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Abstract : To Satisfy High Quality Of The Necessity Of 

Wireless Multimedia System Services, Especially For 

Internet Applications, The Data Rate Is An Important Issue 

To Investigate It. Worldwide Interoperability For Microwave 

Access (Wimax) Network Provides A Reasonable Mobility 

To Meet The End User Demand. As Known That Wimax 

Networks Provide Higher Mobility And Lower Speed, Wi-Fi 

Networks Are Vice Versa. The Paper Presents The Dual 

System Of The Mobile User That Has An Access To Both 

Networks As An Internet Service Provider Based On The 

Best Quality Under Environment Conditions. This Paper 

Studies The Performance Of The Dual System Under These 

Conditions. The Mobile User Is Auto Attached To The 

Network Either Wi-MAX Or Wi-Fi That Has The Best 

Quality. This Dual System Is “Wi-Wi” Network Where 

IEEE 802.11n And IEEE 802.16e Are Introduced For Wi-Fi 

And Wimax System Models Respectively. The Numerical 

Analysis Is Validated By Using MATLAB Simulation 

Program. Metrics Of Network Quality Are Provided.  

Keywords: IEEE 802.11n; IEEE 802.16e; QoS; Handoff; Path Loss; 

Received Power; SNR; Data Rate  

I.  INTRODUCTION 

The integration of WiFi-WiMAX among the architecture's 

seeks for another generation of cordless networks is becoming 

increasingly typical especially in cities [1]. The main reason 

for such connection is to provide users with a growing number 

of applications with higher data rate, greater coverage and 

reasonable mobility access. Although several studies have 

shown the integration of 2.5 and 3G mobile networks coupled 

with WLANs (Wireless Local Area Networks), they have not 

provided Internet connections identical to the broadband rates 

of speed that have been available from WiMAX [1]. The 

appearance of WiMAX technology has achieved the user’s 

demand for broadband cordless access since its capability to 

provide higher rate connection, with a sizable area coverage 

alongside with the Quality of Service (QOS) guarantee [2].   

Wireless Local Area Networks (WLANs) have an 

adjustable data rate regarding to the standard, however, this  

 

 

 

standard version has a coverage distance up to 20 meters in 

indoor and up to 100 meters in outdoor. In [3], authors have 

increased the coverage distance by incorporating WLANs with 

Wireless Metropolitan Area Networks (WMANs) as the 

backhaul or a last mile solution. The coverage regions of 

standard WMANs cover up to 50 km with data rate up to 70 

Mbps which is likely suitable apply in a metropolitan area by 

linking houses, buildings or cities [4]. 

The most useful options for access to the internet in 

metropolitan systems are Wi-Fi and WiMAX [5]. Currently, 

there are a variety of cities on the globe known as "Wireless 

Metropolitan Areas" such as Taiwan which could supply the 

people's to gain access to the cordless internet throughout 

their whole urban centres [6]. Regarding that, integration of 

Wi-Fi and WiMAX is the best option way to deploy large-

scale cordless systems beside the coverage expansion, the 

quantity of needed bandwidth is also another concern. 

Associated with as network applications become higher, 

bandwidth becomes critical to network efficiency [7]. 

In our paper, IEEE 802.11n and IEEE 802.16e are 

considered for Wi-Fi and WiMAX respectively in the system 

model to assign a good dual connectivity of the mobile user to 

both networks. IEEE 802.11n operates at 2.4 and 5 GHz and 

provides maximum data rate up to 288.8 Mbps and up to 600 

Mbps at 20 MHz and 40 MHz channel bandwidth 

respectively. It covers distance up to 70 m and up to 250 m in 

indoor and outdoor systems respectively. IEEE 802.16e 

operates at 2 up to 6 GHz in mobile WiMAX and channel 

bandwidth from 1.25 up to 20 MHz. It provides maximum 

data rate up to 63 Mbps at 10 MHz channel bandwidth. It 

provides coverage distance in LOS systems up to 50 Km at 

higher frequency bands from 10 up to 66 GHz and 8 Km for 

NLOS systems at lower frequency bands from 2 up to 11 

GHz. IEEE 802.11n channel can be divided into 64 

subcarriers by Orthogonal Frequency Division Multiplexing 

(OFDM) while IEEE 802.16e can be divided into 2048 

subcarriers by Orthogonal Frequency Division Multiple 

Access (OFDMA). Environment conditions such as path loss 

is taken into main account and consequently received power, 

Signal Power-to-Noise Power Ratio, Energy per sent symbol, 

data rate, delay and throughput are estimated. MATLAB 
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simulation program is used to check numerical analysis 

validation.            

