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ABSTRACT 
In this paper we consider the efficiency of handoff 

procedure in 802.16e environment. Our goal is to 
re-construct the handoff process by the cross layer 
design of existing handoff procedures specified in 
802.16e MAC layer and mobile IPv6 (MIPv6). By using 
the cross layer design, the handoff procedure of layer 3 
can be interleaved with that of layer 2. And the handoffs 
of layer 2 and layer 3 can be more coincident. In 
addition to studying the handoff latency affected by the 
frame duration of 802.16e and connection dropping 
rate caused by handoff, the proposed scheme was 
compared with a scheme proposed for IETF draft. The 
simulation results show that our scheme is superior to 
the other scheme.  
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1: Introduction 
 

Wireless access technology has become the most 
convenient way for various kinds of communication 
services. Currently, global system for mobile 
communications (GSM) is the most popular standard for 
mobile phones in the world while the wireless local area 
network (WLAN) is widely deployed for internet access. 
Recently, the third generation (3G) technology is 
becoming mature and is promoting to offer data and 
multimedia services. Wideband code division multiple 
access (WCDMA), which is the technology adopted in 
3G, is a wideband digital radio communications 
technology, which provides new service capabilities, 
increased network capacity and reduced cost for voice 
and data services compared to GSM technologies. It 
provides simultaneous support for a wide range of 
services with different characteristics on a common 5 
MHz carrier. However, as mobile internet and voice 
over IP (VoIP) services grow rapidly, demand of beyond 
3G (B3G) or the forth generation (4G) has become the 
main stream of recent development in communication 
technologies. IEEE 802.16 series, or Worldwide 
Interoperability for Microwave Access (WiMax), has 
been recognized one of the most convincible 
technologies for the provision of next generation 
communication world due to its IP-based 
characteristics. 

There are two main standards proposed in 802.16 
working group [1, 2]. One is the 802.16-2004, which 
specifies the physical and medium access control (MAC) 

protocol between base station (BS) and subscriber 
stations (SS) for fixed wireless access, and the other one 
is 802.16e-2005, which defines the physical and MAC 
protocols for mobile wireless access. The certification 
procedure and certification laboratory of 802.16-2004 
was completed in 2005 and several products have been 
passed the certification till now. The most attractive 
feature of WiMax is the mobility capability proposed in 
IEEE 802.16e-2005 though its certification procedure is 
still under discussion. The main reason is that it can fit 
in the needs of broadband services in mobile 
environment and can compensate 3G technology for IP 
based applications. 

One of the most important issues of mobility 
based services is the decrease of performance, such as 
delay and connection dropping, caused by handoff. If 
the delay of handoff can not be confined to a tolerable 
level, several real time applications, such as VoIP, video 
streaming, etc., will not be accepted for the deployment. 
In 802.16e, handoff procedure is the most important part 
discussed in MAC layer. And the pre-scan mechanism 
has been defined for BS and mobile station (MS) to 
measure the radio condition so that the candidate BS 
can be selected in advance. However, the whole 
procedure of handoff shall not include layer 2 only but 
also the IP layer (i.e. IP mobility) for IP based services. 
In order to improve the performance during handoff in 
mobile IPv6 environment, the fast handoff procedure [3] 
was proposed to deal with some handoff process, such 
as the configuration of CoA, duplicated address 
detection (DAD), etc., in advance so that the handoff 
latency can be reduced. But the procedure of mobile IP 
is usually initiated after the completion of the handoff of 
layer 2. The handoff delay is, therefore, the summation 
of the time required by layer 2 and 3. In [4], an 
integrated handoff procedure for link layer and IP layer 
was proposed to deal with this issue. But that scheme 
merely overlay the handoff procedures of layer 2 and 
layer 3 directly without considering the correlation 
between them and the improvement of performance is 
not significant. If the handoff procedures of layer 2 and 
3 are discussed separately, the performance of handoff 
latency will not be able to be improved effectively. In 
this paper, we study the process that shall be performed 
and the related message sequence charts of 802.16e and 
MIPv6 to propose a cross layer handoff scheme. The 
proposed scheme effectively blends the relative 
messages of layer 2 and layer 3 so that the number of 
control messages can be decreased and the handoff 
delay can be reduced. 
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This paper is organized as follows. In the 
following section, the handoff scenarios and related 
message sequence charts of 802.16e and fast mobile 
IPv6 are briefly reviewed. The proposed procedure of 
cross layer handoff is stated in section III. In section IV, 
we examine the performance of the proposed scheme 
through simulations and the results of our scheme are 
compared with the scheme proposed in [4] in this 
section. And, finally, conclusions of this paper and 
future researches are provided. 

