Journal of Digital Contents Society Vol. 11 No. 3 Sep. 2010(pp. 341-348)

2

[Pv6 ©]F4 AYd ZEEZES
F=on @A i v 4

F714"

O
=

MIPv6, HMIPv6, FMIPv69} 22 T 2E 7]4ke] IPv6 olF5A AP ZE2EFEF 22|, Proxy Mobile
IPv6 (PMIPv6)S ©lE == 7idglo]l MIES A AEEEZRY S AATE AHESte o4 #YE
F37] wZel, IPve ol54d AY ZZEZ AAAHA =4S FAAZ AoZ 7Y=L ot B =
TolA =, MIPv6, HMIPv6, EMIPv6e} 22 tlEZ Q0 T 2E 7|Hke] IPv6 o]&A AU ZZEZET Y
EY= 7]uke] IPv6 ol5A A9 TEEZQ PMIPv6Zte] fl=omw AAAS BEA 2 wlwslaz 3
o 2 Ao B4 A3, PMIPvee] A=W A AT MIPve ¥ HMIPved Hlste] 953 zom,
L3 FAg I R A ZEe] MAGS LMAZES] A AAztRY & 750l PMIPveol A2 =
H A AAZEo] FMIPved A 9] IEQH AAART Zoe S HoFE.

N — 5

A Comparative Analysis on the Handover Latencies
of IPv6 Mobility Support Protocols

Ki-Sik Kong*

Abstract

Unlike host-based IPv6 mobility support protocols such as Mobile IPv6 (MIPv6), Hierarchical
Mobile IPv6 (HMIPv6), and Fast handover for Mobile IPv6 (FMIPv6), Proxy Mobile IPv6 (PMIPv6) is
expected to accelerate the real deployment of IPv6 mobility support protocol by using only
collaborative operations between the network entities without mobile node (MN) being involved. In
this paper, we analyze and compare the handover latency of network-based IPv6 mobility support
protocol (i.e., PMIPv6) with the representative host-based IPv6 mobility support protocols such as
MIPv6, HMIPv6, and FMIPv6. Analytical results show that the handover latency of PMIPv6 is
considerably lower than those of MIPv6 and HMIPv6, and the handover latency of PMIPv6 becomes
lower than that of FMIPv6 in case the wireless link delay is greater than the delay between mobile
access gateway (MAG) and local mobility anchor (LMA).

Keywords : IPv6, Handover Latency, Mobile IPv6, Proxy Mobile |Pv6

1. Introduction

Although Mobile IPv6 (MIPv6) [1] is a
well-known standard IPv6 mobility support
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protocol, it has resulted in some problems in
terms of handover latency, packet loss and
Thus, the
enhancement protocols such as Hierarchical
Mobile IPv6 (HMIPv6) [2] and Fast handover
for Mobile IPv6 (FMIPv6) [3] have been
developed over the past years. However,
host-based mobility support protocols such as
MIPv6, HMIPv6 and FMIPv6
require the protocol stack modification on the
mobile node (MN). This

signaling  overhead. various

inherently

inherent drawback
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of
in

deployment
protocols

thus has obstructed wide
MIPv6

practice [4]. In addition, the requirement

and its enhancement
for
the
increased complexity on them. Unlike the
host-based mobility support protocols, on the
other hand, a network-based mobility support
protocol such as Proxy Mobile IPv6 (PMIPv6)

[5] does not require any modification on the

modification on the MNs may cause

MN since a proxy mobility agent in network
performs mobility-related signaling on behalf
of the MN. Therefore, it
PMIPv6 would accelerate the real deployment
of IPv6 mobility protocol widely. Although
various analyses on the host-based mobility
support protocols have been conducted in the
literature, of the handover latency
comparison  between  PMIPv6 the
host-based mobility support protocols has been
investigated. Therefore, this paper,
validate the superiority of PMIPv6, we analyze
and compare the handover latency of PMIPv6

i1s expected that

few
and

in to

with those of various host-based mobility
support protocols according to the change of
Table 1
shows the brief summary of each protocol.

various performance parameters.

