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Abstract: Problem statement: IETF has introduced Hierarchical Mobile IPv6 (HMB)wvo support
mobility problem in the next generation Internedt®col (IPv6). The key concept behind this protocol
is the usage of Mobility Anchor Point (MAP) located any level router of network to support
hierarchical mobility management and seamless hamdd@he distance MAP selection in HMIPv6
causes MAP overloaded as the network gromproach: To address the issue in designing MAP
selection scheme, we proposed a dynamic speedtidaetenechanism that integrates with the load
control mechanismResults: From the experimental results we obtained thatpiteposed scheme
gives better distribution in MAP load and reducedinding update cost.
Conclusion/Recommendations. The Next Generation Networks (NGN) is expectedptovide
seamless handover in high speed wireless netwovicoement. There is crucial need of very
sophisticated protocols to support NGN QoS requamis

Key words: Mobility Anchor Point (MAP), MAP selection schemspeed detection, load control,
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INTRODUCTION changing of MAPs. Hence, without specific an et
MAP selection scheme can affect the system
Without specific support for mobility in IPv6, performance and supporting seamless handover.
packets destined to a Mobile Node (MN) would not beThis study investigates an improvement of MAP
able to reach it while the MN is away from its hotRe selection scheme by MN operation in HMIPv6
subnet. Mobile Internet IPv6 (MIPv6) allow transpatr  (Solimanet al., 2008). The new model is proposed to
routing of IPv6 packets to MNs. In MIPv6 all packet reduce the BU delay and to achieve the network
sent to an MN must be routed first to the MN’s homeperformance. Besides, we also improve the distance-
subnet and then forwarded to the MN at its currenbased enhanced with speed detection to achieve MAP
location by its Home Agent (HA). load control management in HMIPV6.
Although MIPv6 supports mobility, it has problems
on supporting seamless handover due to high delayierarchical mobile IPv6 (HMIPv6): The design of
Every time MN move to new access router, it acquire MIPv6 does not attempt to solve all general prolsiem
new Care-of Address (CoA) and must notify Bindingrelated to the use of MNs or wireless networks.
Update (BU) to HA and Correspondent Node (CN) forSpecifically this protocol does not solve local or
each handover. The delay cannot be avoided when th#erarchical forms of mobility management. Since
distance growing among MN and it's HA. MIPv6 only support global mobility, a hierarchical
Hierarchical Mobile IPv6 (HMIPv6) (Solimaet al.,  scheme that separates micro-mobility from macro-
2008) is an extension to Mobile IPv6 which aims tomobility is preferable. Discussed the MiIPvand
reduce the amount of signalling between the MNigd MIPv6 operation in |IP mobility. The protocols
CNs during a handover and to improve the performancneed to be worked especially on the security and
in terms of handover speed. By the usage of a rEle n routing issues.
called Mobility Anchor Point (MAP), it can suppoat In HMIPVv6 the usage of a new node, MAP can be
micro-mobility management. Therefore the furthestused to improve the performance of Mobile IPv6 in
MAP selection in HMIPv6 can be a MAP overload andterms of handover speed. An MAP is essentiallycallo
increase frequent binding update problem as theA situated in the foreign network as shown in Higlt
network grows. It is only suitable for fast MNs thvill can be located at any level in a hierarchical ngtvas
perform frequent handoffs because the MNs reduee throuters so that it can be classified as a microilibgb
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Binding Cache
lome Address)

with the MAP. Hence, only the RCoA needs to be
registered with CNs and the HA. The RCoA does not
change as long as the MN moves within a MAP
domain. This makes the MN's mobility transparent to
CNs it communicates with and also faster LBU
e g compared to MIPV6.

Intérnet Gateway

Binding Cache
(RCoA1)

MAP selection scheme and MAP discovery: The
process of MAP Discovery continues everytime the
MN received RA including a MAP option and it should

| AR1(LCoAD) FR2Z(LCoAZ) AR (KCoA3) R4 (LCors)  start register with any new MAP through Neighbour
X ; Discovery (Nartenet al., 2007). The MN needs to
X \ RoutecAdvetioomerts_/ consider several factors to optimally select one or

\ (MAP Options)

more MAPs, where several MAPs are available in the
same domain. During this MAP selection, it will be
selected that is most distant or furthest, provitiet
its preference value and valid lifetime did notatea
value of zero. The discovery phase will also inform
the MN of the distance of the MAP from the MN and
store in a MAP Option.