 
2: Overview of 802.16e Mobility and Fast 
Mobile IPv6 
 

Performance of handoff is the most important issue 
discussed in mobile environment. As traditional 
communication technology is constructed in layered 
approach, to handoff an existing connection or service 
stream is a complex procedure. The main functions of 
layer 2 layer 3 are to deal with hop-by hop link and 
end-to-end connection issues, respectively. Hence the 
objectives of handoff at different layers are different. IP 
service is the most popular layer-3 protocol, however, it 
may run over various kinds of layer-2 protocols. In this 
paper we consider the mobility issue of IP over 802.16e 
environment. And the basic mobility scenarios of 
802.16e and fast mobile IPv6 are briefly described in 
the following. 

 

2.1 802.16e Mobility 

The mobility supported in 802.16e can be divided 
into the following steps: 

- Cell reselection 

- Handoff decision and initiation 

- Synchronization to target BS 

- Handoff ranging 

- Termination of MS context 

In order to speedup the handoff delay, in 802.16e, the 
mobile station is allowed to issue scan request for target 
BSs. Three kinds of associations are defined to assist 
the scan procedure of MS. Level 0 association is the 
most straightforward scheme where no coordination 
process between serving BS and target BS is performed. 
After get the permission for scan by the serving BS, the 
mobile station shall contend with the MS of the target 
BS, which it is going to scan, for sending ranging 
request message to the target BS. Level 1 and 2 
association were proposed with the coordination of the 
serving BS. That is the serving BS will negotiate with 
the target BSs in advance so that the MS can avoid the 
contention procedure. And the main difference between 
level 1 and 2 is that the ranging results replied by the 
target BSs (through BS-to-BS interface) will be 
collected by the serving BS in level 2 association. This 
arrangement has the advantage that there is no need for 

the target BS to allocate additional downlink sub-carrier 
and bandwidth for the MS.  

After obtaining the ranging results, the decision of 
which BS the MS is going to handoff can be made by 
either the MS or the serving BS. The basic procedure of 
handoff is illustrated in Figure 1. It shows that the 
serving BS sends “handoff (HO) notification” to two 
target BSs after receiving the handoff request initiated 
by MS. And the serving BS selects a target BS and 
sends the “HO response” to MS after receiving the “HO 
notification response” messages sent by target BSs. 

 

MOB_MSHO-REQ

HO notification

HO notification

HO notification-RSP

HO notification-RSP

MOB_HO-RSP

MOB_HO-IND

DL Sync parameters (DL and UL parameters with DCD/UCD)

HO-confirm

Contention resolution

RNG_RSP (Success)

RNG_REQ (Serving BSID)

Figure 1  The message sequence chart of handoff in  

802.16e 

 

2.2 Fast Mobile IPv6 

The basic idea of fast mobile IPv6 is to allow some 
procedure of IP mobility to be processed in an earlier 
stage. Mainly, the mobility procedure of IP layer can be 
divided into two steps: The first one is to get the care of 
address (CoA) and the second one is to register the 
obtained CoA at home agent and correspondent node 
(CN) (if route optimization is required). The fast mobile 
IPv6 is to assist the mobile node to get its CoA before 
the initiation of handoff. There are two possible 
scenarios, named as predictive mode and reactive mode, 
as shown in Figure 2 and 3, for fast mobile IPv6 
depending on whether the MS can connect to its 
previous access router (PAR) or not when sending the 
fast binding update (FBU) message. The reactive mode 
(i.e. the FBU message can not be reached PAR and shall 
be tunneled to the next access router (NAR)) happened 
when MS is moving fast. It is noted that the 
disconnection interval existed when the mobile node 
disconnects the PAR and is waiting for NAP as shown 
in Figure 2 and 3. 
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Figure 2  The predictive mode fast MIPv6 

 

 
Figure 3  The reactive mode fast MIPv6 

 

In order to achieve the complete handoff procedure, 
a direct way is to overlay the handoff procedure of layer 
2 over layer 3 [4]. However, it can be found that this 
scheme requires procedure of layer 3 to be performed 
after that of layer 2, the duration of disconnection time 
increases. 

