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ABSTRACT 

Proxy Mobile IPv6 (PMIPv6) protocol was developed through the concept of Network-based Local Mobility 

Management (NetLMM). IP mobility features previously developed in various other mobility protocols are based on the 

host. Mobile Node (MN) needs to perform the process of signaling to the network topology involved when roaming to 

other locations and this scenario has caused problems including the need to implement the complex configuration of host 

mobility for signaling exchange conditions and route update. Accordingly, the PMIPv6 protocol gets rid of the burden to 

install mobility stack on MN.A number of mobility management protocols have been proposed for this purpose other than 

PMIPv6 such as Mobile IPv4 (MIPv4), Mobile IPv6 (MIPv6), Fast Mobile IPv6 (FMIPv6), and Hierarchical Mobile IPv6 

(HMIPv6). However, various weaknesses were found in the implementation of mobility management protocol such as 

packet overhead, latency delivery and lack of support for data access optimization. In addition, analysis of previous studies 

found that the implementation of mobility protocol introduced high signaling cost, handover delays and the probability of 

failure of delivery. This paper aims to study investigates the performance of PMIPv6 protocol. Network Simulator (NS) 

version 2.29 is used to perform PMIPv6 protocol over UDP (User Datagram Protocol) and TCP (Transmission Control 

Protocol) traffics. The results of the study shown the performance of the PMIPv6 protocol under handover delay, packet 

delivery ratio and throughput performance metrics. 
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1. INTRODUCTION  

Network mobility nowadays plays the most 

crucial roles in delivering seamless mobility connectivity 

to billions of users around the world and mostly the 

process in providing quality services are transparent from 

users involvement [1, 2]. Hence, Internet Engineering 

Task Force (IETF) has proposed mobile internet protocol 

which developed based on Internet Protocol. Network 

mobility allows the nodesto keep connected to the current 

access without breaking the connection. Through network 

mobility, a node can change its location and the access 

will not be disrupted while on the move. A number of 

mobility management protocols have been proposed for 

this purpose such as Mobile IPv4 (MIPv4), Mobile IPv6 

(MIPv6), Fast Mobile IPv6 (FMIPv6) [3], Proxy Mobile 

IPv6 (PMIPv6), and Hierarchical Mobile IPv6 (HMIPv6) 

[4]. However, various weaknesses were found in the 

implementation of mobility management protocol such as 

packet overhead, latency delivery and lack of support for 

data access optimization 

This paper aims to specifically study PMIPv6 

mobility management protocol to investigate the 

performance of mobile handover that occur in the mobility 

protocol implementation. Proxy Mobile IPv6 (PMIPv6) 

was developed through the concept of Network-Based 

Local Mobility Management (NetLMM). IP mobility 

features previously developed in various other mobility 

protocols are based on the host. Mobile Node (MN) needs 

to perform the process of signaling to the network 

topology involved when roaming to other locations and 

this scenario has caused problems including the need to 

implement the complex configuration of host mobility for 

signaling exchange conditions, and route update.  

Network Simulator (NS) version 2.29 is used to 

perform this paper objective by implementing PMIPv6 

mobility protocol with UDP (User Datagram Protocol) and 

TCP (Transmission Control Protocol) traffics. The 

performance of the mobility protocol will be shown via the 

analysis of simulation’s handover delay, packet delivery 
ratio and throughput. 

This paper is organized as follows: Section 2 

depicts the network entity involved in PMIPv6, Section 3 

reviews the signaling and operation of PMIPv6 protocols 

and Section 4 illustrates the simulation environment, 

results and evaluations in Section 5 and followed by the 

conclusions in Section 6. 

 

2. PMIPv6 NETWORK ENTITIES 

The aim of the development and implementation 

of the PMIPv6 is to provide the MN with the ability to 

roam without involvement in the IP layer management of 

mobility itself [5, 6]. Through a proxy-based mobility 

protocol. The mobility function of the MN is moved into 

the network itself. PMIPv6 provide mobility support 

within the local area called PMIPv6 domain. While 

roaming in the domain, the network detects the current 

location of MN. Figure-1 shows the PMIPv6 network 

topology.  
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Figure-1. PMIPv6 network topology. 

