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Abstract— Over the past few years, rapid advances in wireless 

broadband networks have been driving the evolution of 

communication and network technologies towards new mobile 

services for users. Handover management is still one of the most 

challenging issues to be solved for seamless mobility in wireless 

networks. To support mobility on terminal stations mobile 

WiMAX has been standardized. Moreover to provide seamless 

communications for such network Fast Mobile IPv6 (FMIPv6) 

has been proposed by IETF. But for seamless handover, 

collaboration of layer 2 and layer 3 is required. Thus, there is a 

requirement for cross-layering design to support proper behavior 

of the MIPv6 nodes in WiMAX networks. In this article we 

proposed a cross layer Fast handover solution able to optimize 

mobility management over mobile WiMAX networks in terms of 

handover delay and signaling load. The simulation results 

illustrate that the proposed mechanism achieves better 

performance in the handover latency and the service disruption 

time. 

Keywords-component; Fast Handover; Mobile IPv6; IEEE 

802.16e Mobile WiMAX; Context Transfer. 

I.  INTRODUCTION 

Our life has changed into the direction of increasing the 
convenience by being provided with faster and easier service. 
With these changes, usage of mobile devices, such as laptops 
and PDAs, has become popular. Moreover, requirement for fast 
internet service with mobility is increasing. Therefore necessity 
for novel wireless network with faster transmission speed, 
lower cost, higher efficiency and faster mobility support has 
increased. Broadband wireless access networks, such as 
WiMAX, aim to provide high bandwidth, low-cost, scalable 
solutions that extend multimedia services from backbone 
networks to wireless users. In order to benefit from the 
advantages of IPv6, MIPv6 is used in Mobile WiMAX for 
mobility support and this is stated in the standard [8]. MIPv6 is 
a typical protocol for mobility in network layer. But MIPv6 
does not fully support mobility because of its long delay and 
packet loss from its handover duration. This interrupts the 
service and decreases reliance of the network [1].  

Two protocols, FMIPv6 [2] and Hierarchical MIPv6 
(HMIPv6) [3], that are based on MIPv6 are proposed by IETF 
to reduce the MIPv6 handover latency. FMIPv6 tries to reduce 
handover latency by utilizing Layer 2 triggers. In FMIPv6, 
when the device detects mobility, it creates new address for the 

target network and receives data through tunneling in advance, 
therefore it can reduces the handover latency and packet loss. 
The goal of the smooth handover is to maintain uninterrupted 
access to network resources so that the disruption caused by 
handover for transport protocols is minimized. Context transfer 
is a solution to the smooth handover problem [5]. 

In this paper, a cross layer handover scheme is proposed to 
achieve a seamless handover. We have used context transfer 
procedure to transfer the session state information from 
Previous Access Router (PAR) and Serving Base Station (s-
BS) to the New Access Router (NAR) and target BS (t-BS) in 
order to reduce handover latency time. Some of this 
information could be QoS, AAA, header compression and 
Security information in layer 3 and Authorization and 
Registration data in layer 2 [4]. We compare our scheme by the 
IETF scheme [6] by computing the signaling cost to evaluate 
the performance of our proposed scheme. 

The remainder of this paper is organized as follows. The 
next section aims to WiMAX handover, MIPv6 Protocol, 
context transfer protocol and related works. Section III 
describes the proposed Fast MIPv6 Handover schemes in 
802.16e Mobile WiMAX. In Section IV, the proposed 
handover scheme is evaluated through latency cost analysis. 
Section V presents numerical results. Finally, the conclusions 
and future work are drawn in Section VI. 

II. BACKGROUNDS AND RELATED WORKS 

A. Mobile WiMAX Handover 

Handover latency in IEEE 802.16e networks is an important 

issue that affects real-time applications. In Mobile WiMAX, a 

BS broadcasts information about the network topology using 

the MOB_NBR-ADV (neighbor advertisement). A MN scans 

in order to determine their suitability, along with other 

performance considerations, as a handover target. The MN 

uses neighbor BS information acquired from the decoded 

MOB_NBR-ADV message. The MN makes a request to 

schedule scanning intervals or sleep intervals to scan the 

neighbor BS for the purpose of evaluating the MN interest in 

the handover to a potential target BS. A handover begins with 

a decision for an MN to make it from an s-BS to a t-BS and 

sends a trigger from the link layer to the IP layer in the MN to 

announce new link detection (NLD). The handover decision 
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results in a notification of MN intent to make a handover 

through the MOB_MSHO-REQ (handover request) message. 

