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Abstract—Cellular IP is a protocol for supporting micromobility 
of mobile hosts in a wireless access network. Cellular IP uses 
host-based-routing scheme to manage locations of mobile hosts. 
However, the traffic toward mobile hosts is stopped in case of 
link failures between Cellular IP nodes. For this reliability 
problem, basic Cellular IP uses beacon packets called "gateway 
broadcast packet", which are sent between long periods of time. 
And Cellular IP does not provide any specific route recovery 
methods toward mobile hosts. In this paper we propose basic 
frameworks for updating each mobile host's location information 
in case of link failures. We propose fast route recovery methods 
in three different aspects, "Route Recovery using Paging", 
"Network initiated Route Recovery", and "Mobile Initiated 
Route Recovery". We performed a simulation to compare three 
methods based on route recovery time, packet loss during route 
recovery and control packet overhead metrics. Although the 
second method is the fastest, nodes require some intelligence. The 
first and last methods are simple, but they depend on the 
protocol's timer values. 

Keywords; Cellular IP, reliability, route recovery, mobility 
managemetn, micromobility 

I.  INTRODUCTION 
A Hierarchical mobility management model is developed to 

reduce the signaling latency toward core network due to 
frequent migrations of mobile hosts between cells. Movements 
across subnetworks or administrative domains are handled by 
macromobility management protocols and movements within a 
subnetwork or an administrative domain are handled by 
micromobility management protocols. In the hierarchical 
mobility management model, Mobile IP is the current standard 

for supporting macromobility of mobile hosts [1]. 
Micromobility management protocols are mainly classified into 
two groups. The first group deals with tunneling based schemes 
based on hierarchical mobility agent structure of Mobile IP, 
which are now being standardized by IETF. The other group 
deals with host-based-routing schemes such as Cellular IP 
[2,3,4,5] and Handoff-Aware Wireless Access Internet 
Infrastructure (HAWAII) [6], which maintain their own 
forwarding tables for mobile hosts. While tunneling based 
schemes and HAWAII use expensive layer 3 routers in their 
access networks, Cellular IP can use layer 2 switches in the 
access network and provide simplicity and scalability. In 
ubiquitous network environments, these features of Cellular IP 
can provide quasi-adhoc access network environments for 
mobile hosts. Fig. 1 illustrates hierarchical mobility 
management model using Mobile IP as a macro level mobility 
management protocol and Cellular IP as a micro level mobility 
management protocol [2,4]. 

However, the traffic toward mobile hosts is lost in case of 
link failures between Cellular IP nodes for a long period. For 
this reliability problem, basic Cellular IP uses the beacon 
packet called a gateway broadcast packet. Cellular IP nodes in 
the access network can reconfigure or maintain their uplink 
neighbors as receiving beacon packets periodically [5]. Beacon 
packets are sent between long periods of time as shown in Fig. 
2. Also Cellular IP does not provide any specific methods for 
fast and dynamic recovery of routes toward mobile hosts. 
While HAWAII in the same category with Cellular IP using 
host-based-routing scheme for mobile hosts provides reliability 
within an access network with the help of underlying standard 
intra domain routing protocols such as Routing Information 
Protocol (RIP) and Open Shortest Path First (OSPF), simple 
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Figure 1. Cellular IP (a) Hierarchical mobility management model      
(b) Routing for a mobile host 
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Figure 2. Protocol timer value relationship based on Cellular IP proposal
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and fast route recovery methods for Cellular IP without the 
help of RIP or OSPF need to be developed to maintain design 
goals of Cellular IP, simplicity and cheap deployment of an 
access network. Also these can be applied to the link 
congestion conditions to change paths toward mobile hosts as 
fast as possible within Cellular IP access network. 

In this paper we propose basic frameworks for updating 
each mobile host’s location information in case of link failures. 
We propose fast route recovery methods in three different 
aspects. The three methods are “Route Recovery using 
Paging”, “Network Initiated Route Recovery”, and “Mobile 
Initiated Route Recovery”. We obtained a comparative study of 
the proposed three methods through ns-2 [7] simulation. 
Simulation results show that the proposed methods can be used 
for fast route recovery methods for an unreliable Cellular IP 
wireless access network. 