 

 As showing in Figure-1, the PMIPv6 network 

entities involved in the network architecture include the 

following: 

 

a) Mobile Node (MN): This entity performs 

communication with Correspondent Node (CN) in 

sending and receiving data only.  

b) Mobile Access Gateway (MAG): MAG facilitates and 

conducts the control plane processing and signaling 

on behalf of the MN attached to its access links. The 

MAG will act as the access router, that is, the first-

hop router in the localized mobility management 

infrastructure. This entity responsible in tracking the 

movements of the MN in the PMIPv6 domain. A 

domain might have multiple MAGs. 

c) Local Mobility Anchor (LMA): LMAstoresroutes 

information for each MN connected to the PMIPv6 

infrastructure. Packets sent to the MN from CNwill be 

routed through the tunnels between the LMA and the 

corresponding MAG. The LMA acts asthe anchor 

point for the addresses assigned to MN in the domain 

as the packets destined to the node will be routed 

through LMA. 

d) Correspondent Node (CN):  CN entity performs wired 

or mobile communication which communicated with 

MN in sending and receiving data only. 

 

3. PMIPv6 OPERATION 

Figure-2 shows the basic operation of PMIPv6 

follows. When an MN enters a PMIPv6 domain, it attaches 

to an access link provided by an MAG. The MAG 

proceeds to identify the Mobile Node and checks if it is 

authorized to use the network-based mobility management 

service. If it is, the MAG performs mobility signaling on 

behalf of the MN. The MAG sends to the LMA a Proxy 

Binding Update (PBU) associating its own address with 

the identity of the MN. Upon receiving this request, the 

LMA allocates a prefix to the MN. Then the LMA sends 

to the MAG a Proxy Binding Acknowledgment (PBA) 

including the prefix allocated to the MN. It also creates a 

Binding Cache entry and establishes a bidirectional tunnel 

to the MAG. The MAG sends Router Advertisement 

messages to the MN, including the prefix allocated to the 

MN, so the MN can configure an address. 

Bi-directional tunneling between the LMA and 

MAG manages MN data plane. Traffic addressed to the 

MN in the current domain from CN will be extended 

through the LMA and the MAG and after encapsulating 

the packet, traffic will be sent directly to the appropriate 

MN. 

The same operation will take place when a 

handoff situation take place when the new MAG detects 

MN when moving away from the previous MAG, PBU 

message will be sent to the LMA by the new MAG on 

behalf of MN. The LMA performs all related process as 

mentioned before, with new information, and updating the 

tunnel and routing information for traffic handling from 

CN to MN. After that, PBA message will be sent to the 

new MAG and RA message will be sent to MN.As 

mentionedearlier, the MN does not change its address as 

long as it is still in the same PMIPv6 domain. 
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Figure-2. PMIPv6 operation and signalling [7]. 

 

4. SIMULATION ENVIRONMENT 

To study the performance of PMIPv6 protocol, 

we used ns-2.29 network simulator. The simulation 

performance with the extensions of National Institute of 

Standards and Technology (NIST) mobility andPMIPv6 

[8-10]. This study simulated the MN movement to observe 

the process of attachment or handover between one MAG 

to another MAG. This simulation will perform maximum 

five handovers. The simulation parameters are listed in 

Table-1. 

 

Table-1. Simulation parameters. 
 

Parameter Value 

Simulator 

NS-2 (version 2.29) with 

NIST and PMIPv6 

extension 

Simulation  time 140 s 

Number of nodes 6 nodes (1 MN) 

Link Layer Type LL 

MAC type 802.11 

Queue type Drop-tail/Priority Queue 

Radio propagation model Two-ray ground 

Antenna model Omni antenna 

Routing protocol DSDV 

Max Packet in Queue 50 

Traffic model CBR& TCP 

Maximum speed 50 m/s 

Network area size 670 x 670 m
2
 

Packet size 1000 Bytes 

Mobility model PMIPv6 

 

 

4.1 Performance metrics 

This study used several network performance 

metrics through the simulation experiments for the 

mentioned mobility model. The performance metrics used 

for this study are as below:  

 