 
3: Cross Layer Design for L2 and L3 
Handoff 
 

In order to improve the handoff delay of IP over 
802.16e environment, we propose the cross layer 
handoff scheme (CLHS) to integrate the correlated 
messages of 802.16e and fast MIPv6. We analyze the 
message flow sequences and the message formats of 
802.16e and fast MIPv6 firstly. Our purpose is to 
examine the correlation between these two procedures 
and to minimize the control flow. We found that some 
L3 handoff information can be integrated with the 
MOB_HO_IND message and RNG_REQ message of 
802.16e because they have the same semantic 
characteristics during performing the handoff. The main 
reason is that when the MS decides to handoff, its target 
BS shall have already been determined when the MS 
sends the MOB_HO_IND. And the FBU message of 
fast MIPv6 is to inform its AR for the initiation of layer 
3 handoff. It is reasonable to send the FBU together 
with MOB_HO_IND. Therefore, we modify the original 
MOB_HO_IND message to include FBU as a new 
message “FBU-MOB_HO-IND” and is specified Table 
1. Basically, we adopt one bit from the reserved 6 bits 
of original layer 2 MOB_HO_IND message to indicate 
the enable and disable of FBU capability in layer 3. 
When the serving BS receives the FBU-MOB_HO-IND 
message with FBU bit set, it, in stead of MS, will send 
FBU message to PAR. Thus, this arrangement can 
guarantee the information of FBU and MOB_HO_IND 
can be sent together. Either these two information can 
be sent successfully or falsely. If the handoff of layer 2 
and 3 can be coincident, the overhead to deal with the 
inconsistence will be reduced. Based on the same 
concept, the procedure of reactive mode shall also be 
modified. We found that there are 8 reserved bits in the 
RNG_REQ message of 802.16e and it can be applied to 
inform the FNA information used in fast MIPv6 when it 
is in reactive mode. Hence we modified the RNG_REQ 
message to become the FNA_ RNG_REQ message as 
specified in Table 2. 

 
Table 1  FBU_MOB_HO-IND message format 

Syntax Size Notes 
Management 

Message Type 
8 bits Value = 59 

FBU 1 bit 0b00: 
 FBU disable 
0b01: 
 FBU enable 

Reserved 5 bits Reserved; 
shall be set to zero 

Mode 2 bits 0b00: 
HO 

0b01: 
MDHO/FBSS: Anchor 

BS update 
0b10: 
MDHO/FBSS: Diversity 

Set update 
0b11: 
Reserved 

… … The other detail is 
abridged 
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Table 2  FNA_ RNG_REQ message format 
Syntax Size Notes 

Management 
Message Type 

8 bits Value = 4 

Predictive FNA bit 1 bit Predictive FNA 
Reactive FNA bit 1 bit Reactive FNA 

Reserved 6 bits Shall be set to zero 
TLV Encoded 
Information 

variable TLV specific 

 
In addition to modifying these two messages, we 

make a little modification and combining on the 
message of neighbor advertisement in layer 3 and the 
message of ranging request in layer 2. The 
“MOB_NBR_ADV” message is periodically sent by the 
BS and its function is similar to the “PrRtAdv” message 
in fast MIPv6. So, these two periodical advertisement 
messages can be combined together. And the original 
fast binding acknowledgement message, FBack, is 
applied to inform the status of the configuration of CoA. 
We combine the “FBack” of fast MIPv6 and the “Fast 
Ranging IE” to be sent by the target BS such that the 
MS can be informed that the next CoA is valid. The 
proposed scheme is suitable to be applied either the BS 
and AR are separated or integrated together. The 
message sequence chart of the proposed CLHS with 
predictive mode for the cases of separated BS/AR and 
integrated BS/AR are shown in Figure 4 and 5, 
respectively. It shall also be noted that the proposed 
scheme can satisfy both of the reactive mode and the 
predictive mode because both conditions are considered 
in our scheme. 

