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Abstract—Mobile IP (MIP) suffers from the so-called triangular 

routing problem. Moreover, MIP Home Agent (HA) tends to 

undergo server data traffic load, since it should deliver all the 

data packets toward mobile nodes. This Paper proposes a 

simple extension of MIP, called Query-based MIP (QMIP), in 

which the binding query to HA will be used to get the care-of 

address of a mobile node and to deliver the subsequent data 

packets over the optimized data path. The proposed QMIP 

scheme can be applied to MIPv4 and Proxy MIPv6 as well. By 

analysis, we show that the QMIP can reduce the overall 

transmission delays of data packets to mobile nodes, compared 

to the MIP. 
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I. INTRODUCTION 

The Mobile IP (MIP) was designed to support IP mobility 

[1], However, it suffers from the well-known ‘triangular 

routing’ problem, in which Correspondent Node (CN) should 

transmit data packets to Mobile Node (MN) via Home Agent 

(HA) over a non-optimized data path, until the route 

optimization is additionally performed between CN and MN. 

Another crucial concern of MIP is the excessive data traffic 

load at HA, since all the data packets from CNs toward MNs 

should be delivered by way of HA. Such overhead at HA 

will become much severe, as the number of MNs increases in 

the network. 

This paper proposes a simple extension of MIPv4, called 

Query-based MIPv4 (QMIPv4), in which AR will perform 

the binding query to HA, so as to get the Care-of Address 

(CoA) of MN and to deliver all the subsequent data packets 

over the optimized data path. For this purpose, we define the 

two new messages: Binding Query Request and Binding 

Query Reply. 

The proposed QMIP scheme can also be applied to the 

Proxy MIPv6 (PMIPv6) [2], rather than MIPv6 [3], since 

PMIPv6 has the similar structure with MIPv4. We will first 

present QMIPv4, and then discuss Query-based PMIPv6. 

 

 

II. QUERY-BASED MIPV4 

A. Data Transmission with Binding Query 

We consider a simple network model for QMIPv4, as 

depicted in Figure. 1. In the figure, MN performs the MIPv4 

registration (or binding update), and then CN tries to 

communicate with MN. The AR has own Query Cache (QC) 

table. This QC table will be referred to by AR to identify the 

CoA of MN. 

Now, CN transmits data packets to MN over Home Address 

(HoA) of MN. On reception of the first data packet destined to 

MN, the AR will first look for CoA of MN in its QC table. If 

the corresponding CoA is found in the table (we call it Cache 

Hit), AR will deliver the data packet directly to MN by using 

the IP-in-IP tunneling. Otherwise, if the CoA is not found (we 

call it Cache Miss), the AR will send a Binding Query Request 

message to HA so as to get the CoA. Then, HA responds with a 

Binding Query Reply message (containing CoA of MN) to AR. 

The resulting information of mapping between HoA and CoA 

of MN will be recorded into the QC table of AR, which will be 

referred to by AR in the subsequent data transmissions to MN. 

 

 

 
 

Figure 1.  Network model for QMIPv4 

 



B. Comparison with MIPv4 

Figure.2 compares the information flows of MIPv4 and 

QMIPv4. In MIPv4, MN will perform the registration with 

HA. All the data packets transmitted by CN will be 

forwarded to HA and delivered by HA to MN using the IP-

in-IP tunneling, whereas MN will transmit its data packets 

directly to CN, and hence the triangular routing occurs. Just 

after the route optimization, CN can use the optimized path 

for data delivery to MN. 

 

 (a) MIPv4 

 

 
(b) QMIPv4 

 

Figure 2.  Network model for QMIPv4 

 

The proposed QMIPv4 is the same with MIPv4, other than 

the binding query operation with HA. When the first data 

packet from CN, AR will search for the corresponding CoA 

of MN in its QC table. In case of Cache Hit that the CoA is 

found in the table, AR can transmit the data packet directly 

to MN over the optimized path. However, in case of Cache 

Miss, AR should perform the binding query to HA. After this, 

all the subsequent data packets will be delivered to MN over 

the optimized route, without further binding query operations. 

Note that in MIPv4 the data transport between MN and 

CN will be done over the optimized route, just after the route 

optimization is completed, whereas the proposed QMIPv4 

can intrinsically realize the route optimization with a single 

binding query operation. Moreover, in QMIPv4, Cache Hit 

may occur even for the first data packet of CN (i.e., the 

binding query operation can be omitted), if another CN in the 

same AR region is already communicating with the identical 

MN at that time. 

