


We use a novel Building Block based design and analysie Layer 2 handover. In soft handover, the MN continues to
[6] methodology to systematically study the performance ofceive packets from the old base station as it initiates and
TCP during handover. This is a generic framework that enabkstablishes a new connection with another BS. The MN is
the investigation of multiple variants of micro mobilityconnected to both the old and the new BS [18] for a brief
protocols (CIP, HAWAII and M&M) by changing the building duration. Layer 3 handover mechanisms can be classified into
blocks and its parameters. In this paper we take the approaeactive and proactive schemes. In the reactive handover
of analyzing the performance of TCP over various handovstenario, Layer 3 handover is initiated in response to a Layer 2
optimization mechanisms rather than TCP over micro-mobilityandover. Reactive handover usually occurs in scenarios where
protocols. the MN can communicate with only one BS at a given time or
when gaps is radio coverage / fading and other channel
B. Related work conditions render the MN / BS unreachable for a brief duration.

' i . . The MN or the old BS / old AR does not have apriori

There exists some literature [9] [10] that deals with th@&formation about the new BS / AR to which the MN hands
performance of TCP over micro-mobility protocols. Our worlgyer to. If there exists no Layer 3 handover optimization
differs from the existing work in the ap_proach we _tal_<e i.e. W8echanisms, heavy packet loss occurs. MSF and SSF of
analyze the performance of TCP using the building blogfawa|l are reactive handover optimization schemes that
approach. This allows us to isolate the effects of the buildipgffer packets at the old BS / AR once they notice that the MN
blogks of the protocols on the performance of TCP. Secondly, qut of its range (of course with the assumption that the
no literature analyzes the performance of TCP over M&M angac/radio layers have mechanisms to track the MN
its associated handover optimization mechanisms. Here, Wnectivity). Bi-cast handover optimization is reactive in
address these issues. Further, unlike the existing work, we Hg@re and works well with soft handover at Layer 2 (scenarios

more detailed simulation scenarios like MAC layer handovgfere the MN can communicate with more than one BS at the
delay and gaps in radio coverage to evaluate the performaggg,e time).

of TCP. We show that this significantly alters the performance | the proactive handover optimization scheme, the identity

of the handover optimization mechanisms. Significant works the AR or the set of potential ARs to which the MN is
has been done on the topic of TCP over wireless medium [}3nding over to, is known before the connection between the
[14] [15]. We do not address this topic. We also do not assuggy AR and the MN goes down (as with soft Layer 2
or use any sort of split TCP protocol. Snoop type of protocolyndover). This apriori knowledge can be used to initiate
[16] may not work very well during handover, especially wheRandover optimization mechanisms (setting up routes to the
the MN is receiving packets from more than one BS where gg\ AR, tunneling packet from old AR to new AR etc.) to

the acks are being sent through only one BS. reduce packet loss and delay. Another way of achieving
proactive handover in scenarios where Layer 2 only supports
C. Handover Mechanisms hard handover (where the MN can communicate with only BS

/ AR at a given time), is using the Candidate Access Router set

(CAR-set) mechanism as described in [7]. This involves
When the MN moves from the coverage of a Base Statléﬁ o :
(BS) / Access Point (AP) in one sub-gomain (through awgdmtmg the new AR / potential se_t of ARs .(CAR'S?t) to
Access Router (AR) in that sub-domain) to a BS in anoth%ﬁmh the MN may handover to. By virtue of being multicast,
I

sub-domain, handover needs to take place so that the incom M can deliver pa_lckets to _multlple (2 or mpre) ARs
packets are directed towards the new AR. The hando ultaneously. The time at which the packet delivery to the

process involves mobility detection at the MAC layer and | AR-Set is initiated is govemed by the type of triggers that are

layer (IPMD), Authentication Authorization and Accounting.us‘ed to initiate packet delivery to the CAR-Surce Trigger

(AAA) functions with the new BS and AR, route repair an generated at the old AR prior to the disconnection of the MN
’ (ilssuming Layer 2 can detect the disconnection). Here the

«—Layer 2 Handover Layer 3 Handover —»  SOUrce trigger contains the identification of the AR to which

W% the MN is handing over to. Rath Triggeris generated by the
T MAC Handover Tiemp ¥T ana T route

serving AR prior to the disconnection of the MN. It contains a
list of potential ARs in the CAR-Set to which the MN may
handover to. An extreme case of the path trigger indhpath
trigger in which the potential list of AR is the entire CAR-Set.
The delivered packets are cached at the ARs and delivered to
the MN once it joins to the multicast group at that AR. This
handover optimization to minimize one or more of packet losgsults in the wireless bandwidth being conserved, while at the
packet duplication, delay and jitter. same time reduces packet loss and packet delay at the cost of
The Layer2 handovers can be classified into hard handover amcreased usage of bandwidth on the wired links.

soft handover. In hard handover, the MN looses the connection

to its old BS as its initiates the handover to the new BS. This

results in long handover delays. Layer 3 handover occurs after

Fig. 2 Traditional Handover Timing Diagram



[ll.  PERFORMANCEEVALUATION AND ANALYSIS packets from more than one BS (old and new) as in the case
of Layer 2 soft handover.