<Table 1> Comparison between MIPv6,
HMIPv6, FMIPv6, and PMIPv6 [4]

Criteria MIPv6 | HMIPv6 | FMIPv6 | PMIPv6
Operating Network | Network | Network | Network
layer layer layer layer layer
Mobility Global Local Global/ Local
scope Local
HA
. Home )
_ Required agent | HA, MAP | enhanced | LMA,
infrastructure (HA) access MAG
router(AR)
MN . Yes Yes Yes No
modification
Mobility Host-based| Host-based | Host-based Network-
management based

2. Analysis of Handover Latency

In this section, we analyze the handover
IPv6 mobility support
protocols. To simplify the analysis, we focus

latencies of various

on analyzing the handover latency in case of
intra-domain movement.

tan

tmr l'

a ‘am
Radio
access
network
5 Administrative domain

@ (MAP domain in case of HMIPv6 or
PMIPv6 domain in case of PMIPv6)

Home network

te (in case of MIPv6)

CN’s home
network

(Figure 1) A network architecture

2.1. Notations and Assumptions
Similar to [6], we consider a simple network
in Fig.l. In order to

architecture shown

. . X X
represent various notations, 7y and Dy, are

defined: T))/( means the delay caused by the
operation Y under the protocol X (Refer to
Table 2 for X and Y), and D[fg means the

total handover latency under the protocol X.

The notations used are as follows:
® The packet transmission delay between
the MN and the access point (AP) is ¢
® The packet transmission delay between
the AP and the AR/MAG is t,,.
® The packet transmission delay between
the AR/MAG and the mobility anchor point
(MAP)/LMA (e, the delay between AR
and MAP in HMIPv6 or between MAG and
LMA in PMIPv6) is t
® The packet transmission delay between
the AR/MAG and the HA is t,,.

® The packet transmission delay between
the AR/MAG and the correspondent node

mrnr:*

am *
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(CN), not via the HA, is t
® The packet transmission delay between
the HA and the CN is {¢,,.

For simplicity, the followings are assumed.

ac*

® For the analysis under the same network
structure, ‘administrative domain” can be
applied as follows: from the perspective of
MIPv6 and FMIPv6, it is assumed to be
just a
perspective of HMIPv6, it is assumed to be

foreign  network. From  the
a foreign MAP domain. Similarly, for
PMIPv6, it is assumed to be a PMIPv6
domain.

® If PMIPv6 is considered, the location of
LMA is assumed to be the same as that of
MAP in HMIPv6 because they have same
functionalities as the HA of MIPv6 within a
localized administrative domain.

® We assume that for all the protocols, the
MNs are allowed to access a service
provider’s network after the AAA procedure
is completed. Thus, we do not consider the
AAA access delay.

® Address configuration is only performed
using stateless address autoconfiguration [7].
® The processing delays are negligible.

® The delay between the MN and the CN
is shorter than the sum of the delays
between the MN and the HA and between
the HA and the CN.

® TFor simplicity, router solicitation (RS)
message is not considered here. Thus, only
RA message can affect the movement
detection of the MN.

<Table 2> Notations for analysis

Parameter | Description Values {Meaning}

MIP{MIPv6}, HMIP{HMIPv6},

Mobili
< man;’b;iim FMIP-pre{Predictive FMIPV6),
mfocol FMIP-rea{Reactive FMIPv6),
P PMIP{PMIPv6)
Operation MD{movement detection},

for AC{address configuration},
handover BU{binding update},
process RR{return routability}