With the data transport over the optimized path, QMIPv4 

can reduce the transmission delays of data packets, compared 

to MIPv4. In addition, QMIPv4 can avoid the problem of the 

excessive data traffic load at HA, since the data transmission to 

MN will be performed by the concerned AR, instead of HA, in 

the distributed manner. 

 

C. New Messages for QMIPv4 

To support the QMIPv4, the two messages need to be newly 

defined: Binding Query Request (from AR to HA) and Binding 

Query Reply (from HA to AR). These messages can be defined 

in the similar format with the MIP registration request/reply 

messages, as shown in Figure. 3. 

As shown in the figure, the Binding Query Request message 

contains the information on HA and HoA of MN, whereas the 

Binding Query Reply message additionally includes CoA of 

MN. The specific types of messages are for further study. 

 

 

 
 

(a) Binding Query Request 
 

 
 

(a) Binding Query Reply 
 

Figure 3.  Binding Query messages for QMIPv4 

 

D. Considerations of Query-based Proxy MIPv6 

The Query-based MIP scheme can also be applied to the 

Proxy MIPv6. In this case, the PMIPv6 Mobile Access 

Gateway will function as the QMIPv4 AR and/or FA, and the 

PMIPv6 Localized Mobility Agent acts as the QMIPv4 HA. In 

addition, the PMIPv6 Proxy Binding Update messages may 

need to be extended to support the binding query operation. 

Details of the Query-based PMIPv6 are for further study. 

 

 



III.  PERFORMANCE ANALYSIS 

A. Analysis 

As the performance metrics, we can consider the 

transmission delay of data packets and the message overhead 

by the binding query. However, the message overhead seems 

to be negligible in the viewpoint of performance, since only a 

single binding query operation will be required for each MN. 

Thus, we focus on the analysis of data transmission delays of 

data packets flowing from CN to MN for both MIPv4 and 

QMIPv4. 

For analysis, let us denote TDMIP and TDQMIP by the 

overall transmission delays of data packets from CN to MN 

for MIPv4 and QMIPv4, respectively. In addition, we define 

the packet transmission times between two nodes as follows 

(it is assumed that the transmission times are symmetric): 

 

� TAR-HA: packet transmission time between AR and HA 

� THA-FA: packet transmission time between HA and FA 

� TAR-FA: packet transmission time between AR and FA 

 

On the other hand, we may consider the node processing 

time at HA and AR to handle the lookup of table/cache 

entries and the IP-in-IP tunneling in MIPv4 and QMIPv4. 

However, we assume that those node processing delays are 

almost identical at HA and AR, even though the node 

processing delay at HA will be larger than that at AR, since 

HA has much more table entries than AR. 

Now, we consider a general case that MN moves into an 

FA region, other than AR or HA. In MIPv4, the overall data 

transmission delay (TDMIP) for each of data packets can be 

expressed as: 

 

TDMIP = TAR-HA + THA-FA          (1) 

 

In QMIPv4, for the first data packet, the data transmission 

delay with Cache Miss (TDQMIP-CM) includes the time 

required for binding query between CN and HA (2 TCN-HA) 

and the data transmission from CN to FA (TCN-FA). Thus, we 

get 

TDQMIP-CM = 2 TAR-HA + TAR-FA       (2) 

 

For the second and further data packets, the binding query 

operation is not required, and thus the overall data 

transmission delay with Cache Hit (TDQMIP-CH) can be 

obtained as 

TDQMIP -CH = TAR-FA           (3) 

 

From the equations (1)-(3), we can get a generalized result 

on overall transmission delays of data packets, as shown in 

Figure.4. In the figure it is assumed that TAR-FA is smaller 

than TAR-HA + THA-FA. 

 

With the above results, we now consider the following 

two extreme cases: 

 

Case 1: MN stays in the HA region; 

Case 2: MN is in the same AR region with CN. 

 

 
 

Figure 4.  Data transmission delays of MIPv4 and QMIPv4 

 

In Case (1) that MN is in the home network, we get THA-FA = 

0 and TAR-HA = TAR-FA. Thus, the overall transmission delays 

can be expressed as 

 

TDMIP = TAR-HA         (1-1) 

 

TDQMIP-CM = 3 TAR-HA       (2-1) 

 

TDQMIP-CH = TAR-HA       (3-1) 

 

From these results, we see that QMIPv4 gives the same 

transmission delay with MIPv4 in the Cache Hit case. However, 

QMIPv4 may provide larger transmission delay than MIPv4 in 

the Cache Miss case (for the first data packet). 

