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Abstract: 4G network is a network of emerging various networks such as CDMA2000, Wireless LAN and 
WCDMA into all IP-based networks that will make it globally available. 4G technology is a very complex 
technology of integrating different new techniques, and 4G services for a higher speed wireless internet 
access. In the near future, wide variety of wireless networks will be merged into the internet and allow users 
to continue their application with higher degree of mobility. In such environment, wireless mobile internet 
that are anticipated to deliver service to a mobile terminal “anywhere at anytime”, which further requires an 
efficient handoff. Whereas conventional handoff techniques support single connection terminals that operate 
within a homogeneous network, 4G wireless systems promise to support terminals with multiple 
connections carrying different types of traffic, with varying quality of service constraints, which may 
handoff between different tiers of the same network, or between different types of networks. In this paper, 
new handoff techniques are proposed to support wireless mobile internet with quality of service constraints 
within 4G wireless systems. This proposal will include handoff architecture and algorithm which try to 
combine cellular network for uplink traffic services and 802.11b Wi-Fi network for downlink traffic service 
during and after handoff according to internet characteristics which uplink traffic services is one of fourth of 
downlink traffic service. 
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1 Introduction 
The exact specifications for the 4th generation 
have not yet been specified, but the recent trend 
is that various interface techniques, such as 
WLAN, Bluetooth, UMTS, and CDMA2000, are 
integrated into IP-based networks as an overlay 
structure [7]. In this structure, the optimum 
services are provided to mobile hosts. Mobile 
hosts in this structure can be connected to the 
network through various access points. 
Moreover, a seamless handoff should also be 
supported between different air interface 
techniques during inter-network movement.  
 
Wireless mobile internet networks will consist of 
several overlapping tiers: satellite, macro, micro 
and pico-cellular segments [13]. Each network 
has its own characteristics such as geographic 
coverage and data rate supporting. The main 
important character of the tiered wireless mobile 
internet networks is that several networks’ 
coverage can be overlapped. The same user can 
be under the coverage of several kinds of 
networks at the same time. This paper describes 
an architecture and algorithm that are able to 
provide uplink and downlink traffic services by 
different wireless access networks. The solution 
is based on a common core network that 
interconnects access points of various wireless 
access points. A mobile host can apply multiple 

different access networks simultaneously to 
increase capacity or efficiency.  
 
4G networks is a combination of various wireless 
access networks. To combine different wireless 
access networks for 4G is to combine different 
techniques that is including Mobile IP and 
cellular IP integration [1, 8, 10-11], fast handoff 
[2], mobility management for all-IP networks[13], 
end-to-end Multi-path[3,9] and routing 
optimization [12].  However, this paper will only 
concentrate on handoff issue for the 4th 
generation network.  Here, we proposed a novel 
architecture and algorithm which will provide 
uplink and downlink traffic services using two 
different networks.  
 
This paper is structured as follows.  In section 2 we 
introduce the handoff architecture for 4G wireless 
mobile internet based on IP networks.  Following this, 
in section 3, we present the proposed algorithm and 
finally section 4 is the conclusion and suggestions for 
future work. 

2  HANDOFF ARCHITECTURE FOR 4G 
WIRELESS MOBILE INTERNET BASED ON 
ALL-IP NETWORKS  

In this paper, an IP-based handoff architecture 
using mobile IP, as in Figure 1, is used.  The 
mobile host has a multi-mode card that can 
access the WLAN (such as 802.11b) and cellular 
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(such as CDMA2000) networks.  Their 
hierarchical foreign agents and multi-path 
structure used is shown in Figure 2.  For 
conventional handoff techniques, the criteria that 
select the initial mode in mobile host are the 
radio link quality, data rate, service type, speed 
of mobile host, and capacity of cellular network. 
If its data rate is low and fast moving, then the 
mobile host can select the CDMA2000 network. 
For high data rates, then the WLAN is selected. 
For accessing the internet, we know that the 
uplink and downlink traffics are not balance.  
Normally, user prefers a wider downlink 
frequency than the uplink.  Here our goal is to 
use the combination of cellular network for 
uplink traffic services and WLAN network for 
downlink traffic services to provide an efficient 
application for mobile user to access the internet.  
 
