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Abstract— Having Internet and wireless networks continue their 

dramatic advances requires a lot to be provided such as seamless 

and soft handover procedure. However, seamless and fast 

handover mechanism is still one of the main research issues. 

When a mobile node performs macro movements, the changes in 

some access nodes, base stations and access routers are 

unavoidable. Upon such changes, MNs must re-register in servers 

or re-invite corresponding nodes and gain the necessary 

information again. These procedures need enough time to be 

done so the delay may cause the ongoing session to lose 

connectivity. In this paper, a novel scheme has been proposed for 

handover in IPv6-based WiMAX network. In this scheme we 

used context transfer mechanism to transmit important session 

information in different levels of network and also the handover 

messages are combined with the context transfer messages to 

reduce the total overhead. The performance of the proposed 

scheme has been evaluated by numerical analysis and simulation. 

The evaluation results show that the proposed method lead to 

lower handover disruption time and fewer messages passing 

overhead comparing to the current mode. 

Keywords- IMS, MIPv6, Mobile WiMAX, Context Transfer 

Protocol (CXTP), Fast Handover, Cross-Layer Optimization. 

I. INTRODUCTION  

In mobile networks, real time applications such as voice 
connection require continuous network services while the user 
is on the move. When an MN performs movement, it must 
satisfy a number of requirements to continue receiving packets. 
Fast handover enables the MN to send and receive IP packets 
immediately after regaining link connectivity [2]. The goal of 
the smooth handover is to maintain uninterrupted access to 
network resources so that the transport interruption caused by 
handover is minimized. Context transfer is a solution to the 
smooth handover problem [3]. In this paper, first of all we 
briefly introduce the call flows of IMS, Mobile WiMAX and 
Mobile IPv6 and its extended version, and then describe the 
fast handover mechanism in next sections. In order to reduce 
the disruption time of handover we propose three fast handover 
solutions able to optimize mobility management over mobile 
WiMAX networks in terms of handover delay and signaling 
load. The key goal was to reduce handover latency by avoiding 
of re-initiation and session establishment to and from MN. The 
performance evaluation illustrates that the proposed schemes 
achieve better performance in terms of handover latency and 
service disruption time. 

The remainder of this paper is organized as follows. Section 
2 reviews briefly IMS, MIPv6, mobile WiMAX and Context 
Transfer mechanism and also describes some related works. 
Section 3 describes handover scenario in IPv6 based WiMAX 
network. In Section 4, the proposed handover scheme is 
proposed and then its performance is investigated by numerical 
result in sections 5 and 6. Finally, the conclusions and future 
works are drawn in Section 7. 

II. BACKGROUNDS AND RELATED WORKS 

A. IP Multimedia Subsystem (IMS) and Mobile IPv6 

3GPP has decided to use a layered approach for IMS 
architectural design. IMS network comprises transport, session 
control, and application layers. [5].  

MIPv6 is one of the most important protocols to 
accommodate the increasing demand of end-to-end mobility in 
IPv6 Internet [1]. There have been a lot of researches to 
improve handover performance. One of these research issues is 
to reduce the handover latency. FMIPv6 [2] is a modification 
of MIPv6 that tries to reduce handover latency by utilizing 
Layer 2 triggers and delivering packets in the new point of 
attachment at the earliest. There are two modes of operations: 
Predictive and Reactive. 

B. Mobile WiMAX 

Based on the Fig. 1 that illustrates the system architecture 
of a Mobile WiMAX network, it consists of three major 
components: mobile stations (MSs), network access providers 
(NAPs), and network service providers (NSPs). A NAP that 
establishes, operates, and maintains WiMAX networks is an 
operator for access networks. A NAP may own several ASNs 
(Application Service Providers) that are deployed in different 
geographical locations. An ASN is an access network 
infrastructure to connect MN to IP backbone with session 
continuity, consisting of a number of base stations (BSs) that 
are controlled by one or more ASN-gateways (ASN-GWs). An 
ASN-GW is a gateway between an ASN and a CSN 
(connectivity service network) for an NSP. It serves as a relay 
node to tunnel MN packets between ASNs and the specific 
CSNs that MN is associated with. ASN-GW assists mobility 
and security in the control plane and handles the IP forwarding.  
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Figure 1.  System architecture of a mobile WiMAX network 

The procedure of handover has been presented in [4]. 

