





has to be informed. However, it does not apply any change toe
the periodic BUs, and thus the mobile node has to update its
location to the Home Agent, Correspondence Node and, now
additionally, to the MAP. .

IV. ANALYTICAL STUDIES OFHANDOVER PERFORMANCE

In this section, we analyze the handover performance
against different local mobility solutions through a sieapl
mathematical model. The analytical studies will be carried
out in two aspects, namely, handover latency and handoves
signaling overhead. Note the analytical model may not bg ver
comprehensive, however, we emphasize that the target is to

d; denotes the transmission delay between any two en-
tities. For exampled., .. is referred to as the time
required by forwarding packets from the CN to the AR.
It is assumed that the AR and nAR locate at the same
access network since we only focus on the localized
handovers. Ifd,,, is the latency of forwarding packets
between two neighboring access routeds,, can be
regarded as a quite small value when being compared
with dha—nar or dcn—ar-

The following inequality is satisfiedi,,, < dima—nar <
dha—nar, Since the term LMA and HA are interchange-
able [6].

The processing latency of a local trigger in the MN’s
protocol stack is ignored. That is, the period used to
receive a movement hint with any link-layer support is
Zero.

highlight the benefits of PMIPv6 even through a basic model. «

A. Considered Scenario

We firstly introduce a hierarchical topology used for the
following analytical study. Figure 2 depicts the considere
scenario, where we assume that a mobile node is initiaffly Handover Latency Study
located at the AR and then moves to a new AR (nAR). 1) FMIPv6: Considering FMIPV6 in the proposed scenario,

The analysis will study the cases of FMIPv6, HMIPV6, Fye assume sending the FBack from the PAR as the start point
HMIP6 and PMIPv6. The reason why we choose above fofdr the analysis. The latency is: 1) the time required to send
approaches is that all of them are complimentary to MIPWfe FBack to the mobile node through the wireless medium
in terms of enhancing handover performance within a logalitand to the NAR; plus 2) the time required to send FNA; plus
It might be unfair to compare them with a global mobility3) the time required by the forwarded packet from the PNAR
solution like MIPv6 or HIP directly. to the NAR; plus 4) the time required by the FNA to reach

When HMIPV6 is considered, the function of MAP will bethe NAR; and plus 5) the delay caused by the wireless part to
performed at one of the routers within the HMIPv6 networlksend the packet to the mobile node.

Similarly, when considering PMIPV6 the function of the MAG Thus, the latency when performing a handover from the
will be performed at access routers. Besides, the functfon AR to the NAR in FMIPv6 can be computed through the
the LMA will be at the same place as MAP for fairness angbllowing formula:

simplicity.

maz(dy, dma) + dma + 2du . Q)

whered,, denotes the delay introduced by the wireless part.
Since the PAR responds with a Fast Binding Acknowledge-
ment (FAck) to the mobile node and to NAR at the same
time, we choose the maximum value of their delay, namely,
max(dw, dma)-

2) HMIPv6: Considering HMIPv6, the latency is: 1) the
time required to send the LBU to and receive the LBAck from
the MAP; plus 2) the time required by the forwarded packet
from the MAP to arrive at the current nAR; and plus 3) the
delay caused by the wireless part to send the packet to the
mobile node.

Thus, the handover latency in HMIPv6 can be computed
through the following formula:

Fig. 2. Considered Scenario.

B. Assumptions and Parameters

In the following analysis, we consider the latency intro- @)
duced by both the wireless and the wired part. The handoveB) F-HMIPv6: If we further consider the Fast handovers for
latency will be analyzed considering the mobile node itéia HMIPv6 (F-HMIPV6) [9] which is actually a combination of
handover case. We assume that the processing delays HiPv6 and FMIPv6. The latency is: 1) the time required by
negligible compared to that for accessing the channel atie FBack from the MAP to reach the NAR who will forward
transmission. For the wireless part, we configure the sarnhe packet to the MN, and to reach the PAR; plus 2) the time
value for both uplink and downlink cases. Moreover, weequired by the forwarded packet from the MAP to the NAR;
configure the following parameters: plus 3) the time required by the FNA to reach the NAR; and

3dw + 3dlma7nar .



plus 4) the delay caused by the wireless part to send the padRe Handover Signaling Overhead

to the mobile node. _ Following the above proposed scenario and assumptions,
Thus, the handover latency in F-HMIPv6 can be represenigg ¢, ther compare the handover overhead caused by FMIPV6,

by the following formula: HMIPV6, F-HMIPV6, and PMIPV6 respectively. For simpligity
the minimal required overhead for each of the proposals is
max(dlma—ara dlma—nar) + dlma—nar + 2dw (3) considered.

