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FLEXIBLE INTER-NETWORK
COMMUNICATION SCHEDULING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §§119
and/or 365 to Provisional Application No. 60/250,149, filed
in the United States on Dec. 1, 2000.

FIELD OF THE INVENTION

The present invention pertains to systems and methods of
communicating in polling based communication infrastruc-
ture in an ad-hoc network. In particular, the invention
involves systems and methods for inter-network communi-
cation management.

BACKGROUND

Traditional communication networks are commonly
designed according to a hierarchical architecture. User com-
munication accesses the network via a source node and is
routed through dedicated equipment in the network to a
destination node. For example, in a wireless communication
network including a cellular phone a user may originate a
communication session by dialing the telephone number of
a desired destination. The user’s call is received in a base
transceiver station (BTS), where it is typically transferred
across a wire line network to the destination. Of course, if
the destination is also a wireless remote terminal (e.g., a
cellular phone) then the call is routed to a BTS in the cell in
which the destination phone resides at the time. The BTS
transmits the user communication across the wireless inter-
face to the cellular phone. It will be appreciated that the
remote terminals may include data terminals such as, for
example, Personal Computers (PC’s), Personal Digital
Assistants (PDAs), printers, or other terminals capable of
transmitting and receiving data packets.

Hierarchical communication networks represent an inef-
ficient use of the radio spectrum in circumstances which the
remote terminals are sufficiently close together that they
could communicate directly. Establishing a connection
through the network requires that two links (e.g., radio
channels) be established and consumes resources of at least
three radio units (e.g., two remote terminals and a BTS) in
the session when only a single link or channel would be
required if the terminals could communicate directly with
one another. Thus, forcing the communication session
through the network reduces the network capacity by at least
a factor of two. To make better use of network resources, and
thereby improve network efficiency, remote terminals
should communicate directly with other terminals, if pos-
sible.

Ad-hoc communication networks attempt to address this
situation by providing remote terminals with the capability
to form direct connections with one another, without the
assistance of an intervening communication network. Wire-
less systems that support ad-hoc connections should provide
direct communication among any radio units that are in
range of one another. For example, one electronic device
(e.g., adesktop PC, a laptop PC, a PDA, a mobile telephone,
a printer, a web pad, etc.) should be able to directly com-
municate with another electronic device (e.g., a desk top PC,
laptop PC, mobile telephone, etc.) via radio communication
without the need for any other intervening network equip-
ment, as long as the radio transceivers are within range of
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one another. Such a wireless systems may be used to replace
cables or infrared links, e.g., between a computer and a
printer, with a short-range radio link (a wireless link) form-
ing a local radio network.

One such ad-hoc communication network recently devel-
oped is known as Bluetooth. Bluetooth is a polling based
communication infrastructure that may be used for the
wireless communication of digital information (e.g., data,
voice, video, audio, etc.) between devices using an open
specification. Bluetooth may be understood as a wireless
personal area network (PAN) technology for short-range
transmission of digital information between various elec-
tronic devices (e.g., laptops, PDAs, telephones, desktop
PCs, printers, facsimiles, etc.) that can interconnect two or
more devices in one or more ad-hoc networks. Bluetooth
supports point-to-point and multipoint applications and is
described in further detail in the Bluetooth Baseband Speci-
fication 1.1 by the Bluetooth Special Interest Group (SIG),
which is expressly incorporated by reference in its entirety.

The emergence of Bluetooth as a default radio interface in
various types of devices provides an opportunity to turn
them from stand-alone tools into networked equipment
without the need for wired connections or added network
devices, such as a BTS, server, router, etc. Bluetooth offers
a number of advantages over conventional wireless tech-
nologies for communicating between individual electronic
devices. For example, unlike conventional infrared data
transmission techniques which require line-of-sight between
devices, Bluetooth uses omni-directional radio waves that
can transmit through walls and other non-metal barriers.
Further, infrared communication techniques often were lim-
ited to communication between only two devices at a time,
requiring a change in the physical alignment of devices for
a different pair of devices to communicate. With the use of
omni-directional radio and multiplexing of the radio signal,
Bluetooth enables communication between more than two
electronic devices without changing the physical orientation
of the devices. In addition, a device that works in accordance
with Bluetooth may also connect in a similar manner to any
type of radio communication network, such as cellular
networks, satellite or small local radio networks. (See, for
example, PCT Published Patent Application WO 00/69186,
which is hereby incorporated by reference.) Further, to
counteract interference from outside sources or from other
devices, Bluetooth units may downgrade the transmission
rate instead of halting transmissions altogether. However
there are a number of new challenges associated with using
Bluetooth technology for ad-hoc network communications,
partly stemming from the fact that Bluetooth was originally
developed for single hop wireless connections.

Bluetooth systems, in accordance with the Bluetooth
Baseband Specification 1.1, use short range radio technol-
ogy operating in the unlicensed 2.4 GHz Industrial-Scien-
tific-Medical (ISM) band using a frequency hopping
scheme. The IEEE 802.11 is another example of a specifi-
cation utilizing the ISM band. The Bluetooth hopping
scheme is performed on 79 RF channels spaced 1 MHz apart
using a frequency hopping spread spectrum technique that
changes its signal 1600 times per second. A frequency hop
transceiver is applied to combat interference and fading.
Bluetooth provides considerable data transfer capability at
short ranges; e.g., up to approximately 720 Kbps within
approximately 10 meters and up to approximately 100
meters with a power boost. The Bluetooth system provides
full-duplex transmission based on slotted Time Division
Duplex (TDD) scheme, where each slot is approximately
0.625 ms long.










