C. Context Transfer Protocol (CXTP) 

Context Transfer Protocol (CXTP) [3] is a network level 
protocol which transfers connection information between 
access routers. CXTP is used, on one hand, to reduce the delay 
introduced by handover, on the other hand, to minimize the 
data loss during handover. CXTP is used when the 
transmission path of a session changes and session-related 
states are re-located from the network nodes on the old 
transmission path to the new transmission path. It allows better 
node mobility support, and avoids re-initiation of signaling to 
and from the MN. The key goals are to reduce latency, 
minimize packet losses and avoid re-initiation of signaling to 
and from MN.  

D. Related Works 

There are some research outcomes focusing on using CXTP 
to reduce the disruption time of handover procedure. One of 
them is in IMS context where two scenarios have been 
proposed to support seamless handover in IMS over IPv6 
network [8]. The authors have used the CXTP to improve QoS 
provisioning in mobile IMS-IPv6 by transferring QoS 
parameters and reserve resources along the handover. To 
decrease communication delay of IMS re-registration, two 
solutions are introduced in [9] that reduce the handover delay 
in macro mobility by sharing the registration information and 
call states. Also in [9], a cross-layer fast hierarchical handover 
mechanism (CLFH) for IEEE 802.16e networks is introduced.  

III. HANDOVER SCENARIO 

To configure a common interworking platform for Mobile 
WiMAX-IPv6 networks based on IMS, many challenges lie 
ahead. Defining a mobility management platform, which is 
common for all handover scenarios, is one of such challenges. 
As shown in Fig. 2, we assume that a multimedia session such 
as VoIP is ongoing between two users. After some time, the 

MN performs handover from the current spot where the session 
has been generated, to a new spot, where the session should be 
continued. In this movement, we assume that MN changes its 
BS causing ASN-GW change as well. Thereupon the previous 
changes, P-CSCF will become different. In this section this 
mode of handover will be discussed and the message passing 
diagram will be presented.  
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Figure 2.  Mobile WiMAX Network Architecture in Presence of IMS 

As mentioned before, because of movement the MN 
changes its BS. According to the handover, the connection at 
the BS1 is terminated and the MN has to trigger the handover 
procedures. BS2 does not have enough information about the 
session, so MN has to register with BS2 via 802.16e re-entry 
procedure. As mentioned in the WiMAX standard [6], this 
procedure includes the ranging, basic capability REQ/RSP 
(SBC) and registration for the t-BS.  

Also the MN movement causes the ASN-GW and the IP 
address of MN to change. These changes must be announced to 
the CN to continue the ongoing session. This announcement is 
done by IMS invitation procedure. Also the HSS in the IMS 
home network should be updated by the new information 
through IMS re-registration procedure. The MN uses the CoA 
as a source address at the SIP proxy every time it changes its 
point of attachment to the network. In particular, if the MN is 
involved in and active SIP session with other nodes, it needs to 
re-invite those nodes by providing a new CoA.  

In addition to BS and ASN-GW, the P-CSCF of the IMS 
network changes accordingly and it makes need to re-register 
in the new P-CSCF and re-invite the CN again. This change 
has to be announced to CN and also to the new P-CSCF at IMS 
visited network by the means of interaction between IMS at the 
home network and the visited network.  In figures 3 and 4 the 
signaling procedures of the handover in two modes (Predictive 
and Reactive) have been shown. According to the IMS 
specifications, the session at the old P-CSCF (P-CSCF1) is 



terminated and the MN has to trigger the standard SIP-based 
IMS procedures at the New P-CSCF (P-CSCF2). New P-CSCF 
does not have enough information about the MN and its 
ongoing session, so the node has to re-register in P-CSCF and 
re-invite the CN. 
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Figure 3.   Predictive Handover Scenario 
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Figure 4.   Reactive Handover Scenario 