4.1.1 Average Packet Delivery Ratio (PDR) 

PDR is the ratio of data packets delivered to the 

destination to those generated by the sources. Itis 

calculated as follow:  

 

100*
 SentPackets of Number

Received Packets of Number
PDR       (1) 

 

4.1.2 Throughput (TP) 

Throughput is known as the number of bytes that 

the destination has successfully receivedand it is 

calculated as follow: 

 

TP (Mbps) = Number of bytes receives * 8 / 1000000    (2) 

 

4.1.3 Average PMIPv6 Handover Delay 

Average handover delay is the average time of 

control packet to be successfully transmitted and 

communicated across the network from source to 

destination. The average handover delay is computed as 

follow: 

 

Handover Delay= ∑ �− ��� �       (3) 

 

wherei is the control packet index, Ri is the time of 

received PBU, Si is the time of sent PBA and n is the total 

number of control packets.  

 

5. RESULTS AND DISCUSSIONS 

In this simulation experiment, the study uses 

topology shown in Figure-1 above. The figure illustrates 

the topology as CN, LMA, MAG1, MAG2 and MN. The 
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study simulates two traffic model which are TCP and UDP 

transmit by CN destined to MN. CN starts sending packets 

to MN after the simulation starts for 0.5 seconds and 

continue transmitting packet until simulation time reaches 

130 seconds. During simulation, MN will perform 

handover between MAG1 and MAG2 when it moves from 

AP1 to AP2. The MN moves with the speed of 50 m/s. 

The simulation stops at 140 seconds. 

 

 
 

Figure-3. PDR vs number of handovers. 

 

Figure-3 shows the average PDR over the number 

of handoversperforms throughout the simulation. Both 

TCP and UDP flows are shown in the figure. The graph 

shows the PDR line for both packets flowsis quite stable 

during simulation time except during the moment handoff 

scenario is being initiated where only a very slight change 

was noted. However, the percentages of PDR are 

significantly differing between TCP and UDP packet 

flows. TCP packet flow, which achieves100% PDR value, 

guarantees packet delivery since the usage of error control 

where the protocol able to keep track of any lost and 

discarded packet via acknowledgment generating arule. 

While UDP packet flow only manages to retain around 

60% of the packet delivery since this protocol use a 

connectionless mechanism to transmit packet making 

ahuge difference in its packet sending and delivery ratio. 

However, from the figure analysis, the effect of handover 

between MAGs in both packet flow simulations does not 

give much different on PDR, which can be concluded that 

PMIPv6 mobility model does not give a negative impact 

on packet handling in a mobile environment. 
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Figure-4. Throughput vs time. 

 

Figure-4 explains the graphical representation 

output of the simulation for two handovers to study the 

pattern of simulation throughput during the handover 

process. The Y-axis shows the throughput while the X-

axis represents the Time in seconds. In both traffic flows, 

the analyze found that during the handover process, the 

connection did not break during the first handover at 8 

seconds and second handover at 99 seconds for both 

packets flows because as mentioned earlier, MN does not 

detect a link change and it keeps the same addresses. This 

scenario happens becausePMIPv6 implementation also 

uses a unique method MN addressing prefixes compared 

to other mobility protocols that implement the mutual 

prefix configuration between numbers of MN. 

Accordingly, the configuration Duplicate Address 

Detection (DAD) does not have to be carried out in this 

mobility protocol which improves the performance of the 

handover protocol. The throughput dropped due to the 

delay from handover process during PBU and PBA 

messages exchange. 

 

 
 

Figure-5. Average handover delay vs number of handovers. 

 

Figure-5 showing average handover delay in both 

types of traffic flows. From the analysis, we notice that the 

delay caused from the handover process in both traffic 

flows is negligible since the handover process only took 

about 2 milliseconds. The handover process which took 

off from the moment the previous MAG sending a PBU 

message until the moment MAG received PBA message 

from LMA together with MN allocated prefix.  
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6. CONCLUSIONS 

This paper evaluated the performance of PMIPv6 

handover performance using ns-2.29. The comparison 

which based on TCP and UDP traffic flows using PMIPv6 

model mobility. This study concludes that network 

parameters tested in this study does not have a significant 

effect on the handover performance of the studied PMIPv6 

mobility protocol. 
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