In Case (2) that MN is in the same AR region with CN, we 

get TAR-FA = 0 and TAR-HA = THA-FA. The overall transmission 

delays for MIPv4 and QMIPv4 will be 

 

TDMIP = 2 TAR-HA     (1-2) 

 

TDQMIP-CM = 2 TAR-HA  (2-2) 

 

TDQMIP-CH = 0    (3-2) 

 

From the above equations, we see that QMIPv4 gives the 

same transmission delay with MIPv4 even in the Cache Miss 

case. Moreover, QMIPv4 can provide zero transmission delay 

in the Cache Miss case. 

In summary, we see that QMIPv4 can provide much smaller 

data transmission delays than MIPv4 for all the data packets 

other than the first data packet. In particular, when MN is in the 

same AR region with CN, the data transmission delay will 

become nearly zero, as shown in equation (3-2). This benefit 

comes from the optimized data path that is configured by using 

the binding query operation and the resulting Query Cache. 

 

 

 



B. NS-2 Simulation Results 

We now compare the existing MIPv4 scheme and the 

proposed QMIPv4 scheme in the performance perspective. 

To compare the performance, we employ the network 

simulator-2 [4] for the test network, as shown in Figure 5.  

 

 

 
 

Figure 5.  Simulation topology 

 

 
 

Figure 6.  Example of simulations  

 

Figure 6 shows a topology performed in our simulation. 

We will show the packet delivery times of the candidate 

schemes for the simulation topology by using NS/NAM, in 

which Node 4 reprersents CN, and Node 0 does AR, Node 1 

is HA, Node 2 and 3 are FA, Node 5 is MN. 

The proposed QMIPv4 perform the route optimization by 

sending a query message to the Home Agent, before data 

packet delivery. It is expected that the QMIPv4 gives a short 

packet delivery time, since it uses an optimized path, 

whereas the exisitng MIPv4 will not perform the route 

optimization in the initial phase. 

Figure 7 shows the packet delivery time for the QMIPv4 

and MIPv4 schemes. From the figure, we can see that 

QMIPv4 shows a higher performance more than the MIPv4 

scheme, and also that the gap of performance gets larger as the 

number of packets increases. 

 

 

 
 

Figure 7.  Packet delivery time of MIPv4 and QMIPv4 

 

We now investigate the performance of packet delivery time 

for different packet transmission delays. It is noted that the 

MIPv4 scheme tends to use a larger AR-HA or FA-HA path, 

compared to the proposed QMIPv4 scheme. Figure 8 shows the 

packet delivery times of the candidate schemes for different 

AR-HA delivery time. 

 

 
 

Figure 8.  Packet delivery time with AR-HA delay time 

From the figure 8, it is shown that the proposed QMIP 

scheme smaller packet delivery times than the existing MIPv4 

scheme for all cases. Moreover, the gap of packet delivery time 

gets larger, as the AR-HA delay increases. This is because the 

existing MIPv4 is quite influenced by the AR-HA path delay, 

since all data packets are delivered over the concerned path. 

In addition, we evaluate the performances of the candidate 

schemes by packet loss rates in the wireless networks. For this 

purpose, we measured the packet sequence number of the 

packets delivered over simulation period, for different packet 

loss rates, as shown in Figure 9. 

 

 



 
 

Figure 9.  Packet sequence number with pakcet loss rate over AR-HA 

From the figure, we can see that the proposed QMIP 

scheme much more packets than the existing MIP scheme for 

a given packet loss rate between AR and HA. This implies 

that the throughput of the proposed scheme is better than the 

existing scheme. It is also noted that the gap of throughputs 

gets larger, as the packet loss rate increases. 

 

In summary, Figure 10 shows the packet sequence number 

for each of the candidate schemes to compare the throughput 

performances over simulation period. 

 

 

Figure 10. Comparison of throughput over simulation time 

From the figure, we can see that the proposed QMIP 

scheme provides better throughput performance than the 

existing MIP scheme, and as the simulation time goes further 

the performance gain of the proposed scheme gets larger. 

 

IV. CONCLUSIONS 

This paper presents the Query-based MIP scheme that uses 

the binding query to HA so as to get the optimized data path. 

The proposed QMIP scheme can be applied to both MIPv4 

and PMIPv6. In QMIP, we can achieve much smaller 

transmission delay of data packets than MIP in the usual case.  

Moreover, the QMIP is helpful to avoid the excessive data 

traffic load at HA, since the data transmission to MN will be 

performed by AR in the network, instead of HA. 

For future works, we need to evaluate the performance of 

QMIP by numerical simulations and experimentations for a 

variety of test environments. In addition, we need to study how 

to support or extend the MIP fast handover [5] in the QMIP 

scheme. 
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