The remainder of this paper is organised as follows: 

Section 2 provides an overview about Wi-Fi and WiMAX. 

Section 3 represents the system model expressed in 

mathematical equations. Section 4 introduces the simulation 

results and discussion. Finally, section 5 concludes this paper 

and presents future work. 

II.  Overview of Wi-Fi and WiMAX 

IEEE 802.11 standards are technologies that allow 

any wireless device to switch and transfer data in a high speed 

internet connection within a brief range area. IEEE 802.11 

standard can support data rates from 1-2 Mbps at a coverage 

distance up to 20 m in indoor and up to 100 m in outdoor [11]. 

There are five main IEEE 802.11 versions: IEEE 802.11a, 

IEEE 802.11b, IEEE 802.11e, IEEE 802.11g, IEEE 802.11n 

and IEEE 802.11ac [12]. Formerly, IEEE802.11a/b/g was 

utilized widely, however, now the popular employment is for 

IEEE 802.11n version that operates in 2.4 GHz and 5 GHz 

bands [13]. On the other side, IEEE 802.16 standards are 

suitable for a medium communications which created by the 

companies, Intel and Alvarion, in 2002 and ratified by the 

IEEE (Institute of Electrical and Electronics Engineers) 

[14,15]. Fig. 1 shows the trade off relationship between speed 

and mobility for such wireless technologies. It can be 

observed that IEEE 802.11 WLANs have the best speed but 

the lowest mobility and IEEE 802.16 WMANs have a lower 

speed and higher mobility than that of IEEE 802.11 WLANs. 

 

 

 

Fig. 1: Speed-Mobility Trade off Relationship 

WiFi covers a local area (indoor and outdoor) such as 

an office, a college or a university campus. On the other hand, 

WiMAX covers a metropolitan area by connecting houses, 

buildings or cities. WiMAX is different from WiFi in many 

aspects such as mobility, speed, coverage distance and data 

rate [16]. One of the main reasons why WiFi is unable to 

operate at greater distances as WiMAX is that radios 

operating in the unlicensed frequencies are not allowed to be 

as powerful as those operated with licenses [17]. Since the 

power is less, the same effects happen to the distance.  

 

    Moreover, Wi-Fi Medium Access Control (MAC) layer 

uses contention access, whereas WiMAX uses a scheduling 

algorithm [18]. Using a contention mode algorithm, users 

have to compete for data throughput to the access point [18]. 

In the meantime, by scheduling mode algorithm, it allows the 

user to only compete once to the access point. As a result, 

WiMAX outstrip Wi-Fi in terms of throughput, latency, and 

spectral efficiency [19]. 

III. Mathematical Model 

1. Path Loss 

Path loss is caused by dissipation of the power 

radiated by the transmitter as well as effects of the 

propagation channel. Path loss models generally assume that 

path loss is the same at a given transmit-receive distance. 

There are many types of path loss models such as: Free Space, 

One-Slope, Multi-Slope and Hata Models. Free space path 

loss model can be expressed as follows: 

            
  

  
         

   
 

      
                          (1) 

Where:   : transmited power;   : received power;   : 

transmit-receive antenna gain product;  : distance which 

separates between transmit and receive antennas, and  : wave 

length. 

It’s worth to be mentioned that free space path loss model is a 

LOS system that depicts no obstacles between the sender and 

the receiver. 

One-slope free space path loss model introduces an obstacle 

between the sender and the receiver in the free space 

environment which has an environment path loss exponent  . 

