
 1

 
 
 
 

INDIAN INSTITUTE OF MANAGEMENT CALCUTTA 
 
 
 

WORKING PAPER SERIES 
 
 
 

WPS No. 671/ March 2011 
 
 
 

Efficient Management of Fast Handoff in Wireless Network Mobility (NEMO) 

 
 

by 
 
 

Avik Mitra 
Department of Information Technology, Jadavpur University. Kolkata, India 

 
 
 

Bhaskar Sardar 
Department of Information Technology, Jadavpur University, Kolkata, India 

 
 
 

& 
 
 

Debashis Saha  
Professor, IIM Calcutta, Joka, Diamond Harbour Road, Kolkata 700104, India 

 

 



 2

 

 

 

 

Efficient Management of Fast Handoff in 
Wireless Network Mobility (NEMO) 

By 

 

Avik Mitra 
Department of Information Technology, Jadavpur University,Kolkata, India 

avik.mitra2@gmail.com 

Bhaskar Sardar 
Department of Information Technology, Jadavpur University, Kolkata, India 

bhaskargit@yahoo.co.in 
 

& 

Debashis Saha 
MIS Group, IIM Calcutta, Kolkata, India 

ds@iimcal.ac.in 
 



 3

Efficient Management of Fast Handoff in 
Wireless Network Mobility (NEMO) 

 
 
 
 
 
 
Abstract— Fast handoff in network mobility (NEMO) is very crucial for providing 
uninterrupted Internet services to the users in quickly moving vehicles. However, the 
NEMO basic support (NBS) protocol takes comparatively long time to complete the 
handoff process resulting in large number of packet drops. In this paper, we propose 
fast NEMO (FNEMO) to reduce the handoff latency and packet losses experienced in 
NBS protocol. FNEMO brings in the concept of IP pre-fetching and advance-
registration to acquire care-of-address for the anticipated future cells.  Numerical 
analysis shows that FNEMO can support higher vehicle speed than that in fast MIPv6 
(FMIPv6) and still has significantly low signaling overhead. 
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I. INTRODUCTION 

In recent years, providing seamless Internet connectivity to the passengers of fast moving vehicles (e.g., 
trains, buses etc) has become an active research area [1]-[5]. A vehicle may contain a large number of mobile 
nodes (MN) forming a network. When the vehicle moves, all MNs in the network move as a single unit, which 
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Figure 3: Format of announcement packet 

B.2 Deregistration 
Once the MR has updated its HA, it then sends a deregistration packet to the PAR through CAR. The 

deregistration packet uses modified IPv6 type 2 routing header (Figure 4) [7]. The IP address of CAR is put in 
the options field so that the packet first visits the CAR and then goes to the PAR. The rest of the de-registration 
process follows normal deregistration procedure of the NBS protocol. 

 
Figure 4: Modified type 2 routing header 

B.3 IP pre-fetching and advance-registration 

When the deregistration process is completed, the CAR derives the FAR using the algorithm shown in 
Figure 5. The input to the algorithm is the coordinate of neighboring ARs and the output is the coordinate of the 
FAR. So, the CAR can easily find out the IP address of FAR from table of binding (Assumption 4 in Section 
IIIA). Then, the CAR sends a packet to the FAR requesting for CoA allocation. The format of the packet is same 
as HI packet [9] and uses a new one-bit field M and a new option where necessary information for registration is 
included to perform advance registration (Figure 6). If M=0, it indicates that the packet is sent from the CAR on 
behalf of the MR. If M=1, it indicates that the packet is sent by the MR. The reply from the FAR contains the 
assigned CoA. The format of the reply follows the format of HAck [9] and uses a new one-bit field M (Figure 
7). The value of M is copied from the CoA request packet (Figure 6). Then, the CAR forwards the allocated 
CoA to the MR (Figure 8), which sets it as FCoA2. For this purpose, the format of FBack [9] is modified to 
include a one-bit field M. The value of M is copied from the reply packet (Figure 7). The sequence number is 
copied from the announcement packet of Figure 3. The mobility options contain the IP address of the FAR.  