_ An MN should register with the MAP having the

- MAP Discovery should choose to use HMIPVE highest preference value. A MAP with a preference

implementation if the MN is HMIPv6-aware. Besides yajue of zero should not be used for new LBU. Adso

the uses of MAP in HMIPv6, an MN will also have to maAP option with a valid lifetime value of zero

configure two new types CoAs: a regional care-of-indicates a MAP failure and when it is received Mix

address (RCoA) and an on-link care-of-addresgnust choose another MAP and create new bindings. If

(LCoA). The LCoA is a local address to the MN no other MAP is available, the MN must not atteraept

received from Access Router (AR). The RCoA is antS€ HMIPV6.

address on the MAP’s subnet, configured when an MN

. . . Related works: In designing MAP selection scheme,
received a Router _AdverUsement (RA) message Wmfharacteristics of the MAP, MN and the network
the MAP Option during MAP Discovery.

topology need to be identified and discussed (Kasith

The MAP perf'orms the function of a *local” HA zakaria, 2010). An MN needs to consider these
that binds the MN's RCoA to an LCoA. After an MN elements when selecting the new MAP. Without an

get new RCoA and LCoA addresses then it sends éfficient MAP selection scheme will be seriously

Local Binding Update (LBU) to the MAP in order to degrade the network performance and supporting

establish a binding between the RCoA and LCoA. seamless handover. Numerous researches have been
carried out to deal these issues such as disteamedpb

Local Binding Update (LBU): When an MN enters a mobility based, adaptive based and dynamic based
new MAP domain, it will receive RA containing (Packet al., 2004b; Hwet al., 2005; Taletet al., 2005;

. . . Packet al., 2006). In designing the scheme, the criteria
|nformat|0_n about one or more Ioc_al_ MAI_DS: During RA of the MAP, MN, CN and network architecture need to
an MN will also detect whether it is still in tharae

) e . be included. A technique such as load balancirigant
MAP domain. If the MAP domain is different it needs -ontrol can be adapted to solve overload problem

to have two addresses from AR (LCoA and RCoA)Bandai and Sasase, 2003)

otherwise onIy the LCoA will Change. The MN can Packet al (2004a) has conducted a Comparative
bind its current location (LCoA) with an addresstbe  study for the above MAP selection schemes. Overall,
MAP's subnet (RCoA). The MAP will receive all the mobility-based and the adaptive MAP selection
packets on behalf of the MN it is serving and will schemes achieve more desirable performances tkean th
encapsulate and forward them directly to the MN'sdistance scheme (the furthest and the nearest sshem
current address. Also, the adaptive MAP selection scheme performs

If the MN changes its current address within aloc better in terms of load balancing than the mobility
MAP domain, it only needs to register the new LCoAbased MAP selection scheme.
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Fig. 1: HMIPv6 operations




J. Computer i, 7 (9): 1432-1438, 2011

combined with the preference field in the MAP opti
(Solimanet al., 2008).

In velocity-based mechanisms (Kawamb al.,
2002a; b) there are two main steps: the measurenfient
the MN'’s velocity or speed and the selection of M&P
register with.The issue is how to measure the MN'’s
speed because it is difficult to calculate the izeec
value of the speed. Only when the MN'’s speed is
estimated and then the MN can select suitable MAP b

/'M P1

Slect the MAP

MAPS MAPG MAP7 MAP8 MAP9 MAP10

the MAP Table (MT) that records the mapping relatio
 Rocale [WE opton# ZArenee MATs e 1 between the MN and related MAP. Algorithms based on
& I i A s the speed of an MN, measured in handovers per unit
e I time, were suggested in Kawaebal. (2002b). Faster
N e MNs select more distant MAPS, as it is believed tha

) ] ] faster movement leads to a larger moving area. ,Tthen
Fig. 2: Distance MAP selection scheme estimated speed of the MT can be also obtained by
. ) _dividing the distance that the MT has traversedhin
was recommended where an MN may choose thgx009) proposed a selective MAP binding scheme that
furthest MAP in order to avoid frequent re-registlas  reduces the number of unnecessary local BU prdoess
(Solimanet al., 2008). Figure 2 shows the process will the MIPv6 based networks where the MN moves at high
preference value of the MAP. _ schemes for HMIPv6 networks: LV-MAP and DV-MAP.
This algorithm is suitable for fast MNs that will These two proposed schemes select an optimal MAP an
perform frequent handoffs, because the fast MNaa®d the furthest MAP supporting MN’s velocity, with thém
the probability of changing the serving MAP and g reduce the frequency of inter-domain handovene
informing HA and CNs of this change. Although N may need sophisticated algorithms to select the

local MAP and CN, it creates the complexity of netkv  \ith the preference field (load control value) fie tMAP
management because of more of network entity sech gption during RA.