 
Figure 4  Predictive CLHS with separated BS/AR 

 

 
Figure 5  Predictive CLHS with integrated BS/AR 
 

4: Performance Simulations 
 

The performance of the proposed scheme is 
examined through exhaustive simulations. A network 
topology with 7 base stations, as shown in Figure 6, is 
applied for simulation. In our simulation model, each 
base station has 4 circles, which denote different 
channel conditions. From the inner circle to the most 
outside circle, the channel condition is assumed to be 
getting worse. We assume that each MS will always 
select the BS with the best channel condition. For 
example, if a MS is moving as shown in Figure 6, the 
MS will decide to handoff from BS 3 to BS 7 because 
the MS will be in the second circle of BS 7 after 
movement and the channel condition with BS 7 will be 
better than that of BS 3, which is located at the forth 
circle. The mobility model of each MS is assumed to be 
with random way point [6]. The speed of each MS is 
uniformly distributed between 0~120 K Meters/hour. If 
the speed is 0, it means that the MS stops within that 
interval (halt duration). And the halt time is 
exponentially distributed with mean 15 seconds while 
within the ranges of 3 seconds and 30 seconds. The 
transmission delay between base stations is 5 ms. It is 
assumed that the moving area of mobile station is 
confined by the outer rectangular and only the handoff 
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behaviors occurred inside the inner rectangular are 
taken into consideration for simulation results. 

MS

Figure 6  Simulation topology 
 
The simulation results are divided into two parts. 

The first part is mainly related to the handoff latency 
and the second part is related to the blocking rates of 
handoff for the proposed scheme and the scheme 
proposed in [4]. If handoff is blocked, the mobile 
stations need follow the normal procedure to enter 
network of target BS. 

Figure 7 compares the handoff delay of the proposed 
CLHS and the fast handoff for 802.16e (FH802.16e) 
scheme proposed in [4]. It is noted that the delay time is 
mainly dependent to the number of messages to be 
processed in our simulation and the message shall be 
processed within the duration of an 802.16e frame and 
will be response to its peer in the following frame. We 
did not consider the processing overhead of BS in our 
simulations. Hence it is found that the delay time is 
insensitive to the number of mobile stations. However, 
the handoff latency of our scheme is less than that of 
FH802.16e. The reason is that our scheme needs less 
number of messages than that of FH802.16e when 
performing handoff. Figure 8 shows the handoff delay 
time versus the frame duration. Frame duration means 
the time between the beginning of a MAC frame and the 
end of that frame . It indicates that the delay time 
increases as the frame duration increases. The main 
reason is that the resource utilization of current frame is 
scheduled in advance (prior to current frame) and BS 
can only reply the received message at the next frame. 
And the response time is lengthened as the frame 
duration increases. Although the delay time of the 
proposed scheme also increases with respect to the 
frame duration, our scheme is still superior to that of 
FH802.16e. 
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Figure 7  Handoff delay v.s. number of MS 
 

Frame Duration and Handoff Delay
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Figure 8  Handoff delay v.s. frame duration 
 

The blocking and success rates of handoff versus 
number of number of mobile stations for CLHS and 
FH802.16e are depicted in Figure 9 and 10, the sum of 
the two value should be 100% , respectively. Here we 
assume the frame duration is 20ms, and the MS capacity 
of each BS is 20. If the MS can not receive the handoff 
response, the number of retries is 3 and the retry interval 
is 200ms. The reactive mode for both schemes has less 
success handoff ratio than that of predictive mode. And 
it also shows that there is no significant difference 
between these two schemes. And The main reason is 
that the difference between these two schemes is the 
number of message, which mainly affects the 
performance of handoff delay not the network capacity. 
We believe the capacity of BS is the main criteria that 
affect the blocking rate. 
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Figure 9  Handoff blocking rates v.s. number of MS 
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 Figure 10  Handoff success rates v.s. number of MS 
 
5: Conclusions 
 

In this paper, we propose an integrated layer 2 and 
layer 3 handoff scheme based on the concept of cross 
layer. The cross layer design is performed by the 
consideration of correlation between layer 2 and 3. Our 
main contribution in this paper is to combine the L2 and 
L3 handoff message smoothly so that the total number 
of control message can be reduced. And after the 
integration, as some handoff events of layer 2 and layer 
3, such as periodical advertisement (PrRtAdv and 
MOB_NBR_ADV), handoff initiation (FBU and 
MOB_HO_IND, FNA and RNG_REG), are sent 
together such that the handoff of layer 2 and layer 3 can 
be more synchronized. In addition, we compare our 
scheme with previous scheme through exhaustive 
simulations and found that the hand off delay of our 
scheme is superior to that of the other scheme. In this 
paper, we do not consider the selection mechanism of an 
appropriate BS and the avoidance of connection 
oscillation between base stations during handoff. These 
issue is important especially when the connection with 
quality of service (QoS) is considered. Future research 
may extend the concept of cross layer to cover the 
complete handoff procedure and to dynamically adjust 

the frame duration so that the optimal network 
throughput and handoff performance can be achieved. 
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