2.2. Derivation of handover latency
Generally, the IP-level handover latency can
be expressed as the sum of the movement
detection delay, address configuration delay,
and the binding update delay. In this paper,
more specifically, the handover Ilatency 1is
defined as the time that elapses between the
moment when the L2 handover completes at
AP and the moment the MN can receive the
first packet after moving to the new
point-of-attachment. On the other hand, in
order to estimate the movement detection
delay, based on the above assumptions, we
only consider the delay caused by the receipt
of an unsolicited RA message without
considering an RS message. Thus, in this
case, the movement detection delay depends
on the period of the RA message. In [1], it is
supporting
mobility should be able to be configured with
a smaller MinRtrAdvinterval value (= Minlnt)
and MaxRtrAdvinterval value (= Maxint) to
allow sending the unsolicited RA messages
more often. In the case where the minimum

specified that the routers for

intervals are used, the mean time between
unsolicited RA messages can be expressed as

Minint+ Max nt
B S—

mean value of the movement detection delay in
MIPv6 and HMIPv6 is the half of the mean
time between unsolicited RA messages, and

Thus, we assume that the

thus 7iP= pHMIP— w .

After an MN detects an IP-level movement,
a new prefix information becomes available to
the MN. From the prefix information, the MN
should generate a new care-of-address (CoA)
via address autoconfiguration. To verify the
uniqueness of this CoA, it performs duplicate
(DAD) process
combining the network prefix to its interface
address. During this process, the MN cannot
use the CoA. Therefore, according to [8], the
address configuration delay in MIPv6 and
HMIPv6 can be  simply

address  detection before

expressed as
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(Figure 2) Handover procedures of IPv6 mobility support protocols

TP = TIP—= Rx D, where R and D mean
RetransTimer and DupAddrDetectTransmits
specified in [7], respectively.

(1) MIPv6: As in Fig.2(a), the
binding MIPv6  ( T5i")
includes the time of the binding update delay
to HA 2(t,,, +t,.,+t)) the
binding update delay to CN
2(t,,, +t.,+t,.)). On the other hand,

order to perform binding update procedure
with the CN, the delay for return routability

shown

update delay in

(e., plus
(ie.,

in

mrr

Ge, Tadl=2(t, +t., +t,+t,.)) [11 is
additionally required prior to the binding

update to CN. Therefore, the total handover

MIP

latency in MIPv6 (Dy5 ) can be expressed as

MIP _ MIP_ mMIP_ rMIP_ e MIP
Dyo =ty + Typ + Thc + Trr + Ty (1)
where Tgil=4(t,,, +t,,)+ 2t +t,.).

(2) FMIPv6: Based on the MN’s movement
FMIPv6 reduces the
latency by informing the MN of the new AR
(NAR)’s network prefix via the previous AR

prediction, handover

(PAR), and validating the uniqueness of the
prospective CoA on the NAR prior to the
MN'’s Thus, the
detection and address configuration delays in

movement. movement
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FMIPv6 do not occur during the handover
process. Instead, to quickly announce the MN'’s
attachment to the NAR, an
neighbor advertisement (UNA) message should
be sent. In addition, since FMIPv6 basically
operates based on movement prediction, perfect

unsolicited

prediction may be difficult in real environment,
and thus it may operate in reactive mode [3].

Therefore, the total handover latencies of

FMIPv6-pre (Dyy PMIP=prey  and  FMIPv6-rea

(DF”]P_WI ) can be expressed as follows:

DFMIP =3¢ +2t., )
DF]I[[P* ety +2(t,, +t,+ tp,,) (3)
3tm r ( ru + tpn )

where ¢,, means the delay between PAR
and NAR.

(3) HMIPv6: The binding update delay in

HMIPv6 ( THp""

update delay to MAP G.e., 2(t,,, +t,,+tum))

ra

) only includes the binding

without requiring the binding update to CN in
case of intra—domain movement. This is
because the MN’s movement within a MAP
domain is transparent to the outside of the
MAP domain. Thus, the total handover latency

in HMIPv6 (DHM[P) within a MAP domain

can be expressed as follows:

DH]I[IP_ t HM]P 4)

4+ TA[AHP“‘ THU]P

where TH AP = 2 (t + tru, + ta,m )

