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Vertical Handoff (VHO) Performance Evaluation of the VHO Algorithms

Improving the VHO-algorithm by estimation of end-to-end bandwidth and round trip time

Evaluation of the algorithm in real network environments.
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** Initialize RTT variables as recommended by RFC 2988 and update RTO when all packets before handoff are acknowledged.
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Break-before-make handoff from a low-bandwidth link to a
high-bandwidth link with delay of the links fixed at 9 ms.
The bandwidth of the new link is fixed at 6400 Kbps.

Make-before-break handoff from a high-delay link to a low-
delay link with bandwidth of the links fixed at 6400 Kbps.
The delay of the old link is fixed at 300 ms.

Make-before-break handoff from a low-delay link to a high-
delay link with bandwidth of the links fixed at 6400 Kbps.
The delay of the new link is fixed at 300 ms.

Break-before-make handoff from a low-delay link to a high-
delay link with bandwidth of the links fixed at 6400 Kbps.
The delay of the new link is fixed at 300 ms.
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Make-before-break handoff from a low-delay/high-bandwidth
link to a high-delay/low-bandwidth link with BDP of the links
fixed at 10 packets. The new link has 200 Kbps/300 ms.

Break-before-make handoff from a low-delay/high-bandwidth
link to a high-delay/low-bandwidth link with BDP of the links
fixed at 10 packets. The new link has 200 Kbps/300 ms.

Solution via a Cross-layer approach
A TCP sender gets a cross-layer notification from the lower layers regarding the occurrence of a
handoff along with the bandwidth and delay values of the new and the old access links.  A mobile
node can deliver this information to the TCP sender at the correspondent node by piggybacking
in the mobility signalling messages, for  example, by incorporating it in the binding update
message in  Mobile IPv6. We have designed a TCP sender side algorithm that uses the handoff
notifications   to improve TCP performance in vertical handoff.

Vertical handoff refers to the switching between access routers which use  different link level
technologies.

A vertical handoff may result in significant changes in the access link (first-hop/last-hop)
characteristics such as link bandwidth and delay which are likely to affect the end-to-end path
properties of a TCP connection.

As TCP behaviour depends on the end-to-end path properties, it is affected by a vertical handoff.

Problems of TCP with Vertical handoff

Results
A comparison of  the performance of TCP enhanced by our proposed VHO-algorithms and
TCP SACK for a wide range of access link bandwidths and delays has been carried out
using ns-2 simulations. The results obtained show that the proposed VHO algorithms are
effective in different vertical handoff scenarios and reduce the transfer time up to 40 % for
a single TCP flow.

With the increase in the number of flows, the problems of TCP in a vertical handoff due to
spurious RTOs, unnecessary retransmissions and packet reordering have a diminishing
effect due to a decrease in the size of the TCP window of each flow. However, the
effectiveness of our algorithm is especially visible when the TCP window size is sufficiently
large as it can mitigate the aforementioned problems of TCP in a vertical handoff.

Make-before-break handoff from a 6400 Kbps/9 ms link to a
200 Kbps/300 ms link, the BDP of the links fixed at 10 packets.

Make-before-break handoff from a  6000 Kbps/ 50 ms link to a
54000 Kbps/4 ms link.

Make-before-break handoff from a  54000 Kbps/2 ms link to a
2000 Kbps/50 ms link. The BDP of the links fixed at 18 packets.

Break-before-make handoff from a  6000 Kbps/ 50 ms link to a
54000 Kbps/4 ms link.

Single TCP flow

Multiple TCP flows
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