In figure 1, structured mobility anchor point 
(MAP) can offer a mobile node (MN) seamless 
mobility when it moves from MAP2 to MAP3 
while communicating with a corresponding node 
(CN). In this approach, different mechanisms and 
protocols can handle authentication, billing and 
mobility management in the cellular and 802.11 
portions of the network [4-7].  When an MN 
enters a new foreign subnetwork, it first acquires 
a new physical care-of address (PCoA) by means 
of address autoconfiguration, in which the MN 
uses it as the source address for all datagrams 
that it sends.  The MN will also register a unique 
virtual care-of address (VCoA) with a home 
agent (HA) and CN for each level of the 
hierarchy.  It all starts when the MN receives a 
router advertisement with the mobility 
information option that contains a new hierarchy, 
in which it will send a binding update. That 
binding update binds its PCoA to its lowest 
VCoA (i.e. at the lowest MAP).  After that the 
lowest MAP will send a surrogate binding 
update to the next higher MAP.  That binding 
forms a binding between the VCoAs of the 
mobile node in the MAPs hierarchy.  This 
continues until the highest MAP receives a 
surrogate binding update when it will check 
whether that MN is allowed to use the network 
and finally sends a binding acknowledgement to 
the next lower MAP. These surrogate 
acknowledgements are sent until the lowest MAP 
receives one. Then the lowest MAP sends 
acknowledgement to the MN.  In figure 2, mobile 
node sends binding update to the MAP2, which 
is the lowest MAP (VCoA2→PCoA).  MAP2 
sends a surrogate binding update to MAP1 
(VCoA1→VCoA2).  MAP1 is the highest MAP 
and it processes the authentication header of the 
original binding update and authenticates the 
mobile node.  In figure 1 and figure 2, multiple 
paths are maintained while mobile node transits 
the overlapping area of two adjacent cells, 
keeping connections for both cells.  To avoid 
drastic quality degradation and stream 

disruptions, Yi Pan et al. [9] proposed a scheme 
that reduces packet loss and maintains high 
throughput during handoffs by transmitting 
packets on multiple paths.  Meanwhile, high 
throughput is maintained by exploiting all the 
available bandwidth on multiple paths.  To allow 
a source  node to be able to maintain multiple 
paths simultaneously, mobile IP simultaneous 
binding [10, 11] and route optimization option 
[12] are used.  Simultaneous binding option 
allows a mobile node to simultaneously register 
multiple CoAs, and route optimization option 
allows the sender to be always informed of the 
CoA registration directly form the receiver.   
 

 
Figure 1. 4G wireless mobile internet handoff 

architecture based on  IP 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Hierarchical foreign agents and multi-
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3. HANDOFF ALGORITHM AND ANALYSIS  
Based on our architecture, we proposed a 4G 
mobile control handoff algorithm showed in 
figure 3. In our proposal, we hope that the MN 
request with go through the first connection (MN 
→ MAP2 → MAP1 →  CN) and the reply from the 
second connection (CN →  MAP1 → MAP3 →  
MN) showed in figure 2.  In order to implement 
this, path management is needed to distribute 
different task by different path based on different 
bandwidth.  In order to realize this function, a 
cache is configured in MAP1 which is used for 
bandwidth option.  When a mobile node send a 
request out, it travels from mobile node to MAP2 
to MAP1 and finally reach the CN.  A reply from 
CN will have to come into MAP1.  In MAP1, the 
reply needs to be rerouted.  There is a database in 
the cache of MAP1, which include the mobile 
node ID.  It will go into MAP3 but not to MAP2 
after comparing the mobile node ID if it is the 
same mobile node.  As a result, a more effective 
use of the available bandwidth can be realized 
which result in achieving a higher speed data 
rate connection.   
 