When the MOB_MSHO-REQ is sent by the MN, the MN 

indicates one or more possible target BS. From the message 

exchanges between the serving BS and the potential target BSs 

through the wired backbone network, the serving BS obtains 

expected MN performance at potential target BSs and 

indicates one or more recommended target BSs to the MN 

using a MOB_BSHO-RSP (handover response) message and 

triggers a LHI (link handover impend) to L3 to report that a 

L2 handover decision has been made and its execution is 

imminent. When the MN selects a target BS and decide to link 

switch (LSW), it sends a MOB_HO-IND (handover 

indication) message including target base station identification 

(BSID) to the serving BS. The connections between the MN 

and the serving BS are terminated after sending the 

MOB_HO-IND. After switching the link, the MN establishes 

the connection and synchronizes with the target BS through 

IEEE 802.16 network entry procedure. As mentioned in the 

WiMAX standard [8], this procedure includes the ranging, 

basic capability REQ/RSP (SBC) and registration for the t-BS. 

After this procedure it triggers link up (LUP) to report that the 

MN completes the link-layer connection establishment with a 

t-BS. 

B. Fast Mobile IPv6  

FMIPv6 aims to reduce the handover delay reduction by 
delivering the packet in the new point of attachment at the 
earliest [2]. There are two modes, predictive and reactive. In 
predictive mode, the t-BS is detected (or predicted) before the 
current network connection is broken, and MN exchanges IP 
layer handover-related signals with the PAR to redirect IP 
traffic to the t-BS before the move is made. In both modes, MN 
transmits RtSolPr (Router Solicitation for Proxy) message to 
currently connected PAR to acquire information of the NAR. 
Then, PAR sends PrRtAdv (Proxy Router Advertisement) 
message that contains information of NAR in response. Then 
the MN configures NCoA (New Care of Address) based on the 
subnet prefix information of NAR received from PAR. After 
that it transmits created NCoA in FBU (Fast Binding Update) 
message to PAR, then the PAR sends HI (Handover Initiation) 
message to NAR to verify the validity of NCoA and to 
configure the bi-directional tunnel with NAR. In response, 
NAR sends Hack (Handover Acknowledgement) message to 
PAR. PAR examines the state code of HAck message for the 
allowance of the handover, then sends the result capsulated in 
FBAck (Fast Binding Acknowledgment) message to MN. At 
the same time, PAR transmits all MN packets to NAR. After 
the handover in layer 2 is over, MN advertises to NAR that it 
has moved to a new link using the Unsolicited Neighbor 
Advertisement (UNA) message. And the packets that were 
saved in the buffer of NAR are transferred to the MN. The MN 
that started to receive packets resumes direct communication 
with Correspondent Node (CN) through invitation procedure.  

The reactive mode is same as the predictive mode until the 
transmission of FBU. However, it considers the situation of the 
connection being ceased due to the handover in layer 2 when 
FBAck message is supposed to be received. In this situation, 
since the connection has been broke during FMIPv6 procedure, 

MN transmits FBU message that contains NCoA to NAR as 
soon as the connection between a new BS is established. NAR 
checks the duplication of NCoA and verifies the validity then 
sends FBU message to PAR to receive data saved in the buffer 
of PAR, and MN progresses BU procedure for direct 
communication with CN [2]. Figs 1 & 2 show the procedure of 
IETF modes of FMIPv6 Handover over Mobile WiMAX. 

MN CNNARPAR

Scanning

MOB_NBR-ADV

Data Flow (RTP Media Flow)

NLD

FBack

HI

FBack

Forward packets

UNA

Data Flow (RTP Media Flow)

Detach from PAR

Attach to NAR

Deliver Packets

Invite

Ack

180 Ringing

100 Trying

200 OK

200 OK

BYE

L3 L2

s-BS t-BS

RtSolPr

PrRtAdv

MOB_MSHO-REQ

MOB_BSHO-RSP
LHI

HACK

FBU

LSW MOB_HO-IND

LUP

RNG-REQ

SBC-RSP

SBC-REQ

RNG-RSP

REG-REQ

REG-RSP

buffering

N
et
w
o
rk
 r
e-
en
tr
y
 p
ro
ce
d
u
re

R
e-
in
v
it
a
ti
o
n
 p
ro
ce
d
u
re

t-
B
S
 s
el
ec
ti
o
n

 
Figure 1.  IETF Predictive scheme of FMIPv6 Handover over Mobile 

WiMAX 
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Figure 2.  IETF Reactive scheme of FMIPv6 Handover over Mobile WiMAX 