IV. PROPOSED SCHEME 

A. Problem Statement 

The proposed internetworking architecture is illustrated in 
Fig. 5. As shown, we proposed to use Context Transfer 
protocol to transfer the user and session information between 
the previous and the new BSs, ASN-GWs and P-CSCFs 

beforehand, preserving session state information. Additionally, 
fewer messages are used for the re-registration and re-
invitation procedures of the MN and shorter handover delay 
imposed for reestablishment of the session, comparing to the 
original schemes which are described in the previous sections. 
Transferring the session context, the old BS informs the new 
one about the MN and its session information. 
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Figure 5.  Proposed Schemes in the Considered Architecture  

In the first change (BS), there is need to transfer the 
WiMAX session information such as ARQ state, timers, 
counters, MAC state machines, CIDs, Service Flows and other 
connection information between BSs. In the standard mode 
these information transfer via network re-entry procedure but 
in the proposed scheme with using handover optimization at 
the WiMAX handover procedure we omit the re-entry 
procedure.  

For the ASN-GW change, some of the information that can 
be transferred between ASN-GW is session state information, 
QoS and AAA information, header compression and security 
features about the MN and its session at the PAR will transfer 
between two ASN-GW. This transfer causes to omit 
registration procedure and also omit any interaction by I-CSCF 
and HSS at the handover.  

In the third change the important information of the session, 
such as registration state, session states, Final Network Entry 
point, UE Address, Public and Private User IDs and Access 
Network Type should be exchanged between P-CSCFs as well. 

B. Proposed Scheme  

In the first transfer, in order to accelerate the network re-
entry phase, the target BS can obtain the configurations and 
settings, such as service flows, state machines, and service 
information, of an MN  from the serving BS via the context 
server without the involvement of an MN. This feature helps an 



MN and the network omit certain steps in network re-entry. 
The target BS informs the MN which network re-entry steps 
can be ignored in the HO process optimization field of a 
ranging response (RNG-RSP) message. As mentioned in 
mobile WiMAX standard [8], if Bit #6 in Handover Process 
Optimization TLV at RNG-RSP is set, full service and 
operational state transfer between s-BS and t-BS have been 
considered (ARQ state, all timers, counters, MAC state 
machines, CIDs, Service Flows information and other 
connection information), causing t-BS and MN not to exchange 
network re-entry messages. In our proposed scheme, at the 
network entry and re-entry procedures, handover optimization 
capability is activate in RNG-RSP message. Thus MN can skip 
the steps of re-entry procedure, such as session border 
controller, request/response (SBC-REQ/RSP), privacy key 
management (PKM) authentication, PKM traffic encryption 
key (TEK) creation, registration request/response (REG-
REQ/RSP), network address acquisition, time of day 
acquisition, and trivial file transfer protocol (TFTP). 

As described before, if MN is involved in an active session 
during the mobility, it needs to re-register the new CoA at the 
P-CSCF and re-invite the CN in its ongoing session and inform 
them of the new CoA. In the handover, we propose to use 
CXTP between ASN-GWs to transfer profitable session 
information such as session state information, QoS and AAA 
information, header compression and the MN and its session 
security parameters. In our scheme, the context transfer 
signaling is used within FMIPv6 messages simultaneously. As 
mentioned in [2], the format of FMIPv6 messages is ICMPv6 
or IPv6 mobility header. Both of these formats operate in the 
Internet Layer and they can carry some extra information. 
Therefore it is possible to include the CXTP messages in the 
FMIPv6 packets. It is important to notice that in this mode only 
the ASN Network alters upon movement, causing CoA to 
change, and so, there couldn’t be any changes in service level 
and QoS. Then the only case that the CN should be aware of is 
the CoA of the MN. So, the invite and session re-establishment 
procedures are not used in this mode. Using MIPv6 
capabilities, the CN will be informed of MN’s CoA, so that the 
MN does not need to re-invite the CN when the CoA changes. 
Having the MN been involved in an active SIP session, the MN 
updates the other nodes with the new CoA through MIPv6 
signaling. Therefore mid-session interruption is less likely to 
happen. 