MAP and additional address and LBU process.
The scheme however creates a bottleneck as the
site grows larger since the corresponding MAP saffe

from the overload due to the increased data traffic Speed detection mechanism: The difficulty to measure

be tunnelled as well as BU signalling. In this the MN properties prevents the precision selecting
condition, registering with the furthest MAP will proper MAP and MAP is difficult to take into accdun
increase the registration delay because the hopf MN'’s properties. For the reason that MN basedt®n
distance between the MN and the furthest MAP isown properties is more suitable into the
comparatively larger than that between the onetaed consideration.We suggest a model that detects the
closer MAP. The preference value set in HMIPv6 isspeed of the MN. The process starts with the

also a static 4 bits integer and no specific pracedo ~ detérmination of the first location to the MN's nex
set up the characteristic. location. The speed of the MN will be calculated by

the MN with the distance value divides by the time

. I taken during the movement between locations. The
Velocity-based (speed) mechanism: In order to speed ocess for the speed detection can be done during

up the handover between MAPs and reduce packet Iosﬁ‘:e handover of the MN to the new MAP. The MNs
an MN. Sh.OUId send a LBU to |_ts previous MAP, can select the furthest and nearest MAPs by
specifying its new LCoA. Packets in transit thaiale  4:cording to their speed. The fastest MNs seleet th
the previous MAP are then forwarded to the neWmgst gistant MAPs and vice versa. The MN also can
LCoA. In a scenario where several MAPS arejiso change the scheme dynamically whenever the
discovered by the MN in one domain, it may needspeed is changed. By this the frequent BU and the
sophisticated algorithms to be able to select thgsy process can be reduced. Figure 3 shows an
appropriate MAP. These algorithms would have theexample the distance between the previous and the
MN speed as an input (for distance-based selectiomew location of MN movement.
1434
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where:
é))mV(XO,YUJo) mv, = The movement of the MN
Yoo Xpandy = Destination coordinates of x and y
: th = Destination time arrived in second
T _I?istance So the distance and time between current location

to destination location are measured by:

Distance’ = (%~ X11)*+ (Y- Yn-1)” (4)
ng(Xﬂi,yhtﬂy)
Time, = t,- tys (5)
Fig. 3: MN movement The total of overall distance of the MN can be

A model integrates speed detection mechanism t(r)neasured with the sum of all movement from O:to n

Distance-based MAP selection scheme which will

support modularity. A few fields are introduced to Totaldistan ce(n} N (x- 3+ (y- 7 6
MAP List (ML) as shown in Table 1. The value ofifie nZ(:J\/ 7 = % ©)
preference in MAP Option will be replaced by thado

calculated from ML. In this model consist of MAP \\here:

discovery process, MAP selection scheme and load, ang y = The coordinate of MN’s new location

control mechanism, speed detection, binding Updat%and v = The coordinate of MN’s previous location
procedure and handover process. The MAP discover%are t., = Destination time and arrival time

process, binding update procedure and handover
process already described in the related workshik

study we only describe the proposed speed mechanisrioIN
Besides, the MAP selection mechanism also integrate

From (4) and (5) then the speed in second(s) of
can be derived:

with the MAP load control mechanism which improvesspeed = ( distancg/ time,) mps @)
the drawback of Wang al., (2008).
. > spee
The current load angreference value are given as: averagespeed(n:)Z(timeq} / (8)
n=0 n

Current load = number of MAP Binding Cache Q)
The MN speed probably changes every time it

Preference = (1- (current load / () registers to new MAP. The speed detection mechanism
threshold value)) * 15 in Fig. 4 will determine the MN speed derived frtime
From the (2), the current load is inverselydiStance and _tim_e of each movement or after rengivi
proportioned preference value. In this selectionsuccessful Binding Acknowledgement (BA). It can
scheme the process will select the nearest MAP witilynamically change the nearest or furthest scheme
highest preference where the maximum value is 15 ifépending of the current average speed.

the MAP option. )
Performance analysis: We evaluate the performance

MN movement and speed: The format of data of the proposed scheme in the context of MAP
movement is consists with value of column (m), rowselection scheme in HMIPv6. The scenario was
(m) and time (sec). If the MN moves from current designed by the reason of IPv6 deployment challenge
location to destination location with n movemergrth  egpecially for the implementation in the real world

the input d]f"ta will be nl The i”p“ctj will be thl‘? MN"  scenario. The network scenario is shown in Figné a
movement from current location to destination lmm&t o rejative parameters, in which the MN is moving
across eight ARs in a two MAP domains where each

domain contains three MAPs.
1435
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Table 1: MAP List (ML)

MAP ID Global IP Address Pref. Valid lifetime Cuntdoad Thresh-old load Max. load

LCoA RCoA Pref. value Life time in sec No .of cemt load No. of control load No. of max. load
Procedure Speed_Detection{ ) Experimental setup: In the simulation model, the
Begin

wireless diameter is within the range 200 m with
simulation area is 2000x1250°’nThe total of ten MNs