One-Slope path loss model is the summation of free space 

path loss model        at the minimum possible distance at 

the far-field antenna propagation wave to measure a signal 

strength which is called “Reference Distance   ” and path 

loss at distance   regarding the path loss exponent  . One-

slope free space path loss model can be expressed as follows: 

                      (
 

  
)                    (2) 
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Where:         : free space path loss model at reference 

distance   ;  : environment path loss exponent in dB, and   : 

reference distance in m 

Dual-Slope is one of the Multi-Slope path loss models that 

takes in the account two obstacles with two path loss exponent 

values    and   , before and after critical distance    

respectively. Critical distance    refers to the distance that the 

signal strength starts to be attenuated. Dual-slope free space 

path loss model can be expressed as follows: 

     

         

{
                                                    

         (
 

  
)                                            

(3) 

Where:   : environment path loss exponent at     ;   : 

environment path loss exponent at            : critical 

distance in m 

A number of path loss models have been developed over the 

years to predict path loss in typical wireless environments 

such as large urban macrocells, urban microcells, and, more 

recently, inside buildings. These models are mainly based on 

empirical measurements over a given distance in a given 

frequency range and a particular geographical area or 

building. The standard formula for empirical path loss in 

urban areas under the Hata path loss model can be expressed 

as follows: 

                                   

                           

                          (4) 

Correction factor of the receive antenna for the small to 

medium sized areas can be expressed as the following 

formula: 

                                          

            (5) 

For suburban areas, Hata path loss model can be derived as 

follows: 

                              *     (
  

  
)+

 

                                                  

(6) 

                            [         ]
  

               k     (7) 

Where:  : path loss constant which varies from 35.94 

(countryside) to 40.94 (desert);   : transmitter antenna height 

in m;   : receiver antenna height in m, and   : carrier 

frequency 

2. Received Power 

Received signal power falls off more quickly relative 

to the distance. The received signal power is also proportional 

to the square of the signal wavelength, so as the carrier 

frequency increases, the received power decreases. This 

dependence of received power on the signal wavelength λ is 

due to the effective area of the receive antenna. 

Received power in free space path loss model can be 

expressed as follows: 

                                   
                       (8) 

Received power due to dual-slope free space path loss model 

can be expressed as the following formula: 

     

{
              (

 

  
)                                   

              (
  

  
)           (

 

  
)       

 (9) 

For free space, One-Slope, Dual-Slope, Hata model and Cost-

231 Extension Hata Model, the received power can be 

estimated through the following formula: 

                         [
 

  
]  (10) 

  is a unit less constant which depends on the antenna 

characteristics and average channel attenuation. It is 

sometimes set to be free space path gain at distance    

assuming omnidirectional antennas as follows:  

           
 

    
     (11) 

 3. Signal Power-to-Noise Power Ratio     

The Signal Power-to-Noise Power Ratio     is a ratio 

between total received power after path loss impact and the 

total noise power. It can be expressed as follows: 

     
  

   
      (12) 

Where:   : received power;    : noise power spectral density, 

and B : channel bandwidth 

4. Energy Per Symbol 

The    is often expressed in terms of Signal Power-to-

Noise Power Ratio    , Noise Spectral Density   , Channel 
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Bandwidth   and Symbol Time   . It can be expressed as 

follows: 

                 (13) 

Where:   : signal energy per sent symbol;    : noise power 

spectral density; B : bandwidth, and      symbol time 

5. Channel Data Rate   

From Shannon’s law, channel data rate can be estimated 

depending on channel bandwidth   and Signal Power-to-

Noise Power Ratio     as follows: 

                    (14) 

6. Waiting Delay 

The average queue length represented in average number 

of buffered packets can be expressed as the following 

formula: 

  
 

 
         

 

 

 

  

 

  
    (15) 

Where:   : cycle period in msec;  : average arrival rate;  : 

utilization, and 
 

  
:  real-time packet transmission expectation 

By using Little’s law due to the queuing theory, the average 

waiting delay can be estimated from the following formula: 

  
 

 
       (16) 