Fig. 6 has shown the proposed Predictive handover scheme. 
In this scheme, the MN knows in advance toward which router 
it will move and anticipates the transfer to the new ASN-GW. 
Note that this knowledge can be acquired by FMIPv6 and 
Neighbor Discovery (ND). After the negotiation of router 
advertisement and NCoA obtainment, the MN sends FBU 
message to the PAR that contains the Context Transfer 
Activate Request message (CTAR) message. Then the message 
for establishing tunnel between ARs will negotiate. As shown 
in the fig. 6 the HI message carries the Context Transfer Data 
message (CTD) and in response the Hack transmits the Context 
Transfer Data Reply message (CTDR). This scheme utilizes 
movement anticipation, tunneling, and session context transfer 
to alleviate handover delay. It's worthy to mention again that in 
our scheme the context transfer procedure is performed 

simultaneously to MIPv6 handover and doesn’t cause 
excessive latency. After delivery of the buffered packets, the 
MN only sends a re-invite message to the CN and lets it know 
about the handover.  

In the proposed scheme for reactive mode, the MN has 
performed a handover before the context transfer is requested. 
After attachment to the new link and new ASN-GW, MN sends 
UNA message along with CTAR message (see figure 7). Also 
it sends the FBU and Context Transfer Request message (CTR) 
to PAR via NAR. Following that PAR sends HI message along 
with CTD to the NAR and receives Hack and CTDR.  

As mentioned before, in addition to change in BS and 
ASN-GW, the P-CSCF of the IMS network alters, needing to 
re-register in the new P-CSCF and re-invite the CN again. The 
proposed solutions make it possible to have a handover 
between P-CSCFs, without losing session state information. 
Additionally, fewer messages are needed for re-register and re-
invite of the MN so that shorter handover delay imposed for re-
establishment of the session, comparing to the standard scheme 
described before. By transferring the session context, P-CSCF2 
receives information about the MN and its session at the P-
CSCF1, such as registration state, session states, Final Network 
Entry point, UE Address, Public and Private User IDs and 
Access Network Type. 

At the predictive mode (Fig. 6), Afterward, the P-CSCF1 
receives move-notify, it transfers the context information to the 
P-CSCF2 by establishing a bidirectional tunnel via HI/HACK 
and sending useful information to the P-CSCF2. This 
information includes registration state, session states, Final 
Network Entry point, UE Address, Public and Private User IDs 
and Access Network Type. After receiving CTDR, P-CSCF1 
updates S-CSCF routes information by sending route update 
and receives 200 ok. This update omitted the need to interact 
between S-CSCF and HSS in registration procedure. Proposed 
predictive and reactive handover scenarios are shown in figures 
6 and 7. 
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Figure 6.  Proposed Scheme for Predictive Handover Scenario 
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Figure 7.  Proposed Scheme for Reactive Handover Scenario 

V. PERFORMANCE EVALUATION 

In this section, we evaluate and compare the handover 
performance of the proposed scheme with the standard scheme 
in terms of handoff delay and signaling cost by numerical 
analysis and simulation work. The analysis is based on a model 
that takes into account the delay of the different entities 
involved in the handover procedure. We do not consider the 
time needed by DAD process and Return Routability procedure 
and queuing. For convenience, the notations are given as 
follows: 

TL2: The time interval from the moment that the MN 
detaches from PAR to the moment that the MN attaches to the 
NAR. 

T(A,B): The time required for a packet to pass from A to B. 
For example, T(MN,PAR) denotes the time required for a 
packet to pass from the MN to PAR. It is assumed that T(A,B) 
= T(B,A). 

T(A): The time required for a packet to be processed at A. 

A. Performance of Standard schemes 

The signaling costs of the current modes of handover are 
presented here. We calculated the signaling cost of each 
handover scheme and presented them in below equations.  