The paper is organized as follows. In section II, we present 
an overview and link failure problem of Cellular IP protocol. In 
section III, we describe the proposed three methods to resolve 
link reliability problem for the Cellular IP access network. In 
section IV, we present simulation results and analyze the 
experimental results by applying them to a simple access 
network model. Finally, we make conclusions. 

II. CELLULAR IP 

A. Overview of Celluar IP 
Cellular IP is a protocol for supporting micromobility of 

mobile hosts in a wireless access network, which provides 
packet routing, paging and semi-soft handoffs for mobile hosts. 
Cellular IP maintains distributed cache for location 
management and routing purposes. Distributed paging cache 
(PC) coarsely maintains the position of idle mobile hosts in a 
service area. Distributed routing cache (RC) maintains the 
position of active mobile hosts in the service area [2]. 

A Cellular IP node is configured with the only one uplink 
neighbor to forward packets from mobile hosts toward Cellular 
IP gateway as in Fig. 3 and has the downlink neighbor 
information in the cache to forward packets from Cellular IP 
gateway toward mobile hosts. This cache information is 
updated by route-update control packets issued by active 
mobile hosts periodically or when handoffs occur. RC is 
updated only by route-update packets and PC is updated by 
paging-update packets and route-update packets. So Cellular IP 

nodes are unaware of the network topology, and no centralized 
databases or other single points of failure exist. 

However, the traffic toward mobile hosts is lost in case of 
link failures between Cellular IP nodes for a long period of 
time. Because in this case downlink neighbor information for 
the mobile hosts in the route cache are expired and an uplink 
neighbor of the neighbor Cellular IP node is lost, traffic toward 
mobile hosts and route-update packets towards gateway are lost. 
In the next subsection we present this link failure problem in 
the Cellular IP access network. 

B. Link Failure between Cellular IP nodes 
As shown in Fig. 4, let’s consider the environment that the 

Cellular IP access network has such a logical tree and a mobile 
host receives data from a correspondent host (CH). For this 
operation the mobile host is in active state and the data packets 
from the CH are delivered through nodes A->B->C->D. In the 
case of link failure between the nodes B and C, as shown in Fig. 
4, node C loses its uplink neighbor and node B loses the 
downlink information for the mobile host. This results in 
packet loss during path recovery time. 

Since node C lost its uplink neighbor toward the gateway 
and it can not forward route-update packets which the mobile 
host sent toward the gateway, the nodes within Cellular IP 
access network fail to refresh or maintain the route toward the 
mobile host. After route-timeout interval route caches in the 
node A and B lose route information for the mobile host. Also 
after paging-timeout interval paging cashes in the node A and 
B lose their information for the mobile host. 

The mobile host will attempt to send route-update packets 
in every route-update-time interval toward the access network 
and after active-state-timeout interval the mobile host will be 
idle state because it can not receive data packets. Although the 
mobile host in idle state sends paging-update packets in every 
paging-update-time interval, the information for the mobile 
host in the paging caches of the nodes can not be updated due 
to the link failure between the nodes B and C. So the access 
network considers that the mobile host does not exist within the 
access network. The mobile host can not send and receive data 
packets to and from the CH despite active connections. 

To resolve this situation about link failure, a new logical 
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Figure 3. Cellular IP functional elements 



tree within the access network should be established. It means 
that the node C has to be configured with a new uplink 
neighbor other than the node B. After that, caches in the nodes 
within the access network can reestablish the location 
information, that is, the route information from the gateway 
toward the mobile host, by paging-update or route-update 
packets from the mobile host. 