Where:  : average waiting delay in msec 

7. Impairment Factor due to End-to-End delay 

Impairment Factor due to End-to-End delay 

(including the delay occurred from the source to the 

destination) can be described as the following expression: 

                                            (17) 

Where:  : End-to-end delay in msec and     : Step function 

Step function      can be expressed as follows: 

     {
              
              

                                                               

IV. Simulation Results and Discussion 

In our model, Wi-Wi system is introduced to describe the 

dual connectivity scheme of mobile receiver to both Wi-Fi 

and WiMAX networks. Performance of Wi-Wi system is 

measured based on environment conditions metrics such as: 

path loss, received power, signal power-to-noise power ratio, 

energy per sent symbol, delay, data rate and throughput. All 

these metrics are estimated to determine the quality of the Wi-

Wi system to enable the mobile user to be auto-connected to 

the best one, either Wi-Fi or WiMAX. In our simulation, 

IEEE 802.11n and IEEE 802.16e are considered for Wi-Fi and 

WiMAX networks respectively. Table 1 and Table 2 provide 

the simulation parameters of IEEE 802.11n and IEEE 802.16e 

respectively. MATLAB simulation program is used. Our 

simulation results may be divided into two parts: 

Table 1: IEEE 802.11n Simulation Parameter 

Value Parameter 

30 dBm Transmit power    

2.4 GHz Operating frequency   

20 MHz Channel Bandwidth   

up to 70 m Indoor coverage distance   

above 70 up to 250 m Outdoor coverage distance   

5 µsec Transmission time expectation 
 

  
⁄  or   ⁄  

 

1. Dual Connectivity Simulation Results 

 

Fig. 2 IEEE 802.11n Outdoor and IEEE 802.16e Path Loss 

Figure 2 shows performance of dual IEEE 802.11n outdoor 

(Wi-Fi) and IEEE 802.16e (WiMAX) for path loss    over a 

common distance   between them which is from 70 m to 250 

m. IEEE 802.11n can be calculated from equation (3), i.e. 

Table 2: IEEE 802.16e Simulation Parameter 

Value Parameter 

40 dBm Transmit power    

3.5 GHz Operating frequency   

20 MHz Channel Bandwidth   

up to 20 Km coverage distance   

0.1 msec Transmission time 

expectation    
⁄  or   ⁄  
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Dual-Slope path loss model, and IEEE 802.16e can be 

calculated from equations (4,5,7), i.e. Empirical Hata path loss 

model. It is obvious that when      m, IEEE 802.11n is 

better at all the specific distance except in two regions. The 

first region is from approximate      m to       m: 

IEEE 802.16e with      m is better than IEEE 802.11n 

outdoor. The second region is from approximate       m 

to       m: IEEE 802.11n outdoor and IEEE 802.16e have 

the same performance nearly. Therefore, the mobile has its 

own free decision in the second region to access either Wi-Fi 

or WiMAX. Increasing in    of IEEE 802.16e leads to that the 

performance of IEEE 802.16e becomes better than that of 

IEEE 802.11n outdoor. We can conclude that the mobile has 

dual connectivity to both networks Wi-Fi and WiMAX but it 

should access the best performance according to the lower 

path loss. 

 

Fig. 3 IEEE 802.11n Outdoor and IEEE 802.16e 

Received Power 

Figure 3 shows a performance of dual IEEE 802.11n outdoor 

and IEEE 802.16e for received power    over a common 

distance   between them which is from 70 m to 250 m. IEEE 

802.11n outdoor and IEEE 802.16e received power can be 

calculated from equations (9,10) respectively. It is obvious 

that when   increases, the received power    decreases from -

42 dBm down to -75 dBm. 

 

Fig. 4 IEEE 802.11n Outdoor and IEEE 802.16e Hybrid 

Signal-to-Noise Power Ratio 

Figure 4 shows a performance of dual IEEE 802.11n outdoor 

and IEEE 802.16e for Signal-to-Noise Power Ratio     over 

a common distance   between them which is from 70 m to 

250 m. Equation (12) may be used to calculate    . It is 

obvious that when           , the Signal-to-Noise Power 

Ratio decreases from 60 dB down to 26 dB. 