We evaluate the performance of TCP-Tahoe, TCP-Rerf, “Buffer“. refets to proactive handover optimization
TCP-NewReno and TCP-SAck over both reactive and Mechanismwith buffering L
proactive handover mechanisms in both hard and soft handofer NoBuffef refers to proactive handover optimization
scenarios. We use TCP throughput and the number of time- M&chanism without buffering o _
outs TCP suffers, as metrics to evaluate the ripple effects. By “biCast refers to bicast handover optimization mechanism
using the building block framework and by varying the CAR- ) _
set parameters like buffer size (zero for no buffering and somefig- 3 and Fig. 4 shows the normalized throughput and
finite number for buffering), the trigger set (zero, one offMmeouts of the different versions ot TCP in a hard haqdover
many), we can emulate almost all the handover optimizati§enario. We can observe the following from Fig.3 and Fig 4
mechanisms of CIP (hard and semi-soft handover) , HAWAR High Layer 2 handover delay . .
(UNF and MNF) and M&M (bi-cast and CAR-set). In the - All versions of TCP have higher throughput with
following sections, we introduce the simulation setup followed ~ “NoBuffef and “ouffer” performs consistently worse

by the simulation results and its interpretation. than the other two schemes. _
> The number of timeouts TCP suffers remains almost

constant with fioBuffer”.

A. Simulation Setup > The number of timeouts TCP suffers decreases with
decrease in Layer 2 handover delay wihffer and
A packet level simulator of the micro-mobility framework BiCasthandover optimization.

was implemented in ns-2.26 [17]. Simulations of length of Low Layer 2 handover delays
100s averaged over 10 runs were conducted on a tree topology> Most versions of TCP suffer substantially less number
with 21 base stations and 12 wired nodes, with a maximum of timeouts (Fig 5, 100ms and Om&uffer” than with

depth of 5. The MN incurred 20 handovers per simulation run. the other two HiCast and noBuffe) handover
The Layer 2 handover delay (not including Layer 3 mobility mechanisms.

detection and handover delay) was varied from 500ms to Oms > In spite of the substantial differences in timeouts, the
[19] in the case of hard handover. The duration of MN differences in throughput of TCP versions with the
receiving packets from more than one BS was varied from Oms  different handover mechanisms are not very
to 500ms in the case of soft handover. pronounced when Layer 2 handover delays are small(-

100ms and Oms).
The primary reason for TCP witm6Buffef to perform

B. Performance Results and Analysis better than TCP withBuffer’ and “biCast is that ‘noBuffef
minimizes the total handover delay and packet duplication at
B.1 Layer 2 Hard Handover the cost of some packet loss. Once the TCP sender timesout, it

can send packets and open it window without any interruptions
In this section we present the simulation results of TCRrom buffered duplicate packets. All versions of TCP with
NewReno, TCP-Reno, TCP-SAck and TCP-Tahoe. FollowirtBuffer perform poorly when Layer 2 handover delay is large.
are the notations used in the figures: Once the MN hands over to the new BS, it receives packets
€ “-x"ms represents the Layer 2 hard handover delay that were buffered at that BS / AR. But the sender would have

€ “+x"ms represents the duration for which the MN receivetimed out and resent the packets. The MN ends up receiving
the old buffered packets and the newly retransmitted packets

1 leading to large number of duplicate Acks.
09 This causes the sender to either timeout
oa again or enter fast retransmit after cutting

its congestion window. Thus TCP with
“Buffer’ performs badly when Layer 2
handover delays are large.
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T observed that the TCP timeout delay adds to
09— the Layer 2 handover delay, causing TCP to
08— take longer to timeout. This results in what
8o, I looks like an anomalous decrease in
g s I . throughput of TCP with foBuffet at the -
E : : 100ms point. Since Buffer'reduces packet
EO°T - loss the decrease in throughput is not seen.
‘s 04— ¢ -
E Ll I : | B.2 Layer 2 Soft Handover
g 03—