C. Context Transfer Procedure 

As mentioned in RFC3374 [4], Context Transfer Procedure 
(CXTP) enables authorized context transfers. Context transfer 
allows better node mobility support, and avoids re-initiation of 
signaling to and from a MN. Example features contained in the 
context are session information such as AAA, QoS, security 
and header compression. The key goals are to reduce latency, 
minimize packet losses and avoid re-initiation of signaling to 
and from MN. Context transfer is a network level protocol 
which transfers connection information between access routers; 
this mechanism is a handover optimization procedure to reduce 
the length of interruption (handover delay) in user’s ongoing 
application sessions [5].  

D. Related Works 

Recently, there have been a large number of cross-layering 
design proposals in the literature. In [7] a new cross-layering 
design has been proposed for fast IPv6 handover support over 
IEEE 802.16e. The authors presented two handover protocols 
for the IP layer and the MAC layer used in FMIPv6 and IEEE 
802.16e. Also in [9], a cross-layer fast hierarchical handover 
mechanism, named CLFH, has introduced for IEEE 802.16e 
networks. An IETF RFC that implements the FMIPv6 
Handover over IEEE 802.16e networks is presented in [6]. In 
addition, the authors in [11] demonstrated that context transfer 
between IMS-SIP servers, triggers successfully reduce the 
overall handover latency in IMS-IPv6 networks. 

III. PROPOSED HANDOVER SCHEME  

As wireless access technologies are improved, users require 
continuous network services while on move. Due to the 
mobility, the MN has to change the point of attachment to the 
access network and it can not send or receive any packets. This 
time interval is referred as handover latency. Achieving a 
seamless handover, which exhibits little to no packet loss and 
very low handover latency, is preferred. 

In our network model that has been shown in Fig. 3, we 
assume that a multimedia session such VoIP, is ongoing 
between two users. After some time, the MN performs a 
handover from the current spot where the session was 
generated to a new spot, where the session should be 
continued. In this movement, the MN changes its BS and AR 
which imply to change its IP address. According to handover, 
the session at the s-BS is terminated, and the MN has to trigger 
the handover procedures. NAR and t-BS does not have 
information about the session, so MN has to register with t-BS 
and establish IP connectivity with NAR and also re-establish 
session flow with CN.  

In the proposed handover scenario, a MN has to establish 
both a new link layer connection, as in a link layer handover, 
and a new IP configuration to maintain connectivity. As 
mentioned before, with context transfer procedure it will be 
possible to omit the negotiation of re-establishment in layer 2 
and re-registration in Later 3 [5]. The proposed solution makes 
it possible to have a handover between spots, without losing 
session state information. Additionally, fewer messages are 

used for the re-registration and re-invitation procedure of the 
MN and shorter handover delay imposed for re-establishment 
of the session, comparing to the IETF scheme which is 
described in [6]. By transferring the session context (see Fig. 
3), NAR receives information about the MN and its session at 
the PAR, such as registration and session states, IEEE 802.16 
network re-entry procedure, capability Negotiation, IP 
connectivity information, Authorization,  and QoS information.  

As mentioned in mobile WiMAX standard (in pages 239 
and 681 at [8]), if in ranging adjustment, Bit #6 in Handover 
Process Optimization TLV at RNG-RSP is set, full service and 
operational state transfer between s-BS and t-BS is assumed 
(ARQ state, all timers, counters, MAC state machines, CIDs, 
Service Flows information and other connection information), 
so it causes t-BS and MN do not 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. 
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Figure 3.  Network model of handover scenario 

A. Proposed Predictive scheme 

Fig. 4 has shown the proposed predictive scheme of 
FMIPv6 Handover. In this scheme, the MN knows in advance 
towards which router it will move and anticipates the transfer 
to the NAR. Note that this knowledge can be acquired by 
FMIPv6 and Neighbor Discovery (ND). After the negotiation 
of router advertisement and select the target BS, 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. 4 the HI message carries the Context Transfer Data 
message (CTD) and in response the Hack transmits the Context 
Transfer Data Reply message (CTDR). As mentioned before, 
by transferring the sufficient information of the ongoing 
session and MN while Context Transfer, the MN does not need 
to perform the IEEE 802.16 re-entry procedure. But for the 
future handover it sends Ranging REQ/RES with handover 
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optimization that makes it possible to transfer service and 
operational information of s-BS. 
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Figure 4.  Proposed Predictive scheme of FMIPv6 Handover 

