of [2] is limited by 4 bits/sec/Hz. Whereas, the 
concurrent system with LTE parameters will give higher 
capacity more than of [2] system's capacity. So, LTE will 
improve the overall system capacity by considering more user 
data rates. 

In addition, the effective capacity is giving the upper bound 
of the obtained system capacity inspite of the LTE operational 
limitations. 

Fig. 3 shows the obtained system capacity for different SUI-
models. It shows that, as the arrival data rate is becoming 
lower than 5Mbps, the system may accommodate more 
incoming traffic, whereas, the high arrival rates (more than 
5Mbps) will drive the system to be fully occupied as a result 
of using all of the available PRB. It's shown that the SUI-
channels are affecting the overall system capacity (as result of 
cross layer) to enhance the obtained system capacity 
(approximately) inspite of the channel model. So, cross layer 
is working as an adaptive controller to get the same 
performance (approximately). 

Fig. 4 shows the obtained system capacity as a function of 
the used number of subcarriers for different number of users. 

It's shown that, by increasing both of the number of 
subcarriers (available PRB) and the number of users, the 
obtained system capacity is improved. It's explained as the 
more the user usage of subcarriers, the more system resource 
utilization.  

The main difference between Fig. 4 and Fig. 5 is the Rician 
fading will give the system more propagation problems than 
that may be happen in case of Rayleigh fading channel in Fig. 
4. So, the obtained system capacity is shrinked in case of 
Rician fading channel much more than that of the Rayleigh 
fading one. This effect has been reduced as a result of 
deploying the cross layer technique. 

 
Fig. 3 Total data arrival rate against system capacity for  

LTE system using different channel models. 
 

 
Fig. 4 Total number of subcarriers against system capacity for 
different number of users in case of Rayleigh fading channel 

 

 
Fig. 5 Total number of subcarriers against system capacity for 

different  number of users in case of Rician fading channel 

VII.  CONCLUSION 

Cross-layer modeling and optimization schemes for Quality 
of Service QoS and capacity of downlink multiuser OFDM 
system were presented. In this paper, MWC based resource 
allocation at the physical layer is used. In addition, the DS 
scheduling at the MAC layer, which allows more than one 
connection to be served in each slot was used.The system is 
optimized for different operational environments: the outdoor 
deployment scenarios as well as the indoor deployment 
scenarios were investigated and also for different channel 
models. 
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In this paper, we have modeled a wireless channel from the 
perspective of the communication link layer. This is in 
contrast to existing channel models, which characterize the 
wireless channel at the physical layer. Specifically, we 
modeled the wireless link in terms of the QoS exponent. 
Furthermore, we developed a simple and efficient algorithm to 
estimate the system performance for different operational 
scenarios. 

It was shown that the SUI-channels are affecting the overall 
system capacity (as a result of cross-layering to enhance the 
obtained system capacity approximately inspite of the channel 
model. Also, Rician fading gave the system more propagation 
problems than that might be happened in case of Rayleigh 
fading channel. So, the obtained system capacity was shrinked 
in case of Rician fading channel much more than that of the 
Rayleigh fading one. This effect has been reduced as a result 
of deploying the cross layer technique. 

REFERENCES   
[1] D. Wu and R. Negi, "Effective capacity: a wireless link model for 

support of quality of service", IEEE Transactions on Wireless 
Communications, vol. 2, no.4, pp. 630-643, July 2003. 

[2] Nan Zhou, Xu Zhu and Yi Huang, "Cross-Layer Optimization with 
Guaranteed QoS for Wireless Multiuser OFDM Systems," Personal, 
Indoor and Mobile Radio Communications, IEEE 18th International 
Symposium PIMRC'07, Athens, pp. 1-5, Sept. 2007. 

[3] Nan Zhou, Xu Zhu, Yi Huang and Hai Lin, "Novel Batch Dependant 
Cross-Layer scheduling for multiuser OFDM systems," IEEE 
International conference ICC'2008, Beijing, pp.3878~3882, May 2008.   

[4] Dzmitry Kliazovich, Michael Devetsikiotis and Fabrizio Granelli, 
"Formal methods in cross layer modeling and optimization of wireless 
networks: state of the art and future directions," Handbook of Research 
on Heterogeneous Next Generation Networking: Innovations and 
Platforms, IGI global, pp1~24, 2009. 

[5] Jia Tang, Xi Zhang, "Cross-Layer-Model Based Adaptive Resource 
Allocation for Statistical QoS Guarantees in Mobile Wireless 
Networks," IEEE Transactions on Wireless Communications, vol. 7, no. 
6, pp. 2318-2328, June 2008. 

[6] J. Tang and X. Zhang, "Cross-Layer Resource Allocation Over Wireless 
Relay Networks for Quality of Service Provisioning," IEEE J. Sel. Areas 
Communications, vol. 25, no. 4, pp. 645-657, May 2007. 

[7] A. Balasubramanian and Scott L. Miller, "The Effective Capacity of a 
time Division Downlink Scheduling System," IEEE Transactions on 
Communications, vol. 58, no. 1, January 2010. 

[8] Z. Shen, J. G. Andrews, and B. L. Evans, "Adaptive Resource 
Allocation in Multiuser OFDM Systems with Proportional Rate 
Constraints," IEEE Transactions on  Wireless Communications, vol.4, 
pp 2726-2737, 2005. 

[9] Andrea Goldsmith, Wireless Communications, Cambridge University, 
2005. 

[10] Qing Wang, Dapeng Wu and Pingyi Fan, "Effective Capacity of a 
correlated Nakagami-m Fading Channel," Wireless communications and 
mobile computing, John Wiley, Feb. 2011. 

[11] Gaofei Huang, Guanchi Zhang and Hui Zheng , "QoS-driven resource 
allocation scheme for the OFDM amplify-and-forward relay system," 
Wireless Communications, Networking and Mobile Computing 
(WiCOM), Wuhan, pp. 3878-3882, Sept. 2011. 

[12] T. M. Cover and J. A. Thomas, Elements of Information Theory. New 
York: Wiley, 1991. 

[13] V.Erceg, K. V. S. Hari, "Channel Models for Fixed Wireless /networks," 
Technical Report, IEEE 802.16 Broadband Wireless Access Working 
Group, January 2001. 

[14] "3GPP Long Term Evolution: System Overview, Product Development 
and Test Challenges," Agilent Technology, available on: 
http://cp.literature.agilent.com/litweb/pdf/5989-8139EN.pdf, June 2009.  

[15] " 3G LTE Tutorial - 3GPP Long Term Evolution," Radio-Electronics, 
available on: http://www.radio-

electronics.com/info/cellulartelecomms/lte-long-term-evolution/3g-lte-
basics.php 

[16] Nan Zhou, Xu Zhu, Yi Huang and Hai Lin, "Low Complexity Cross-
Layer Design with Packet Dependent Scheduling for Heterogeneous 
Traffic in Multiuser OFDM Systems," IEEE Transactions on Wireless 
Communications, vol.9, no.6,  pp.1912~1923, 2010.   