(4) PMIPv6: As shown in Fig.2(e), the

IP-level
configuration do not occur (or are needless)

movement detection and address
within a PMIPv6 domain because a unique
home network prefix is assigned for each MN
[5], [9]. Therefore, the total handover latency
in PMIPv6 can be composed of the sum of

the proxy binding update delay between the
MAG and the LMA (e, TH¥"=2t,,.) and

the packet transmission delay from the MAG
to the MN (., (t,,+t,,)). Thus, the total

QH KIHAI2H0| CHEr HlD 24 345

handover latency in PMIPv6 (DPWP) within

a PMIPv6 domain can be simply expressed as

DIMIP—y 4 pPMIP L (¢ 4t ) (5)
= 2tm +t,,,+2t,,

3. Performance Analysis

We show analytical results based on the
analysis derived in the previous section. For
our analysis, t,,, is assumed to be 10ms,
considering relatively low bandwidth in a
wireless link, and other parameters used are
=1y, = 20ms,

as follows: t.,=2ms, t

t

All of these values are the same or similar to

ra

=40ms, and t

ah — ta,(: ’ pn

am

= bms, respectively.

the parameter setting values shown in [6]. For
Minlnt and Maxint, we set Minlnt = 30ms
and Maxint = 70ms [1], and for /2 and D, we
set £ = 1,000ms and D = 1 [8], [10].

3.1. Effect of tmr

Figure 3 investigates the effect of wireless
link delay over the handover latency. As
shown in Fig.3, the handover latencies of all
IPv6 mobility support protocols get larger as
t

each graph are different each other. MIPv6 is

mr increases although most of the slopes of

most affected by the change of ¢ . because it

mrnr
requires the largest number of the messages
exchanged over the wireless link. In contrast,
PMIPv6 is least affected because the MN is
not 1involved in mobility-related signaling.
Note that the handover latencies of basic
MIPv6 and HMIPv6 based on RFC 2462 [7]
are much larger than that of PMIPv6. This is
because the time required for the DAD*

* |ETF RFC 2462 [7] specifies that IPv6 DAD
process takes at least 1,000ms, and some
enhancement such as optimistic duplicate address
detection (oDAD, RFC 4429 [11]) has been
reported recently. In this paper, thus we investigate
the handover latencies of MIPv6 and HMIPv6 based
on both RFC 2462 and RFC 4429, respectively.
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in basic MIPv6 and HMIPv6
considerably larger than the time caused by

process s
other factors that could affect the handover
latency. As shown in Fig.3, for small ¢,,,, the
handover latency of FMIPv6-pre is the lowest,
but as t,,, increases, the handover latency of

PMIPv6 gets the lowest. This is because the

MN, in PMIPv6, is not involved in
mobility-related signaling, PMIPv6 is least
affected by the change of ¢,,,.
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delay on handover latency

3.2. Effect of Tup
Figure 4 investigates the effect of
movement detection delay over the handover

latency. In PMIPv6, the IP-level movement

within a PMIPv6
domain. This is because PMIPv6 only supports
Per-MN-Prefix model [5], and thus a unique
home network prefix is assigned for each MN.
That is, from the perspective of the MN, the
entire PMIPv6 domain appears as its home

detection does not occur

network. Thus, 7, does not occur within a

PMIPv6 domain. On the contrary, the graphs
for MIPv6 and HMIPv6

same slope as

increase with the
In MIPv6 and
HMIPv6, whenever the MN moves across the
the different CoAs.
and HMIPv6, the
is required. On the other

TWD does.

subnets, it
Therefore,

configures
MIPv6
movement detection

in

hand, in FMIPv6, 7},, does not occur during

the handover process because NAR's network
prefix is configured before its movement.