For the route recovery for the mobile host, a node which 
lost its uplink neighbor should be configured with a new uplink 
neighbor through a process forming a new logical tree within 
the access network. For this reliability problem, basic Cellular 
IP uses the beacon packet called a gateway broadcast packet. 
Cellular IP nodes in the access network can reconfigure or 
maintain their uplink neighbors as receiving beacon packets 
periodically. Beacon packets are sent between long periods of 
time as shown in Fig. 2. Also Cellular IP does not provide any 
specific methods for fast and dynamic recovery of routes 
toward mobile hosts. While HAWAII in the same category 
with Cellular IP using host-based-routing scheme for mobile 
hosts provides reliability within an access network with the 
help of underlying standard intra domain routing protocols 
such as RIP and OSPF, simple and fast route recovery methods 
for Cellular IP without the help of RIP or OSPF need to be 
developed to maintain design goals of Cellular IP, simplicity 
and cheap deployment of an access network. Micromobility 
Management Protocol (MMP) [8,9,10,11] is an enhanced 
Cellular IP protocol including this reliability feature. But the 
details are not published. 

III. PROPOSED METHODS FOR ROUTE RECOVERY 
We propose efficient methods for updating each mobile 

host’s location information in case of link failures. We propose 
fast route recovery methods in three different aspects. The 
three methods are “Route Recovery using Paging”, “Network 
Initiated Route Recovery”, and “Mobile Initiated Route 
Recovery”. Fig. 5 and Fig. 6 shows a simple link failure model 
and three route recovery methods respectively. 

Since each node within Cellular IP access network is 
configured with the only one uplink neighbor, the access 
network can not recover route information for the mobile host 
immediately. For this we assume that each node within the 
access network can be configured with more than one uplink 

neighbor if it can be possible physically. Also we assume that 
an algorithm for uplink neighbor selection between available 
uplink neighbors exists to forward data or control packets from 
the mobile host toward the gateway. We used a simple random 
selection algorithm. It can be further enhanced for more 
intelligent selection, for example, to avoid link congestion 
condition. For simple illustrations we consider the access 
network model like in the Fig. 5. We assume the link failure 
between the nodes B and C after some normal operation period 
of time between the active mobile host and CH. 

A. Route Recovery using Paging 
In the first method, Cellular IP nodes can not receive route-

update packets during route-timeout interval (for protocol timer 
values in Fig. 2) the route information in the caches is expired. 
And thus Cellular IP gateway starts a paging process for the 
mobile host. When the mobile host receives a paging packet, it 
issues a route-update packet. Because Cellular IP nodes can 
reconfigure their uplink neighbors newly by receiving paging 
packets from the gateway, route-update packets can be 
forwarded toward the gateway and route information in each 
cache can be updated. 

Fig. 6(a) shows route recovery method using paging. In the 
figure the paging area is the whole access network because the 
gateway only has the PC. After link failure between the nodes 
A and B they can not receive route-update packets from the 
mobile host. After route-timeout interval the nodes loses route 
information for the mobile host in their caches. Then the node 
A (gateway) initiates paging process within the paging area. 
Since node E can receive paging packets from node D, node E 
can reconfigure its new uplink neighbor with the node D. The 
mobile host which received a paging packet can send a route-
update packet toward the access network and new route 
information is established in the access network for the mobile 
host. We used data packets as paging packets. Data packets for 
the mobile host are not queued in the gateway and all packets 
are used for paging packets until new route information is 
established within the access network. 

B. Network Initiated Route Recovery 
In the second method, the Cellular IP node detecting link 

failure can issue route-error packet, as we defined newly, 
toward the mobile host contained in the cache. Therefore the 
mobile host can detect link failure in the path and can issue 
route-update packet with reroute flag set, as we defined newly, 
toward gateway. 

Fig. 6(b) shows network initiated route recovery method. 
After link failure between nodes B and C, the node C can send 
route-error packet toward the mobile host and the mobile host 
can send route-update packet with reroute flag set toward the 
access network. Through this process node E can delete old 
uplink neighbor information for the mobile host and 
reconfigure its new uplink neighbor for the mobile host as the 
node D. So the node E can forward route-update packet to the 
node D and new route for the mobile host can be established 
within the access network. 

For this purpose route-error packet is newly defined and 
reroute flag is newly defined in the route-update packet. And if 
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the node E has more than one available uplink neighbors for 
the mobile host, a novel uplink neighbor selection algorithm is 
needed. In our illustration we assume a simple random 
selection algorithm. 