4) PMIPv6: Considering the case of PMIPv6, the latency 1) Handover Overhead Analysis: In FMIPV6, the signaling
is: 1) the time required to send the PBU from nMAG to LMAoverhead is calculated as: 1) FBU message to the PAR; plus
and receive PBA from LMA; plus 2) the time required by2) FBack message sent to the mobile node and the NAR; plus
the forwarded packet from LMA to nMAG; plus 3) the delayd) HI and HAck messages between PAR and NAR; and plus
caused by the wireless part to send the packet to the moii)emessage FNA sent to NAR.
node. For HMIPv6, the signaling overhead includes: 1) the MAP

Thus, the handover latency from the MAG to the nMAG ioption carried in the Router Advertisement message in doder
PMIPv6 can be computed through the following formula: indicate the MN that it roams within the same MAP domain;

plus 2) LBU message sent to the MAP; and plus 3) LBack
3dima—nar + duw. (4) message received by the MAP. Note that the MAP option is
. L extra overhead required by HMIPv6.

5) Comparison: For simplicity, we can further assume that For F-HMIPv6, the signaling overhead is: 1) the Router
maz (dima—ar, dima—nar) = dima—nar SINCE AR @Nd NAR Are 40 tisement message with MAP option in order to indicate
usgﬁg}[/ dv(\a/zloé/gri;aeraerb%e handover latency introduced the mobile node that it roams within the same MAP domain;
HMIPv6 with that of the PMIPvV6. Sincé,, > 0, it is very easy ?{Z;i)gléI?gcé?\?jjigyet;eer&;;%_the MAP; and plus 3) LBack

to get the following resultimip > lymips- Though PMIP6 = contrast, the signaling overhead of PMIPv6 contains: 1)

deploys a local mobility agent in the similar way of HMIPGPBU message sent to the LMA; and plus 2) PBack message

for handling handovers, they were thought getting same PeL cived by the LMA.

formance. Very mter_estlngly, through the above analysts w 2) Comparison: The signaling overhead caused by above
clearly deny this conjecture. In fact, ilt is reasonableabise . . ) 7
{otocols is summarized in Table I. To be realistic, we

PMIPv6 can avoid the tunneling overhead over the air as w%#r ; . . . . .
ifferentiate the signaling over the air from the signaling

as hosts’ involvement in mobility management. the network since the former may be more problematic than

dif\f/(\a/ Peenncgvie(t:v(\)/gnepnar;:r;e igquftg%if n\;v;?(;pmzlp& )th_e the latter. Moreover, we summarize the number of signaling
v e wy ma nessages required for handovers.

3dima—nar- NOte that the LMA/MAP is usually an aggregate

router located far from the current AR (i.e. the nAR) but the TABLE |
AR is very near from nAR. Without loss of generality, we HANDOVER SIGNALING OVERHEAD
can assumé,,,, < diyme—nar aNdd,,. < d,,. Therefore, the
: Protocol | Overhead (air)] Overhead (network)] Nr.
difference between t.he handover latency caused by FMIPV6 —rumve 72 bytes 56 bytes 5
and that of PMIPV6 i2d,, + dne — 3dima—nar- HMIPv6 56 bytes 72 bytes 3
If we compare the latency caused by F-HMIPv6 during the | F-HMIPv6 42 bytes 74 bytes 5
PMIPv6 0 bytes 72 bytes 2

handover with that of PMIPv6, the difference between them

is as follows:d, — drva—AR. _
6) Impacts of parameters: As the latency caused by wire- In conclusion, PMIPv6 causes much less overhead than

less part and wired part are uncertain, we need to furtfeMIPv6 and F-HMIPv6. Meanwhile, F-HMIPV6 introduces

consider them in details. Nevertheless, we can assume t#§§6 overhead than FMIPV6 both over the air and in the net-
the wireless latency is similar to wired part, regardless ¥fork. Moreover, HMIPV6 brings the same handover overhead
unwanted noise and signals in wireless systems. in the network as PMIPv6 because they both deploy a local