 

Fig. 5 IEEE 802.11n Outdoor and IEEE 802.16e 

Hybrid Energy per Symbol 

Figure 5 shows a performance of dual IEEE 802.11n outdoor 

and IEEE 802.16e for energy per symbol    over a common 

distance   between them by using equation (13) which is from 

70 m to 250 m. It is obvious that when   increases,    

decreases from 0.3 pJoule down to 0.0001 pJoule. 
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Fig. 6 IEEE 802.11n Outdoor and IEEE 802.16e Hybrid 

Channel Data Rate 

Figure 6 shows a performance of dual IEEE 802.11n outdoor 

and IEEE 802.16e for Channel Data Rate   over a common 

distance   between by using equation (14) them which is from 

70 m to 250 m. It is obvious that when   increases, the 

channel data rate decreases from 400 Mbps down to 160 

Mbps. 

 

Fig. 7 IEEE 802.11n Outdoor and IEEE 802.16e Waiting 

Delay 

Figure 7 shows the impact of cycle period    including busy 

and idle periods on the waiting delay   of packets in the 

queue at the BS. By using equation (15), the average queue 

length   is variable depending on different arrival rates   

which change utilization  . As    increases, the waiting delay 

  increases in both IEEE 802.11n and IEEE 802.16e 

networks. However, when   increases,   decreases in both 

IEEE 802.11n and IEEE 802.16e networks. By using Little’s 

law expressed in equation (16), waiting delay can be 

estimated. IEEE 802.11n has a tiny lower waiting delay of the 

buffered packets due to the higher speed compared to IEEE 

802.16e. Using     provides the highest waiting delay and 

using     provides the lowest waiting delay in either IEEE 

802.11n or IEEE 802.16e networks. At the first cycle periods, 

the impact is noticeable between both networks rather than the 

growing periods since delay is near to be the same by 

increasing the cycle period   . 

2. Hybrid IEEE 802.11n Outdoor-IEEE 802.16e at different 

operating frequencies 2.4 and 3.5 GHz respectively 

 

Fig. 8 Hybrid Dual-Slope Path Loss Model 

Figure 8 shows performance of dual IEEE 802.11n outdoor 

(Wi-Fi) and IEEE 802.16e (WiMAX) for path loss    over a 

common distance  between them which is from 70 m to 250 

m. IEEE 802.11n can be calculated from equation (3), i.e. 

Dual-Slope path loss model, and IEEE 802.16e can be 

calculated from equations (4,5,7), i.e. Empirical Hata path loss 

model. We can conclude that the mobile has dual connectivity 

to both networks Wi-Fi and WiMAX but it should access the 

best performance according to the lower path loss. 

 

Fig. 9 Hybrid Received Power 

Figure 9 shows a performance of dual IEEE 802.11noutdoor 

and IEEE 802.16e for received power    over a common 

distance  between them which is from 70 m to 250 m. IEEE 

802.11n outdoor and IEEE 802.16e received power can be 
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calculated from equations (10) respectively. It is obvious that 

when   increases, the received power    decreases from -44 

dBm down to -74 dBm. 

 

Fig. 10 Hybrid Signal-to-Noise Ratio 

Figure 10 shows a performance of dual IEEE 802.11n 

outdoor and IEEE 802.16e for Signal-to-Noise Power 

Ratio     over a common distance   between them which is 

from 70 m to 250 m. Equation (12) may be used to calculate 

   . It is obvious that when           , the Signal-to-Noise 

Power Ratio decreases from below 35 dB down to 

approximate 0 dB. 

 

Fig. 11 Hybrid Average Channel Data Rate 

Figure 11 shows a performance of dual IEEE 802.11n 

outdoor and IEEE 802.16e for Channel Data Rate   over a 

common distance   between by using equation (14) them 

which is from 70 m to 250 m. It is obvious that when 

  increases,the channel data rate decreases from 230 Mbps 

down to 30 Mbps. 