 
 
 

 

 

 

 

 

 

 

                                                            
2 If IP pre-fetching fails, then, on entering the new cell, the MR sends an announcement packet with A bit set to 0 which signifies that the 
MR is not assigned CoA in the current cell. The assignment of CoA then follows the normal procedure of NBS protocol.  
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1. Let (px,py) be the coordinate of PAR. Let (α,β) be coordinate of the
CAR. The CAR finds the straight line L/(x,y) perpendicular to
Lp(x,y)=ax+by+c=0 that passes through (α,β). 

2. Set minimum distance, M: =+infinity and FAR: = Not-Defined. 
3. For each (α1,β1) [co-ordinate of the neighbor of CAR], do the following: 

a. If sign (L/( α1,β1)) != sign(L/(px,py))   [The AR lies on the other side.] 
i. Find M/:= mod(L(α1,β1))/sqrt(b2 + a2) 

ii. [The equation of the straight line perpendicular to Lp(x,y) is
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where k is the environment specific attenuation characteristics [11]. 

 
Figure 9: Reference diagram used for analysis 

 

We assume that the vehicle is in cell QC and the MR has completed the deregistration process. The CAR 
should request for new FCoA at point G and the MR should finish updating the HA by point K for successful 
handoff to cell QF. Let us denote by T to be the time taken by the MR to update the HA. Now, the distance 
between G and K is: 

|GK| = |GH| + |HI| + |IK| 

                                                                = hd
x

xr 
2

22  

Using Equation (10) we get:  
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t = delay for FCoA request packet to  reach FAR from CAR + delay for the packet containing FCoA to reach 
CAR from FAR +  delay for forwarding FCoA to MR from CAR + time required for the MR to update its HA 
So, we have 

                             nmTt 4                                        (12) 
Hence, we can write: 

t

GK
V max                                            (13) 

Putting the values of |GK| and t from Equations (11) and (12) respectively, and simplifying we get, 
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Equation (14) describes the relation between maximum speed of a vehicle, minimum required cell size, and 
the size of the overlapping region.  

For FMIPv6 in predictive mode, let us define Wmax to be the maximum speed allowed. For handoff from cell 
QC to cell QF, the MR sends RtSolPr packet at point K and receives FBack at point J. The distance covered 
during this interval, z, can be given as: 
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The time, t, needed to perform the handoff operation is:  
t = m (for RtSolPr) + m (for PrRtAdv) + m (for FBU) + 2n (for HI) + 2n (for HAck) + m (for FBack)  
So, we have  

                                      nmt 44                                  (16) 
Thus, the maximum speed allowed in FMIPv6 is: 
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Figure 10: Variation of maximum speed with cell radius 

 
Let us define TFMIPv6 and TFNEMO as the time required for CoA assignment process of FMIPv6 and FNEMO 

respectively.  TFMIPv6 is lowest when the speed of the vehicle is within the maximum allowable speed, Wmax, so 
that the handoff process is successfully completed within the overlapping region. When the MR could not 
receive the FBack within the overlapping region, then it has to send a FBU again in the new cell and as a result, 
HI and HAck are exchanged again between the CAR and the FAR. This situation occurs when the speed of the 

vehicle is more than Wmax but less than or equal to
m

z

2
. In this case, TFMIPv6 includes the delay in link layer 

handoff, 

m

2
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will be same. However, if the speed increases beyond 
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For FMIPv6, no packet loss occurs when the speed of the vehicle is within Wmax. When the vehicle speed is 
between Wmax 
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Figure 13: Variation of packet losses with speed of vehicle 
 

V. CONCLUSIONS 

In this paper, we have proposed a modification of NBS protocol, called FNEMO, to improve the handoff 
performance. FNEMO utilizes the concept of IP pre-fetching and advance-registration to perform handoff 
operation with reduced delay and packet losses. The analysis presented in this paper clearly shows that the 
signaling overhead is very low for FNEMO compared to FMIPv6. Further, in comparison to FMIPv6, FNEMO 
can support higher vehicle speed, making it suitable for deployment in high speed vehicles.  
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