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Abstract
Objectives: As a result of signal transmission in WiMAX too long distance, and because there are many request packets 
arrive at WiMAX gateway request handovers, this cost a congestion which may result in loss or delay in packet time 
sensitive. The objectives of this paper are to investigate the delay when packets with real time sensitive handover in 
WiMAX gateway and to measure and enhance the handover performance. Methods/Statistical Analysis: To overcome this 
problem, and achieve the objectives is propose a new scheme Resource Reservation Protocol & Random Early Detection 
with Weighted Fair Queuing (RR-WFQ) in order to analyze and enhance delay for real time packet in WiMAX gateway. This 
schema applies all Resource Reservation Protocol (RSVP), Random Early Detection (RED), and Weighted Fair Queuing 
(WFQ) as a Scheduling, RED as a mechanism and RSVP as a signaling protocol. Findings: The proposed scheme enhances 
the QoS by minimizing the delay in WiMAX gateway and BS. The scheme enhances the delay in all queues in a gateway, 
and video conferencing. The result of the scheme shows an enhancement delay in the WiMAX gateway. Application/
Improvements: Mathematical analysis and modeling have been done using queuing theory. Simulation has been done 
using OPNET simulation. Simulation results for the new approach confirms that has minimized delay in WiMAX gateway 
and BS the gateway and enhances the QoS.

Keywords: Signaling Protocol, Proposed RR-WFQ Scheme, Queuing Management, Resource Reservation Protocol, WIMAX 
Scheduling

1.  Introduction
In WiMAX communication area good coverage, low cost, 
and better data rate are the goals of designers. Signaling 
real time packet sensitive in WiMAX is an open issue 
because it is unspecified by IEEE 802.16-2004, IEEE 
802.16d, IEEE 802.16e or IEEE 802.16j1. Congestion 
always happens in WIMAX gateway because of the huge 
number of packets arrive at the gateway and requesting 
handover. Since no network can guarantee hundred per-
cent the QoS, which result to packet lost and delay2. A 
protocol like RSVP is provided in order to enhance QoS 
End-to-End delay, loss, delay variation and throughput3. 
The real goals of RSVP are to improve the heterogeneous 
network, to be flexible with the direction of transmission, 
and to make use of all the resources4. While Random 

Early Detection (RED) is considered as a queue mecha-
nism to avoid congestion, modified RED has been applied 
with WFQ to avoid congestion, and shows good result in 
minimizing the delay in WIMAX BS and WIMAX gate-
way, this scheme called Nilai scheme5.

2.  Queuing Theory
M/M/1 is a queuing theory with possion arrive process 
for packets, exponentially service for those packets, and 
a single server with an infinite length of queue, λ is the 
arrival rate, and µ is the service rate with average services 
equally to 1 / µ6; Figure 1 shows the M/M/1 structure, 
where all arrival rate, service rate, and average services 
explained.
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Figure 1.  M/M/1 structure.

Property ρ  for M/M/1 is the arrival rate over service rate 
which is equal to λ/µ where λ/µ <1, so if arrival rate is 
more than service rate (λ > µ) it will be at least one packet 
and will never be served or worst this packet will drop7.

Because Markov Chain has memory less property, 
“memoryless property a random variable x is said to be 
memoryless if, and only if for every ,α β ≥ 0”8.

M/M/1 follow time dependent which is long term 
behaved under stochastic equilibrium9.
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According to10 in M/M/1 queuing system is the output 
and input for each state follows stochastic equilibrium 
which is also known as global balance; Figure 2 shows the 
Global balance based on M/M/1.

N  is the number of packet in the system wither they 
are waiting in queue or being serviced to be written as 
Formula (2).
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In order to calculate delay on WiMAX based on M/M/1 
we use Formula (3).

D D j N
M M j

j
j

j
j/ / .1

0 0

1 1 1
1

1 1
= =

+







 =

+
= −

+
=










=

∞

=

∞

∑ ∑ρ
µ

ρ
µ

ρ
ρ
µ µ 11

1 1

1

1
−









 =











−



















=
−ρ µ λ

µ
µ λ

   (3)
Figure 3 shows that in WiMAX handover from BS to 
another BS process flows the global balance which is in 
another word M/M/1 system. Formula (4) are used to cal-
culate the total delay in all handover process.

	
D D DM M/ /1 = + processing Time spend in the queue 	 (4)

Figure 2.  Global balance.
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3.  WFQ (Weighted Fair Queuing)
WFQ is scheduling mechanism deployed for packets in 
network, it is used in all getaways, switches and routers 
to provide QoS and guarantee less delay and less loss to 
packets, the virtual starting time in the gateway based on 
WFQ will be defined as Formula(5)11.

	 S S V t L
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j
iS : The virtual starting time.

( )V t : The starting time for packet to arrive.
j
iL : Size of packet.

iφ : The distribution coefficient

S V ti
j−{ }1 , ( ) : The virtual starting for gateway.

Where delay in WFQ is defined as Formula (6).
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Scheme such Weighted Random Early Detection (WRED) 
Scheduler have been presented by12 in order to avoid con-
gestion for real time packet sensitive. 