 

Fig. 12 Hybrid Energy per Sent Symbol 

Figure 12 depicts the performance of dual IEEE 802.11n 

outdoor and IEEE 802.16e for energy per sent symbol    over 

the common distance   between them by using equation (13) 

which is from (70 up to 250) m. It is obvious that when   

increases and path loss exponent  increases,    decreases 

from above 1 down to approximate 0.0001. Results are 

represented by log scale due to very minor difference. 

3. Performance Comparison between IEEE 802.11n 

Outdoor and IEEE 802.16e for Static and Random 

Motions 

 

Fig. 13 (a) IEEE 802.11n Outdoor and IEEE 802.16e Dual-

Slope Path Loss Model for Static Motion 

 

Fig.  13 (b) IEEE 802.11n Outdoor and IEEE 802.16e Dual-

Slope Path Loss Model for Random Motion 
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Figures 13 (a) and (b) show the performance comparison of 

IEEE 802.11n outdoor and IEEE 802.16e for static and 

random motion respectively by using equation (3). When the 

distance   increases, the dual slope path loss model    is 

increased significantly. A common path loss exponent   value 

is selected to assign the performance of each one. This value 

is 2.7 and 3.3 dB as it is a common for IEEE 802.11n outdoor 

and IEEE 802.16e. As shown in Fig. 13 (a), the path loss    is 

logarithmically increased in a static manner with the static 

motion by the user. While as shown in Fig. 13 (b) the path 

loss    is logarithmically increased in a random manner with 

the random motion by the user. It can be noticeable that 

random motion provides the same path loss    values that in 

static and random motion respectively. the reason of same 

results, IEEE 802.11n outdoor and IEEE 802.16e, is because 

transmit-receive antenna gain product is equal for IEEE 

802.11n outdoor while different for IEEE 802.16e. 

 

Fig. 14 (a) IEEE 802.11n Outdoor and IEEE 802.16e 

Received Power for Static Motion 

 

Fig. 14 (b) IEEE 802.11n Outdoor and IEEE 802.16e 

Received Power Random Motion 

Figures 14 (a) and (b) show the performance comparison of 

IEEE 802.11n outdoor and IEEE 802.16e for static and 

random motion respectively by using equation (10). When the 

distance   increases, the received power    is decreased 

significantly. A common path loss exponent   value is 

selected to assign the performance of each one. This value is 3 

dB as it is a common for IEEE 802.11n outdoor and IEEE 

802.16e. As shown in Fig. 14 (a), the received power    is 

logarithmically decreased in a static manner with the static 

motion by the user. While as shown in Fig. 14 (b) the received 

power    is logarithmically decreased in a random manner 

with the random motion by the user. It can be noticeable that 

random motion provides lower received power    values than 

that in static motion due to the different operating frequency. 

 

Fig. 15 (a) IEEE 802.11n Outdoor and IEEE 802.16e SNR for 

Static Motion 

 

 

Fig. 15 (b) IEEE 802.11n Outdoor and IEEE 802.16e SNR for 

Random Motion 

Figures 15 (a) and (b) show the performance comparison of 

IEEE 802.11n outdoor and IEEE 802.16e for static and 

random motion respectively by using equation (12). When the 

distance   increases, the signal-to-noise ratio     is 

decreased significantly. A common path loss exponent   

value is selected to assign the performance of each one. This 

value is 3 dB as it is a common for IEEE 802.11n outdoor and 

IEEE 802.16e. As shown in Fig. 15 (a), the signal-to-noise 

ratio     is logarithmically decreased in a static manner with 

the static motion by the user. While as shown in Fig. 15 (b) 

the signal-to-noise ratio     is logarithmically decreased in a 

random manner with the random motion by the user. It can be 

noticeable that random motion provides lower signal-to-noise 

    values than that in static motion due to the different 

operating frequency. 
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Fig. 16 (a) IEEE 802.11n Outdoor and IEEE 802.16e Average 

Channel Data Rate for Static Motion 

 