B. Proposed Reactive Scheme 

In this scheme, the MN has performed a handover before 
the context transfer is requested. After attachment to the t-BS 
and NAR, in addition of RNG REQ/RSP, MN sends UNA 
message along with CTAR message (see Fig. 5). Also it sends 
the FBU and Context Transfer Request message (CTR) to PAR 
via NAR. After that PAR sent HI message along with CTD to 
the NAR and receive Hack and CTDR. The Proposed Reactive 
scheme of handover in WiMAX area is shown in Fig. 5.  
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Figure 5.  Proposed Reactive scheme of FMIPv6 Handover 

IV. PERFORMANCE EVALUATION 

In this section, we evaluate and compare the handover 
performance of the proposed mechanism with IETF. The 

analysis is based on a simple 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. 

In base of pictures 1 and 2, the overall delay for the IETF 
schemes, Predictive and Reactive, are calculated in the below 
equations: 

TIETF-Predictive = 5T(MN,s-BS) + 4T(L2,L3) + 4T(MN,PAR) + 2T(PAR,NAR) 
+ TL2 + 6T(MN,t-BS) + T(MN,NAR)  + 7T(MN,CN)                       (1) 

TIETF-Reactive = 5T(MN,s-BS) + 3T(L2,L3) + 3T(MN,PAR) + 4T(PAR,NAR) + 
TL2 + 6T(MN,t-BS) + 2T(MN,NAR)  + T(NAR) + 7T(MN,CN)           (2) 

By counting the number of signaling messages in the 
proposed schemes, the overall delay for proposed Predictive 
and Reactive schemes would be: 

TProposed_Predictive = 5T(MN,s-BS) + 4T(L2,L3) + 3T(MN,PAR) + 
2T(PAR,NAR) + TL2 + 2T(MN,t-BS) + T(MN,NAR)  + 2T(MN,CN)      (3) 

TProposed_Reactive = 5T(MN,s-BS) + 3T(L2,L3) + 3T(MN,PAR) + 

4T(PAR,NAR) + TL2 + 2T(MN,t-BS) + 2T(MN,NAR)  + T(NAR) + 

2T(MN,CN)                   (4) 

Figures 6 and 7 are shown the reduction in number of 
signaling packets at proposed scheme in compare of IETF 
scheme. As shown in these figures, there are considerable 
decrease in number of interaction between MN & CN and also 
MN & t-BS. 

 

Figure 6.  Reduction in the number of signaling messages (Predictive mode) 
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Figure 7.  Reduction in the number of  signaling messages (Reactive mode) 

V. NUMERICAL RESULTS 

In this section, the numerical performance evaluation for 
the IETF schemes and the proposed schemes has been 
evaluated. To study the service disruption time, we set TL2 = 
100 ms, T(L2,L3) = 5ms and T(NAR) = 20ms. Also, we assume 
T(MN,s-BS) = 20ms, T(MN,t-BS) = 30ms, T(MN,PAR) = 25ms, T(MN,NAR) = 
30ms and T(PAR,NAR) = 30ms. The delay introduced by the 
Internet depends on the number of routers and the type of links 
in the path of datagram transmissions. For this reason, we 
assume the one-way Internet delay over the wired network to 
be constant and equal to 100ms. Therefore, we assume 
T(MN,CN)= 140ms. Fig. 8 shows that as when the delay between 
the MN and CN is increasing, the disruption time for the 
proposed scheme would be lower than the IETF model.  

 

Figure 8.  Disruption time versus delay between MN and CN (ms.) 

 

Figure 9.  Disruption time versus delay between MN and t-BS (ms.) 

In Figure 9 the service disruption time versus delay 
between MN and t-BS is shown. It is clear that when the delay 
between the MN and t-BS is increasing, the disruption time for 
the proposed scheme would be lower than the IETF model. 
Also the predictive mode has the lowest Hanover latency in 
compare of the Reactive mode. 

VI. CONCLUSION 

In order to improve the performance of the handover 
procedure of MIPv6 in presence of WiMAX networks, in this 
paper we proposed a cross layer fast handover solution. This 
solution is able to optimize mobility management in terms of 
handover delay and signaling load of MIPv6. To lessen the 
handover latency, the proposed scheme uses context transfer 
procedure between the previous and new access routers and 
transfer session states to omit full re-registration and re-entry 
procedure after handover. The proposed scheme improves the 
service quality by reducing the service disruption time. We 
investigated the performance of the new scheme and compared 
it with the IETF scheme. 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-establishments.  
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