Due to the above assumption, the difference betwegn, home agent to provide mobility for the mobile nodes. How-
and lpmips becomes2d, + dma — 3dima—nar < 0, thus €ver, HMIPVE still introduces6 bytes additional overhead

indicating the latency caused by FMIPV6 is less than that 8Y€r the air (e.g. wireless part) because it is a host-based
PMIPV6. mobility solution and the mobile node inevitably involves i
Likewise, the latency caused by F-HMIPV6 is very similar t§@naging the mobility.
that of PMIPv6. We can conclude that PMIPv6 performs better
than HMIPv6 but FMIPv6 causes the least latency among all
of them. Besides, F-HMIPv6 seems to achieve quite betterThe above analysis implies that combining with FMIPv6
performance than HMIPv6 because it takes advantage of thay bring additional benefits, especially for reducing tha-h
“make-before-break” trait in FMIPv6. However, the latencglover latency. In the this section, we propose two enhanseme
caused by it is still higher than that of FMIPv6. schemes: 1) fast handovers for PMIPv6 (F-PMIPvV6); 2) an

V. HANDOVER ENHANCEMENT FORPMIPV6



802.21 assisted PMIPV6, to improve the handover performarig: 802.21 Assisted PMIP6 Handover Procedure
of the basic PMIPv6. : :
Due to the development of 802.21 [10] for discovering the

In the basic PMIPv6, during the handover the nMAG sencﬂg P [10] g

PBU he LMA. Until ving the PBack cal network information, we attempt to apply the Media In-
a F'bu message to the - Unti _rec_elvmgt e PBack wit ependent Handover (MIH) functions into the current PMIPv6
indicating the acceptance of the Binding Update, the nMA

) IH-PMIPV6). There are two possibilities to trigger the
can setup a tunnel to the LMA and waits for the data forward ndover: 1) network initiated; 2) MN initiated. Since PNEP

from the LMA. We argue that the LMA may locate far from.
the current nMAG and such a mechanism wastes too m
time.

is, designed to avoid mobility management involvement in the

, we choose the network initiated approach to enhance the
handover performance of PMIPv6. Here, we only focus on the
A. F-PMIPv6 Handover Procedure predictive mode that Layer-2 handover signaling finishes on

Motivated by FMIPv6, we propose the F-PMIPv6 protocd’€ PMAG'S link. _ o
to reduce the handover latency and the packet loss ratio inl "€ whole handover procedure is shown in Figure 4.
Figure 3.
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Fig. 3. Handover message flows of F-PMIPV6. Fig. 4. Handover message flows of MIH-PMIPV6.

« After the nMAG sends AR message advertising the MN's « Before MN moves from the pMAG to the nMAG, the
home network prefix and other parameters, it sends a disconnection is triggered on the link of the pMAG.
Proxy-HI (P-HI) message to the previous MAG (pMAG). The details about handover-initiated trigger is out of our

Besides, the nMAG send3BU to the LMA in order to Scope.

update the MN’s new location. « Upon receiving theHandover-initiated message, the
« Upon receiving theP-HI message, the pMAG responses  PMAG collects MN-related information (e.g. MN's home

with the Proxy HAck (P-HAck) message. network prefix, ID), and sends B-HI message to the

. Data can be forwarded directly through the tunnel be- NMAG. o _
tween the pMAG and nMAG. Then, the nMAG immedi- « The nMAG creates a Binding Update List [6] for the MN
ately forwards the received data to the MN. based on the information within the-HI. The nMAG

« After the LMA updates the MN’s location at its binding ~ sends back-HAck to the pMAG.
cache entry, it sends BBU Ack back to the nMAG.  After receiving the data through the tunnel between the
The subsequent data packets will be forwarded directly PMAG and nMAG, the nMAG needs to buffer the data

through the tunnel from the LMA to the nMAG. until the link between the MN and nMAG is ready.
« The nMAG tears down the tunnel towards pMAG. « When the MN attaches to the link of nMAG, lank UP