4. � Resource Reservation 
Protocol (RSVP)

RSVP is a signaling protocol located on transport layer 
aim to clear path to packet required QoS13. Protocol such 
(RSVP, RSVP-TE, and CR-LDP) are very important when 
it comes for real time packet sensitive14, RSVP a protocol 
has provided as a solution for transmission delay espe-
cially for packet time sensitive15. The reason of using 
RSVP is that it can work with any communication net-
work includes CAC (Connection Admission Control), 
scheduler, control policy, and classifier because resources 
in that communication should be according to QoS16.

5.  The Proposed Scheme
The scheme (RR-WFQ) proposed to modify for Nilai 
scheme, where extend queue have been added in WiMAX 
gateway and BS. Different mechanisms in order to 
enhance and improve WiMAX gateway and BS have been 
applied.  to calculate the maximum delay in WiMAX gate-
way when all RSVP signaling protocol, RED as a detection 
mechanism, and WFQ as a scheduling are applied. And 
compare with other techniques. Since Random Early 
Detection (RED) is calculated in in Formula (7), and the 
maximum delay is calculated as Formula (8).

Figure 3.  M/M/1 on WiMAX.
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By applying all formulas 3,6, and 7 we will come to 
new formula to calculate total maximum delay maxD  as 
Formulas 9.
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Figure 4 explains the modifying pseudo code for the 
proposed scheme, as well as Figures 5 showing that the 
modification has been done for Nilai scheme in both BS 
and WiMAX gateway to achieving the proposed scheme.
The parameters used in the proposed RR-WFQ scheme 
are shown in Table 1.

Table 1. Proposed RR-WFQ scheme parameters

Parameters Parameters Values

maxp Maximum marking probability

bp Drooping probability 

thmax Maximum threshold 

thmin Minimum threshold

C Average queue length 

N Number of packets inside the queue 

λ Packet arrive 

maxD Total Maximum Delay

WFQD Maximum Delay in WFQ

/ /1M MD
Maximum Delay in M/M/1 Queuing 
System 

maxL Maximum Size of packet.

Figure 4.  RR-WFQ pseudo code.
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6.  Simulation Model and Results
The simulation model shown in Figure 6, is proposing that 
scheme (RR WFQ) has been simulated and implemented 
using OPNET17. MAC and PHY layer parameter are 
exhibited in Table 2. Simulation was conducted for three 

scenarios: scenario one where FIFO applied as schedul-
ing mechanisms, scenario two where MDRR applied as 
scheduling mechanisms, and the third scenario was the 
proposed scheme. Results of figures 7-9 show that the 
proposed scheme enhances the delay in WiMAX gateway. 

Figure 5.  The proposed RR-WFQ scheme.
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Table 2.  Simulation parameters

Parameters Type Parameters Values
Maximum SS 100
Maximum Distance 6km
Transport protocol type UDP/TCP
Symbol Duration 102.86 (n=28/25, delta_f = 10.94 kHz, Tg=Tb/8)
Base Frequency 5 GHz
PHY Profile Wireless OFDMA 20 MHz
Bandwidth 20MHz
Frame Duration 5ms
DL/UL Zone 100%
DL/UL Usage Mode PUSU
Duplexing Technique TDD
PHY OFDMA
Fast Fourier Transform Size 1024

Figure 6.  OPNET project model for RR-WFQ scheme.
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Figure 7.  Average delay in WIMAX.

Figure 8.  Average delay in video conferencing.
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Figure 7 demonstrates the average in WiMAX gate-
way. The proposed RR-WFQ scheme reduces delay and 
enhances the QoS for real time packet sensitive compare 
to other scheme like MDRR-RSVP, and FIFO-RSVP.

Figure 8 demonstrates the average delay for a number 
of packets in video conferencing in WiMAX gateway. The 
proposed RR-WFQ scheme reduces delay and enhances 
the QoS for real time packet sensitive compared to other 
schemes like MDRR-RSVP, and FIFO-RSVP.

Figure 9 demonstrates the average delay packets for 
queue in WiMAX gateway. The proposed RR-WFQ 
scheme reduces delay and enhances the QoS for real time 
packet sensitive compare to other scheme like MDRR-
RSVP, and FIFO-RSVP.

Results of the proposed scheme have been compared 
with other schemes. The proposed scheme enhances the 
performance of WiMAX gateway. The qualitative results 
have shown Figure 9 enhancement in delay. Table 3 shows 
the quantitative results.

Table 3. Quantitative results for proposed scheme

Average Delay (sec)

MDRR-RSVP FIFO-RSVP RR-WFQ
WIMAX 
Gateway 0.835893sec 0.772738sec 0.158419sec

Queue in 
Gateway 0.016979 sec 0.018111 sec 0.012728 sec

Average Delay Packet Number

MDRR-RSVP FIFO-
RSVP RR-WFQ

Video 
Conferencing 30.11479 25.33266 19.85494

7.  Conclusion
Packets with real time sensitive are very important in the 
communication area. Using RSVP signaling protocol, the 
RED detection mechanism, and WFQ scheduler is better 
than other schemes like FIFO and MDRR for real time 
packet sensitive. A modifying for Nilai scheme has been 

Figure 9.  Average delay packets for queue in gateway.
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proposed. The proposed scheme has enhance the QoS by 
minimizing the delay in WiMAX gateway and BS. The 
proposed scheme has considered M/M/1 queuing theory 
as a mathematical model in order to control the number 
of packet process in the WiMAX gateway. The scheme 
enhances the delay in all queues in a gateway, and video 
conferencing. For future work, the proposed scheme 
could be tested for PCS or non real time packet sensitive.
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