Fig. 16 (b) IEEE 802.11n Outdoor and IEEE 802.16e Average 

Channel Data Rate for Random Motion 

Figures 16 (a) and (b) show the performance comparison of 

IEEE 802.11n outdoor and IEEE 802.16e for static and 

random motion respectively by using equation (14). When the 

distance   increases, the average channel data rate   is 

decreased significantly. A common path loss exponent   

value is selected to assign the performance of each one. This 

value is 3 dB as it is a common for IEEE 802.11n outdoor and 

IEEE 802.16e. As shown in Fig. 16 (a), the average channel 

data rate   is logarithmically decreased in a static manner 

with the static motion by the user. While as shown in Fig. 16 

(b) the average channel data rate   is logarithmically 

decreased in a random manner with the random motion by the 

user. It can be noticeable that random motion provides lower 

average channel data rate   values than that in static motion 

due to the different operating frequency. 

 

Fig. 17 (a) IEEE 802.11n Outdoor and IEEE 802.16e Energy 

per Sent Symbol for Static Motion 

 

Fig. 17 (b) IEEE 802.11n Outdoor and IEEE 802.16e Energy 

per Sent Symbol for Random Motion 

Figures 17 (a) and (b) show the performance comparison of 

IEEE 802.11n outdoor and IEEE 802.16e for static and 

random motion respectively by using equation (13). When the 

distance   increases, the energy per sent symbol  is 

decreased significantly. A common path loss exponent   

value is selected to assign the performance of each one. This 

value is 3 dB as it is a common for IEEE 802.11n outdoor and 

IEEE 802.16e. As shown in Fig. 17 (a), the energy per sent 

symbol    is logarithmically decreased in a static manner with 

the static motion by the user. While as shown in Fig. 17 (b) 

the energy per sent symbol    is logarithmically decreased in 

a random manner with the random motion by the user. It can 

be noticeable that random motion provides lower energy per 

sent symbol    values than that in static motion due to the 

different operating frequency. 
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4. Multimedia QoS over Wi-Wi  

 

Fig. 18 Packet End-to-End Delay Impairment Factor over Wi-

Wi 

Fig. 18  shows impact of packet end-to-end delay d on the 

impairment factor due to delay I_d by using equation (17) in 

presence of three different Wi-Wi methodologies. There were 

two recent approaches in the integration scheme between 

WiMAX and WiFi in multimedia services transfer over the 

integrated networks (WiMAX-WiFi). These approaches are 

MA and LM schemes used to estimate the packet end-to-end 

delay to measure user’s satisfaction factor for VoIP and 

Video. It was expected that the packet end-to-end delay of 

both multimedia services transferred over the integrated 

networks would be longer, but what happened is that the 

packet end-to-end delay has become shorter from (100-150) 

msec and from (150-300) msec respectively. Then, 

impairment factor due to packet end-to-end delay would be 

influenced as it reaches to approximate 4 msec and 20 msec 

for MA and LM respectively. Load Balance scheme is 

proposed in the integrated networks (WiMAX-WiFi) for VoIP 

and Video to achieve very shorter packet end-to-end delay 

which is from (0-100) msec. Then, impairment factor due to 

packet end-to-end delay will influenced by this very shorter 

packet end-to-end delay and reaches to approximate 2.5 msec. 

V. Conclusion 

After investigation of the best metrics in the presence 

of Wi-Wi networks, highly quality services for internet 

applications have been achieved. WiMAX has provided a 

reasonable mobility to meet the end user requirements and 

Wi-Fi has achieved a higher speed to transfer data. Metrics of 

Wi-Wi network that measure the performance of dual 

connectivity of mobile receiver to both Wi-Fi and WiMAX 

networks are calculated under existence of environment 

conditions that mainly affects the path loss. Consequently, 

received power, signal power to noise power ratio, energy per 

sent symbol, data rate, delay and throughput are estimated. A 

performance comparison has been assigned between IEEE 

802.11n (Wi-Fi) and IEEE 802.16e (WiMAX) at path loss 

exponent     dB to determine the performance of each 

separate network at the same conditions. MATLAB 

simulation program has been used to simulate the 

mathematical model and accurate simulation results are 

provided in Tables. 
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