C. Mobile Initiated Route Recovery 
In the last method, a mobile host can initiate route recovery 

process. In case the mobile host can not receive any packet for 
some period of time during active connections, the mobile host 
requests route recovery toward access network by broadcasting 
route-update packet with reroute flag set. In this paper we used 
active-state-timeout value for this purpose. 

Fig. 6(c) shows mobile initiated route recovery method. 
When there are no data streams during open connections to the 
mobile host, the mobile host can send route-update packet with 
reroute flag set after active-state-timeout interval. And it will 
be go into the idle state. 

For this purpose we defined a new reroute flag in the route-
update packet like in the second method. Also like in the 
second method, an uplink neighbor selection algorithm to 
choose an optimal neighbor among available uplink neighbors 
for the mobile host and to filter wrong decisions of the mobile 
host is needed. In our illustration we assumed a simple random 
selection algorithm for the uplink selection. 

IV. PERFORMANCE EVALULATION 

A. Simulation Environment 
We performed a simulation to compare three methods 

based on route recovery time, packet loss during route recovery 
and control packet overhead metrics with varying link latency 
values using ns-2 and Columbia IP Micromobility Software 
(CIMS) [12], which are modified with our three route recovery 
methods. Fig. 7 shows route recovery in case of link failure for 
complex topology. For simplicity we used the simulation and 
analysis model as shown in Fig. 5 and shorter protocol timer 
values than that in Fig. 2. 

The link between CH and gateway is 10 Mbps duplex and 
has 10 ms delay. Each link between wired Cellular IP nodes is 
10 Mbps duplex. In each simulation the delay between wired 
Cellular IP nodes is varied with the values 0.002, 0.01, 0.03, 
0.04 and 0.05 s. We used Cellular IP protocol parameters in the 
CIMS package as shown in the Table I. 

TABLE I.  CELLULAR IP PROTOCOL PARAMETERS 

name value 

route-update-time 0.5 s 

route-timeout 1.5 s 

paging-update-time 3.0 s 

paging-timeout 10 s 

active-state-timeout 0.5 ~ 1.0 s 

 

Traffic flow from the CH to the mobile host is constant bit 
rate packets with 10 ms interval and 210 byte packet size. Each 
simulation is performed during 40 s. The traffic flow is started 
at the time 1 s and link failure between the node B and C is 
happened at the time 10 s. The initial route for the mobile host 
is A->B->C->E->F. 
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B. Results 
The simulation results as shown in Fig. 7, Fig. 8 and Fig. 9 

show that all three methods proposed can provide reliability to 
the Cellular IP wireless access network. Although the second 
method is the fastest as shown in Fig. 8(a), nodes require some 
intelligence to detect link failure. The first method depends on 
route-timeout value which determines the expiration of 
location information for a mobile host. The last method 
depends on active-state-timeout value. While the first and last 
methods depend on the protocol’s timer values they are simple 
and fast as compared to the basic Cellular IP. The first method 
is very simple, but it consumes much bandwidth due to paging 
packets according to the paging area size. All three methods 
can recover route for the mobile hosts faster than that of basic 
Cellular IP when a long period of time, as compared to the 
above protocol timer values, for the beacon packet broadcast in 
the access network is used. Basic Cellular IP does not specify 
any specific value for the beacon packet broadcast [5]. 

V. CONCLUSION 
In this paper we compared three methods in different 

aspects, gateway, network and mobile hosts to resolve route 
reliability problem within Cellular IP wireless access network 
without RIP or OSPF. We showed that the proposed methods 
can be used for the dynamic and fast route recovery 
mechanisms in the unreliable wireless access network such as 
Cellular IP access network which can have ad-hoc network 
features, through simple simulations. For further study to make 
our mechanisms more robust and to apply these to avoid link 
congestion within the access network, Cellular IP nodes need 
to have multiple uplink neighbors and an algorithm for 
intelligent selection among the available uplink neighbors. And 
caches need to maintain uplink neighbor information as well as 
downlink neighbor information for each mobile host. 
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