After receive successful BA from MAP record the new location,
new arrival time

Calculate the distance = new location- previous location(meter) are communicated with the CNs throth several eédp
Calculate the time = new arrival time- previous arrival time(ms) from slow to fast movement as shown in Fig. 6.
Calculate the new speed = distance(m )/ time(s) The MN starts register with the HA and undergoes
Update  previous location—new location. intra-domain handovers as it move within same domai
B} previous arrival time=previous anrival time and inter-domairhandover as it changes moving into
Define the speed of MN whether slow or fast . . .
End another MAP domain. During handovers, the MN is
communicating with CN using a TCP traffic streand an
If speed = fast then select Furthest MAP will thus establish relevant local bindings with MAP,
elseif speed = slow then select Nearest MAP HA and the respective CN during the handovers. The
End if traffics are running on ping application with 56 tBy
Fig. 4: Speed detection algorithm data and_ 5 sec interval time. The wireless access
] network is based on the IEEE 802.11b and WLAN
@ standard with a free space channel model. The
propagation delay between the MN, the MAP, the HA
and the CNs is assumed negligible.
oW For the evaluation purpose we simulate three
; : performance metrics: load condition of each level
c MAP, binding update cost and ping drop by each MN.
' 9 Besides, the proposed method will also be compared
, i e with the other methods: distance-based (nearest and
. @ @ @ @ furthest). The performance of proposed method is

SallF s i i e evaluated by the network scenario of simulatiomgsi

S S oS oS oo © OMNeT++ Community Site, (2011) in Fig. 5 with the
AR AR AR AR AR AR AR AR AR . .
relative parameters mentioned.

(:r)
MN Movement

MN
MN : Mobile Node HA : Home Agent RESULTSAND DlSC,USSlON
CN : Correspondent Node ~ MAP: Mobility Anchor Point
AR : Access Router
_ _ As explained in related works, the furthest is
Fig. 5: Network scenario proposed to reduce frequent handover but it is know

that the highest level MAP has largest overloadsidd,

- e . undoubtedly, the MAP load condition of each MAP can
‘ i indicate the performance of MAP load control
5.00 e mechanism. Figure 7 shows the load distributioaanh
2 ¢ MAP by three different schemes. Although the total
s %= IL a—a Y binding cache of proposed scheme is higher than the
% s - Nt « LT M furthest, it supports the best distribution of MisEd.
B ! e SHP Mg Figure 8 illustrates the performance of binding
2.00 ¢ MN7 . . .
- . . . il update list between three different schemes. It is
100 & v " e —— R obvious to discover that the proposed scheme can
000 reduce the total binding update list and is bdttan the
T 8 8 s 8 8 8 8 8 s nearest.Especially in the best case with slow Midgen
= 2 8§ 8% g g g8 8 g ¢ within the same domain, it is still superior beaatise
wain, " proposed scheme possibly let each MN choose the
suitable MAP which efficiently reduces the binding
Fig. 6: MN’s speed update cost.
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Fig. 7: Load comparison between MAPs
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Fig. 9: Total MN’s ping drop

Figure 9 illustrates the performance

T ! Proposed scheme

MIN©

ping drop

packet drop amongst the compared schemes. Especiall
in the best case with slow MNs that move within the
same domain, it is still superior because the pgegdo
scheme possibly let each MN choose the suitable MAP
which efficiently reduces the packet drop

CONCLUSION

HMIPv6 protocol is one that will be support the
NGN technology development for micro-mobility or
Localized Mobility Management (Kempf, 2007).
Previous works show that load control can redua an
relive MAPs overload. This overload is due to the
increased data traffic to be tunneled as well as BU
signaling and maximum number of MN connected. In
this study, we discussed and proposed the speed
mechanism adapted in HMIPv6 MAP selection scheme.
The load control was measured based on MN and MAP
properties. From the experimental results shows$ tha
our proposed scheme gives better distribution inFMA
load and reduces binding update cost.

Our future work will include analysis of MAP
selection scheme using load control technique with
multiple speed of MN; study on distance based
algorithms using dynamic load control and form the
basis for our next research.

A MAP Discovery in current HMIPv6
specification requires network administrator mahual
configures the MAP option information in ARs. In
future, some mechanisms may be defined to allow
MAPs to be discovered dynamically. The NGN is
expected to provide seamless handover and alsdemobi
entities moving in very high speed wireless network
environment. There is crucial needed of very
sophisticated MIPv6 and HMIPv6 protocols to support
NGN QoS requirements.
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