02 —¢ = . . .

o 2 2 Fig 5 and Fig 6 presents the normalized

' ; - TCP throughput and normalized TCP

. T lelelxls olelx|gl |elelxlgl |elelx|g| |e timeouts with the various handover

|2 B|6| |E|2|6 & 22|65 |&|&|5|&| |& optimization mechanisms with soft Layer 2
= = = = = = = L = . .
2 2 2 2 2 handover. Following are the observations we
-400ms -300ms -200ms -100ms oms can make from the figures.
B biCast = Buffer £ noBuffer | ¢ As expected, TCP tends to suffer fewer
Fig. 4 Normalized TCP-Timeouts (Layer 2 - Hard Handover) timeouts with soft Layer 2 handover than
’ B TR % with hard layer 2 handover.
0.9 i T 78 . . .
" 1, ] éf §| B | e Considering all versions _ of TCP,
0.8 % Zi E | % y
& 1l - dl 2 throughput tends to peak wittButffer’,
> 07 —HGlE1G 8 H 2 ald s . .
g 1 o 1 - “noBuffet and “biCast in that order.
4 H @ - A P I 14— b .
el i . 1 || + When the MN receives packets from old
S o5 —B P : e - ;
=Nl 5 5 §| §| B §| BS and new BS for a short durf';mon
g . |l 1 g| - > TCP throughput tends to increase as
. T = = = =07 = — Zi= . .
E 1 §| 1R . the duration for which the MN
el | | - Hn | receives packets from both the old and
1 +—H B4 EH B & H G - g— Zis .
L § ol new BS increases (Oms to +300ms).
o @ ole|x|z| |e - No handover optimization mechanism
¢ ke €E|F|E) & stands out in particular except for
= - = “Buffer” with TCP-Reno in 100ms and
Oms 400ms
&I Bi-Cast 1 Buffer 3 NoBuUff 200ms case.
- I-Cas utrer oButter .
Throughput (Layer 2 - Soft handover) - TCP-Reno consistently under

1 performs all other TCP versions with
0.9 most handover optimization
08 mechanisms

g o7 e When the MN receives packets from old
g o6 and new BS for a long duration (> 300ms)
T 05 > As this duration increases TCP
N
04 = . throughput tends to decrease.
5 03 § ré
02 4+ - In the case soft Layer 2 handover, the MN
0.1 % EE i continues to receive packets from the old BS,
0 L i s (Elm s ||Hi| B/ i |n as it initiates route repair through the new
SI51212 518|318 £/8182| |§|5/%/2| |5|8§/%/2  AR. Thus MN rarely incurs packet loss. The
x| O s T x|®|sS x| x| 0| C X x| ®|s xC|x |®| S .
3 3 3 3 g major factors that affect the throughput of
100ms 200ms 300ms 400ms 500ms TCP are packgt dupl_ication and packet
[ BiCast = Butfer BinoBiifer reordering and its ability to handle these
Fig. 6. Normalized TCP Timeouts (Layer 2 - Soft handover) effects. In the soft handover scenario, it is

When the Layer 2 hard handover delay is small, none mfore interesting to look at the performance of the individual

the TCP versions over any of the handover optimizatioNnCP flavors with the different handover optimization
mechanisms seem to have an edge over the other. Also,dchanisms.

TCP versions suffer almost the same number of timeouts withan important observation is the surprisingly competent
“biCast and “noBuffef. In the case offfoBuffet, the Layer performance of TCP-Tahoe. TCP-Tahoe is the least
2 handover delay is not long enough to cause a timeout, but &g histicated version of TCP without additional mechanisms to
packet loss is severe enough that the TCP timesout affgihgle multiple packet loss in a window. However, this very
receiving the_ packets from the new BS. Analyzing th@qy e of TCP-Tahoe helps it to perform reasonably well. The
congestion window traces of TCP-Reno at -100ms, W(Senly way it handles multiple duplicated and reordered packet /



window is by a timeout. As soon as sender receives multiglandover) or mobility protocols that better serve the needs of
duplicate acks in a window, indicating an apparent loss tfe existing transport protocols. As a part of future work, we
more than a packet / window, the sender does not wait for thian to study the performance of SCTP [12] and TCP over
retransmission timer to expire, but it immediately starts fromdditional handover mechanisms and formally model and
slow start after setting ssthresh to half the congestion windoguantify the interlayer interaction.

Even though TCP-SAck does not suffer as many timeouts as
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