 When the mobile node serving in the cellular 
network region enters the WLAN service region, 
it connects to the network (in our case the 802.11 
network).  In this case, handoff  happen between 
cellular network and WLAN network. For our 
proposed handoff algorithm showed in figure 3 
based on three novel idea: (i) the handoff point is 
not a critical factor, because the cellular network 
overlaid the 802.11 region; (ii) multi-path is used 
for both networks; (iii) bandwidth optimization, 
which try to combine cellular network for uplink 
traffic services and 802.11b Wi-Fi network for 
downlink traffic service during and after handoff 
according to internet characteristics which uplink 
traffic services is one of fourth of downlink traffic 
service.  
 
 In our proposed algorithm, the mobile node 
receives a beacon signal from the access point 
through activating the 802.11 card.  If the mobile 
node receives an agent advertisement message 
from the MAP3, it sends a handoff ready request 
message to the MAP2 which is the currently 
serving cellular network.  Then the MAP1 
transmits in-bound packets to the MAP3.  After 
that, the mobile node checks the received beacon 
signals continuously to determine whether to 
handoff or not.  If the conditions for the handoff 
are satisfied, then the handoff procedure is 
performed.  At this point, the mobile node 
requests to keep the channel that is currently 
allocated to the cellular network and transmits a 
reassociation request message to the access point 
in the WLAN.  So two connections are used by 
the mobile node.  From now on, the mobile node 
communicates with both networks. i.e. the 802.11  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3. 4G Handoff  Algorithm 
 
when a mobile node enters 802.11 region it gets 
an advertisement from access point and try to 
measure the signal strength in order to get a best 
access point for service, this is the fist step of our 
proposed handoff algorithm showed in figure 3. 
In the mobile controlled handoff algorithm the 
signal strength measurements are taken by the 
mobile device, as indicated by step two in figure 
3. if a candidate access point having better signal  
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strength is detected then the handoff execution 
process is initiated. Since mobile controlled 
handoff is scalable and more distributed, it can 
continuously monitor signal strength 
measurements. A handoff adapter object located 
at the mobile device drives handoff execution. 
Mobile controlled handoff is executed as a 
forward, soft handoff. To accomplish soft 
handoff and select a best access point, the mobile 
device can simultaneously receives data from 
multiple access point, but handoff only can be 
taken place at one access point, so a best AP is 
selected by step three in figure 3. It is similar 
with other handoff procedure after selected a 
best AP, that is registration and setting up a 
connectivity, and then transfer parameter in 
order that a new data path can be setup by step 
4,5 ,6and 7 in figure 3. 
 
 Handoff notice by step 8 in figure 3 is different 
from traditional handoff procedure, since old 
data path will be kept continuously, so path 
management is needed by step 9 in figure 3 in 
order that to make sure multiple path can service 
for the seam mobile device. Actually, they are 
two data path distributed both of WLAN and 
cellular network serving the seam mobile device 
by sending request and getting reply from both 
network based on their own characteristics which 
is the different bandwidth. Since WLAN have 
more wide bandwidth with cellular network, and 
the internet characteristics is that reply could 
need more wide bandwidth with request. 
Consequently, bandwidth selected by last step in 
figure 3 should be necessary. Thus our algorithm 
has been optimized bandwidth to increase data 
transmission. 

4. Conclusion 
In this paper, we presented a heterogeneous IP-based 
wireless access network handoff architecture and 
algorithm that supports uplink and downlink traffic 
services with different bandwidth. This IP-based 
network uses the Internet standard, hierarchical mobile 
IP to support mobility of mobile nodes. We also 
illustrated the issues in the integration of cellular 
networks with 802.11 such as WLAN, and a multi-
path handoff scheme. And then we proposed a  
seamless vertical handoff architecture and effective 
handoff algorithm for the handoff transition region 
to simultaneously support sending request from 
cellular network link and getting reply from WLAN 
link.  It provides two end-to-end mobility supports 
to utilize disparity of available bandwidths in 
wireless cells improving system capacity and 
getting transmission efficiency. For future work, the 
performance of the proposed architecture and 
algorithm will also be evaluated through 
simulations. Cost of the proposed scheme will be 
also carefully evaluated in terms of transmission 
efficiency. 
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