T STD-Predictive = 5T(MN,BS1)+6T(MN,BS2)+4T(MN,ASN-GW1)+ T(MN,ASN-

GW2)+3T(ASN-GW1,2)+2T(MN,P-CSCF2)+2T(P-CSCF2,I-CSCF1)+2T(I-

CSCF1,HSS) +2T(I-CSCF1,S-CSCF1)+2T(S-CSCF1,HSS)+10T(MN,CN)             (4) 

 

T STD-Reactive  = 5T(MN,BS1)+6T(MN,BS2)+2T(MN,ASN-GW1)+2T(MN,ASN-

GW2) +2T(MN,P-CSCF2)+ T(BS2,ASN-GW2)+3T(ASN-GW1,2) + T(ASN-

GW2)+2T(P-CSCF2,I-CSCF1)+2T(I-CSCF1,HSS)+2T(I-CSCF1,S-CSCF1)+2T(S-

CSCF1,HSS)+10T(MN,CN)                    (5) 

B. Performance of the proposed schemes 

As discussed in previous section, the equations of proposed 
handover schemes have been presented in continuance. These 

equations are calculated from the schemes that have been 
proposed in section 5 of this paper. 

T Prop-Predictive = 5T(MN,BS1) +2T(MN,BS2) +4T(MN,ASN-GW1)+ T(MN,ASN-

GW2)+3T(ASN-GW1,2)+ T(MN,P-CSCF1)+2T(MN,P-CSCF2)+2T(P-CSCF1,2) 

+2T(P-CSCF2,S-CSCF1)+4T(MN,CN)                (9) 

 

T Prop-Reactive = 5T(MN,BS1)+2T(MN,BS2)+2T(MN,ASN-GW1)+2T(MN,ASN-

GW2)+ T(BS2,ASN-GW2)+3T(ASN-GW1,2)+ T(ASN-GW2)+ T(MN,P-CSCF1)+ 

2T(MN,P-CSCF2)+2T(P-CSCF1,2)+2T(P-CSCF2,S-CSCF1)+4T(MN,CN)      (10) 

VI. NUMERICAL RESULTS 

To study the service disruption time, we assumed 
transmitting handover messages time as mentioned in table 1. 

Table 1: Time Assumption for Numerical Analysis (ms) 

Time Assumption for Numerical Analysis 

# Name 
Assumed 

Time (ms) 

1 T(MN,BS1) 20 

2 T(MN,BS2) 30 

3 T(MN,ASN-GW1) 50 

4 T(MN,ASN-GW2) 60 

5 T(ASN-GW1,2) 30 

6 T(BS2,ASN-GW2) 40 

7 T(ASN-GW2) 10 

8 T(MN,P-CSCF1) 60 

9 T(MN,P-CSCF2) 60 

10 T(P-CSCF1,2) 20 

11 T(P-CSCF2,I-CSCF) 20 

12 T(P-CSCF2,S-CSCF) 30 

13 T(I-CSCF,HSS) 30 

14 T(S-CSCF,HSS) 30 

15 T(I-CSCF,S-CSCF) 40 

16 T(MN,CN) 120 

 

Figure 8 shows the total handover disruption time for 
proposed and standard schemes. As shown in the figure, there 
is noticeable decrease in the disruption time of the proposed 
schemes.  

 
Figure 8.  Total Handover Disruption Time  

Figures 9 and 10 show the influence of MN delay variation 
over total handover disruption time in the standard and 



proposed scheme. For this analysis we vary the delay between 
MN and CN (T(MN,CN)) and also delay between MN and BS2 
(T(MN,BS2)), and then we depicted impact of this variation 
over total disruption time in the standard and proposed 
schemes. As shown in the figures, when the delay is increasing, 
total disruption time in the proposed scheme is lower than the 
standard scheme.  

 

Figure 9.  Disruption time Vs. delay between MN and CN 

 

Figure 10.  Disruption time Vs. delay between MN and BS2 

VII. CONCLUSION 

In order to improve the performance of the MIPv6 
handover procedure in presence of WiMAX network we have 
focused on WiMAX handover in IPv6-based next generation 
mobile networks. At the first, we briefly described IMS, MIPv6 
and mobile WiMAX networks and also the current original 
mode of handover procedure. Then we proposed an optimized 
scheme and compared its performance in terms of handover 
disruption time with the standard model. To optimize handover 
delays and reduce the total disruption time, we use context 
transfer mechanism and combine handover messages by its 
messages. We achieved better handover performance and lower 
handover messages, which was validated via numerical 
analysis. Our performance evaluation implies that shorter 
handover latency is achieved as fewer messages are required 
for the re-registration and re-invitation of the CN, and for the 
session re-establishment.  
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