Meanwhile, theP-HI can be arlCMPv6 message sent by ~ (LUP) message is sent to the upper layer.
the AR (e.g. NMAG) to another AR (e.g. pMAG) to indicate * The NMAG sends &A message with nMAG's informa-
the mobile node’s movement. Different from the HI message tion to the MN, and sends BBU to the LMA in order
in FMIPv6, P-HI may only require the mobile node’s home  f0 update MN's new location. _ _
network prefix and MN-ID in the options field. Likewise, the ¢ Once the LMA updates the MN's location at its local
P-HAck may include the MN's home network prefix in the ~ Pinding cache entry, it sends BBU Ack back to the
option field. NMAG. The data packets will be forwarded directly
By doing this, data packets can be immediately forwarded through the tunnel from the LMA to the nMAG.
from the nMAG to the MN instead of long-time waiting for ¢ The NMAG tears down the tunnel to pMAG.
the PBAck from the LMA. Besides, it can also reduce the Meanwhile,LUP is used as a trigger from the link layer
packet loss ratio in case the LMA still sends the packets to the MIHF layer to report the connectivity is ready. After
the pMAG. detecting the movement of MN, the pMAG will sefdHI to



other MAGs within the same domain. For example, the pMAG To conclude, F-PMIPv6 and MIH-PMIPv6 can alleviate the
can retrieve the nMAG's address by requesting the MIH serverore handover latency than PMIPv6. F-MIPv6 performs even
or its LMA. For efficiency, the pMAG could select somebetter than MIH-PMIPv6. Although F-PMIPv6 may require
neighboring MAGs, however, the details about determinirepme extra signaling exchanges between the MAG and nMAG,

the nMAG is out of the scope of this paper. they are regional signaling so that they will neither cause
C. Handover Latency Analysis i\r/lgﬂ?’;zzsage overhead over the air, nor cause inter-domain

1) F-PMIPv6: According the same scenario in Figure 2, the
latency caused by F-PMIPV6 is: 1) the time required to seftl Handover Overhead
the P-HI from the nMAG to the pMAG and receive P-HAck 1) F-PMIPv6: For F-PMIPV6, the signaling overhead is:
from the pMAG,; plus 2) the time required by the forwarded) P-HI message sent from the nMAG to the pMAG; plus
packet from pMAG to nMAG,; plus 3) the delay caused by th2) P-HAck message received by the nMAG; plus 3) PBU
wireless part to send the packet to the MN. message sent from the nMAG to the LMA; and plus 4) PBU
The handover latency is calculated from the time of sendidgk message sent from the LMA to the nMAG.
P-HI to the pMAG to the time that the mobile node receives 2) MIH-PMIPv6: Concerning MIH-PMIPvV6, the signaling
the data: overhead is: 1) P-HI message sent from the pMAG to the
NMAG; plus 2) P-HAck message received by the pMAG; plus
Lt —pmips = 3dm + dy. (5) 3) PBU sent to the LMA and PBU Ack message sent from

2) MIH-PMIPV6: The latency caused by MIH-PMIPv6 can"® -MA t0 the nMAG.

be calculated as follows: 1) the time required to send P-HI TABLE Il
from pMAG to the nMAG and receive P-HAck from the HANDOVER SIGNALING OVERHEAD
NMAG, plus 2) the time required to forward packet from Protocol | Overhead (air)] Overhead (network)] NT.
PMAG to nMAG, plus 3) the time used to send the RA from FMIPV6 72 bytes 86 bytes 5
the NMAG to the MN, plus 4) the time caused by the wireless| _HMIPV6 56 bytes 72 bytes 3
F-HMIPv6 42 bytes 74 bytes 5
part to send the packet to the MN. PMIPV6 0 bytes 72 bytes 9
Therefore, the handover latency in MIH-PMIPv6 can be| F-PMIPv6 0 bytes 116 bytes 4
bih—pmip6 = 3dm + 2d.. (6) From Table Ill, F-PMIPv6 causes the same overhead as
MIH-PMIPv6 during the handover. Unfortunately, both of
TABLE Il them cause much higher overhedd pytes) in the network
HANDOVER LATENCY compared with PMIPv6. Nonetheless, F-PMIPv6 and MIH-
PMIPv6 perform better than F-HMIPv6 and FMIPv6 in terms
Protocol Handover Latency . .
EMIPVG 3w T dma + maz(de, dma) of signaling overhead.
HMIPV6 3dw + 3dLrA-—nAR To conclude, the proposed F-PMIPv6 can be a desirable
F-HMIPVE 2dw + 2dLMA-nAR solution for network-based localized mobility management
PMIPV6 dw +3dLMA-—nAR i ' i i
F-PMIPV6 duy -+ 3doa It can avoid tunneling overhead over the air and provide
MIH-PMIPv6 2dy, + 3dma mobility to hosts that are not required to involve in any

