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Figure 9-1 and Figure 9-2 show early
results from measuring delays during
handoff between two IEEE 802.11b
interfaces of a single access point (AP) with
42.4 Kb/sec UDP traffic (50 pkts/sec., 64
bytes payload). The handoff was forced by
weakening the signal of interface 1
(Figure 9-3). No packets were lost, the
handoff incurred an additional peak delay
of 157 msec, with this delay decreasing
linearly over 9 packets, and leveling off to
the previous value, since the access point's
buffer quickly emptied after the handoff.
With the current setup of our measurements
(Figure 9-3 showing the AP with two
wireless interfaces) it could not decisively
be determined what was the dominating
contributor to the extra delay of 157 msec.

However, the numbers can be explained
by assuming that the sum of the delays
before packets could be delivered was ~180
ms and the inter-arrival time of these 9
packets was near zero (i.e., they are
delivered as a burst of packets from the
second wireless interface to which the
mobile moved once the communication has
been re-established — see Figure 9-2):

1. The mobile and the AP communicate
roughly every 100 ms [1,6] so the
mobiles know they can still hear the AP
and vice-versa, and if the mobile can't
hear the AP (and the reverse) it will not
know for 100 ms (since it has to miss at least one such event).

2. It will therefore take on average 50 ms until the mobile hears from the other interface (and on
average 1/2 of the beaconing interval before it hears a beacon).

This explains a delay of 100-200ms (with an average value of 150ms) for the mobile to move. The
arrival of a new packet 0-20 ms (an average of 10 ms) causes the AP to want to transmit something
to this mobile and therefore the average time for communication to restart time for reconnection is
~160ms.

Figure 9-1. Packet Delay
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Figure 9-2. Packet Arrival
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134 Adaptive Personal Mobile Communication
This explanation is especially plausible
since the handover was between two
wireless interfaces in the same access point
that share the buffer. At the receiver the
packets subsequent to the handoff arrive
with a delay of ~180 msec minus N times
20 msec, where N is the index of the packet
after the handover, since the 9 packets were
transmitted at 20 msec intervals. Handovers
between wireless interfaces in different
APs will add a delay if the first access point
is to transfer its buffer's contents to the
second AP, but this added delay will not
change these results significantly, since this
operation could occur at the speed of the
wired LAN connection. However, the
spanning tree calculations could take a
considerable period of time if the bridged
network has many bridges and ports. For a
description of spanning tree calculations and suggestions for improvement of their computation times
see [2]; Further measurements and experiments are needed in order to gain full insight in the
conditions for hand-overs in WLAN networks - see [3,4].

Irrespective of this, the extra delay of 157 msec during less than ~180 msec (9 packets) is something
that could be addressed by the codecs in the end-points. Alternatively other techniques for rapidly
detecting changes in network connectivity and application layer responses to changes in connectivity
could allow such handovers to be unnoticed by a user of either VoIP services (see figure 3 on page 5
in [5]) or streaming media services. For example, in the case of one-way streaming media a jitter
buffer of just 200 msec would have hidden the above handoff. Perhaps in the future an application will
be able to notify the local mobility manager when it fails to receive an expected packet, in this case
this could trigger the mobile's interface to search for a new AP after only 20-40 ms (depending on how
aggressive it wished to be).
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Figure 9-3. Link-level Handover Setup
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