3.3. Effect of (tmr + tra + ta0)

Figure 5 investigates the effect of delay
between MN and CN
latency. Since we already
effect of ¢

over the handover
investigated the

in Fig.3-4, we only focus on
the of ¢
t,,, = 10ms and t,, = 2ms. For intra-domain

HMIPv6 and PMIPv6 do
require the binding update to the CN because
the MN’s movement
transparent to the outside of the domain. That

mnr

investigating change we for

movement, not

within a domain is
is, t,. does not affect the handover latencies

of both protocols in case of intra-domain
movement. However, for MIPv6, the handover
latency gets larger as t,. increases. This is
due to the fact that MIPv6 requires the
binding update to the CN as well as the HA

whenever the MN moves across the subnets.

3.4. Effect of (tmr + tra + tam)

Figure 6 investigates the effect of delay
MN and MAP/LMA the
latency. For the we

investigate the change of t,, for t,, = 10ms

t ~+20ms

am

between over

handover analysis,

and t,, = 2ms. In addition, t,. =
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is set because we assume that the CN is
located outside the administrative domain.
Thus, the handover latencies of MIPv6 and
HMIPv6 get larger as t,, increases. Note

that in Fig.6, in terms of handover latency, for
small t,,,, PMIPv6 is the lowest protocol, but
as t,, increases, FMIPv6-pre is the lowest
one. The round trip time between the MAG
and the LMA is included in the handover
latency of PMIPv6. Therefore, although the
FMIPv6-pre  and
FMIPv6-rea are all constant, handover latency

handover latencies  of

of PMIPv6 is sensitive to the change of ¢,,.
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(Figure 5) Effect of delay between MN and
CN on handover latency
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(Figure 6) Effect of delay between MN and
MAP/LMA on handover latency

3.5. FMIPv6 vs. PMIPv6
As shown in Fig.3-6, the handover latency

comparison between PMIPv6 and FMIPv6 may
be much dependent on the values of several
parameters. Therefore, in the following, we
derive the condition where the handover
latency of PMIPv6 is relatively lower than
that of FMIPv6-pre. For the relatively
comparative analysis, we define the normalized
cost (8) as the ratio of the handover latency
of FMIPv6-pre to that of PMIPv6. That is,
the normalized cost of 1 means that the
handover latencies of both protocols are
exactly the same. Therefore, the condition
where the handover latency of PMIPv6 is
lower than that of FMIPv6-pre is expressed as

FMIP—pre
_ D, HO

o= > 1 6)

ppe
=t > tu,
From Eq.(6), we can see that when we only
FMIPv6-pre and PMIPv6, the
parameters that can cause the difference of
handover latencies are only ¢ . and t and

mr am?

consider

if ¢,,, is only greater than ¢,,, the handover
latency of PMIPv6 becomes lower than that of
FMIPv6-pre.

Figure 7 shows how the relative handover
latency between FMIPv6-pre and PMIPv6

varies according to the change of ?,, and
tym- As shown in Fig.7, we can see that for

large t and small ¢ the handover latency

mr am?’
of PMIPv6 is relatively lower, and vice versa
for FMIPv6-pre. From the perspective of the
relative comparison between FMIPv6 and
PMIPv6, FMIPv6 exchanges various signaling
messages such as RtSolPr, PrRtAdv, FBU,
FBack over the These

significant signaling message exchanges thus

wireless  link.

may cause an increase in the wireless channel

access and transmission delays (e, t,,,).

Therefore, it is expected that unless the size
of PMIPv6 domain is configured too large,
PMIPv6 could be scalable and better solution
compared with FMIPv6.
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=Y

(Figure 7) Relative handover latency between
FMIPv6-pre and PMIPv6

4. CONCLUSION

In this paper, we have investigated the
effects of the various performance parameters
related to the handover latency. From our
numerical results, we revealed that the
handover latency of PMIPv6 is much lower
than those of MIPv6 and HMIPv6. In addition,
from the perspective of relative comparison
between FMIPv6 and PMIPv6, it is derived
that the latency is
dependent on both the wireless link delay and
the delay between the MAG and the LMA;
compared with FMIPv6, the larger the
wireless link delay is and the smaller the
delay between the MAG and the LMA is, the
lower the handover latency of PMIPv6 gets.

handover considerably

Our future research 1is to validate our

research results through simulation.
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