mobility management. Moreover, it can alleviate the hamdov
3) Comparison: Table Il summarizes the handover latencyatency and reduce the packet loss ratio by simply notifytireg
Based on the above assumption th&t, < dine—nar, it previous MAG about the mobile node’s movements. Therefore,
is easy to get the following inequalityy_p,mips < lpmips- F-PMIPV6 is able to support real-time applications which ar
Further, we can infer thaty_,ips < lmin—pmips < lnmips ~ Sensitive to handover latency and packet loss.
sincedma < dima—nar 1S Satisfied. .
Besides, the difference betwedp,in—pmips and lemips E. Numerical R.esults ) . )
i 2d,a — maz(dy,dme) > 0. Therefore, 802.21 assisted The theore_tlcall _mo<_:ie| devgloped in the previous section
PMIPV6 causes higher handover latency than FMIPV6. has been a simplification, as it did not account for variation
Furthermore, we can deduce that the following inequalitf ink delays and anticipation timing. To analyze handover
is satisfied:l s pmips < lpmips SINCEdma < dyy. SO far, we perf(_)rmance in a more realistic way, a numerical analysis is
can ascertain that F-PMIPv6 performs quite better than tREPVided as follows.
PMIPV6, or even better than the FMIPV6. According to discussions in [11], [12], we can assume:
If we comparel,in—pmips With lomips, the difference is  « Wreless Link Delay: 18 ms, deviation: 8 ms
dw + 3(dma — dima—nar). Assume thatd,,, is much less  Router Distance Delay: 10 ms, deviation: 5 ms
than dima—nar andd,, is comparable tal,,q_naer. We can o Delay between LMA and nAR: 15 ms, deviation: 5 ms
conjecture that MIH-PMIPv6 may alleviate more handover Here, ms represents million seconds. Therefore, we will
latency than PMIPV6. further discuss the delay performance in terms of wireless
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Fig. 5. Varying wireless delay. Fig. 6. Varying router distance delay. Fig. 7. Varying delay between LMA and nAR

delay, router distance delay,{,) and the delay between LMA  Thus, there are still some avenue left for future work.
and nAR. For example, how to improve the handover performance for
1) Wireless Link Delay: From Figure 5, the handoverboth latency and signaling overhead will be the next step.
latency of HMIPV6 is quite large if the wireless link delay isFurthermore, the link layer intelligent detection techurdg and
long. F-PMIPVv6 performs the best of all six protocols and Frierarchical architecture have been developed in the commu
HMIPv6 also achieves a good handover latency performanedty and being considered useful, how to incorporate these
The result suggests that FMIPv6 can efficiently alleviaie thechniques into PMIPv6 for further performance improvemen
handover latency. If the wireless link delay is less thaig a meaningful work in the future. In addition, PMIPv6 has no
15ms, 802.21 assisted PMIPv6 performs better than PMIPvépecific concerns on global mobility management, but only re
However, when thed,, increases thari6ms, PMIPv6 can lies on MIPv6, which lacks sufficient scalability and efficay
alleviate more handover latency than MIH-PMIPV6. of delivery. Hence, inter-domain handover mechanismskveill
2) Router Distance Delay: Figure 6 illustrates the handoverfurther investigated for PMIPV6.
latency if the router distance delay, namely,, varies. The
handover latency of HMIPv6 is still very high. Similar to ACKNOWLEDGEMEN TS
the above result, F-PMIPv6 achieves the best performanceThis work is partially supported by the EC FP6 IST EN-
However, when the router distance delay increases the hABLE project.
dover latency of F-PMIPv6 linearly increases. Differenthe
latency of PMIPv6, HMIPv6 and F-HMIPv6 remain stable
when the router distance delay varies since the pAR does nidt D: Johnson, C. Perkins, and J. Arkko, “Mobility SuppartiPv6,” RFC
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