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HIGH PERFORMANCE MOBILITY NETWORK WITH
AUTOCONFIGURATION

CROSS-REFERENCE TO PRIOR APPLICATIONS
[0001] This application claims priority benefit of U.S. Provisional Patent
Application No. 61/077,697, filed July 2, 2008, the contents of which are incorporated

herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] This invention describes a high performance wireless mesh architecture
which has been optimized for mobile end points. It is intended for Navy applications,
where the wireless mesh network extends between mobile ships and includes ship-to-
shore links, but it is equally applicable to other mobile elements on, in, or under land, air,

Ss¢a, Or space.

Related Art

[0003] Naval ships have relied on hardwired connections for network LAN
connectivity while in harbor. Under non-combative conditions, these ships disable high
powered military band communications when in close proximity to port, to minimize
interference with civilian communications systems. This invention provides a high
performance wireless mesh network, which connects the naval ships to the naval port

communications LAN. This patent describes the nodes used in the network, network
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design with mobility specific features, and the controller and algorithms used including
the method of automatic connectivity of multiple point-to-point (P2P) mobile ship radios
to fixed shore side radios. Multi-radio P2P mesh switch-routers perform automatic
discovery and connectivity of point to point links as RF link line of sight is created. This
invention is the first realization of such a network for naval applications. Prior to this

invention, no wideband wireless near shore communication systems were employed.

[0004] This invention is equally applicable to other mobile elements such as
soldiers, animals, or vehicles which traverse over, through, or under the land, sea, air, or

space.

SUMMARY OF THE INVENTION

[0005] In one aspect, the invention provides a network for maintaining
communication. The network comprises: a plurality of nodes, each node being one of a
base transceiver station and a mobile station and being configured to communicate with
one of a plurality of substantially like nodes; a plurality of radio modules associated with
each node, each radio module being configured for establishing a link with a radio
module associated with one of the other nodes; a mobility controller associated with each
node, each mobility controller being configured for controlling the radio modules
associated with that node; and a plurality of directional antennas associated with each
node, each directional antenna being configured for maintaining one of the links
concurrent to another of the antennas for maintaining another link. The links may be

between any combination of base transceiver stations and mobile stations. At least a first
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node of the plurality of nodes may comprise a base transceiver station, and at least a
second node of the plurality of nodes may comprise a mobile station. The at least first
node may comprise at least a first radio module and a second radio module of the
plurality of radio modules, and a first directional antenna and a second directional
antenna of the plurality of directional antennas. The at least second node may comprise
at least a third radio module and a fourth radio module of the plurality of radio modules,
and a third directional antenna and a fourth directional antenna of the plurality of
directional antennas. The at least first and third directional antennas may be configured
to maintain an active link. The at least second and fourth directional antennas may be

configured to maintain a standby link.

[0006] In another aspect, the invention provides a node in a network. The node is
one of a base transceiver station and a mobile station. The node is configured to
communicate with one of a plurality of substantially like nodes. The node comprises: a
first radio module and a second radio module, each radio module being configured to
establish a link with a radio module associated with another of the plurality of nodes; a
mobility controller configured for controlling the first and second radio modules; and a
plurality of directional antennas, each directional antenna being configured for
maintaining one of the links concurrent to another of the antennas for maintaining
another one of the links. When the node is a mobile station, the node may further include

at least two high gain directional antennas.
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[0007] In yet another aspect, the invention provides a method of communication
in a network. The network comprises a plurality of nodes, each node being one of a base
transceiver station and a mobile station and configured for communicating with one of a
plurality of substantially like nodes. The method comprises the steps of: a) using a base
transceiver station to transmit beacons, the beacons comprising a media access control
identifier specific to a radio module associated with the base transceiver station and a
usage indicator; b) using a mobile station to scan for beacons; ¢) using the mobile station
to sort the detected beacons according to a criterion selected from the group consisting of
signal strength and signal-to-noise ratio; d) establishing a first radio link between the
mobile station and the radio module associated with the base transceiver station, wherein
the selected radio module corresponds to the beacon having a greatest signal strength; ¢)
setting the usage indicator of the selected radio module to an unavailable status; and f)
repeating steps a, b, and ¢. The method may further comprise the step of: g) establishing
a second radio link by repeating steps a, b, ¢, and d, wherein no radio traffic is carried.
The method may further comprise the step of: h) when the signal strength of the first
radio link has reached a predetermined level, using the second radio link to transmit data
and terminating the first radio link. Step ¢ may further comprise the step of using the
mobile station to sort the detected beacons according to signal strength. Alternatively,
step ¢ may further comprise the step of using the mobile station to sort the detected

beacons according to signal-to-noise ratio.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0008] Figure 1 shows an illustration of a radio transceiver with a directional
antenna array that is intended for use as a base transceiver station node according to a

preferred embodiment of the invention.

[0009] Figure 2 shows an illustration of a radio transceiver with a directional
antenna array that is intended for use as a mobile station node according to a preferred

embodiment of the invention.

[0010] Figure 3 shows internal architectures for the radio transceivers of Figures

1 and 2, respectively.

[0011] Figures 4A, 4B, and 4C show alternative antenna configurations for the

radio transceivers of Figures 1 and 2.

[0012] Figure 5 shows an alternative omnidirectional antenna for use with the

radio transceivers of Figures 1 and 2.

[0013] Figure 6 shows an external high gain parabolic antenna for use with the

radio transceiver of Figure 1.

[0014] Figure 7 shows an exemplary configuration of base station transceiver

nodes and mobile transceiver nodes according to a preferred embodiment of the invention.
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[0015] Figures 8A and 8B show exemplary coverage areas for alternative antenna

configurations using the radio transceivers of Figures 1 and 2.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention details a wireless mobility network consisting of
fixed and mobile nodes. Unlike traditional cellular or packet data networks, where the
fixed network consists of multi-radio base transceiver stations (BTSs), and single radio
cell phones or mobile stations (MSs), this invention employs multiple radios in both the

BTSs and MSs.

[0017] Furthermore, and unlike traditionally wireless networks where the BTS
typically employ directional antennas most often in a sectorized arrangement, and the
MSs utilize omni-directional antennas, the present invention employs directional

antennas at both the BTS and MS end points. In addition, unique to the present invention
is that the MSs, as described above containing multiple radios, also contain at a minimum,

two high gain directional antennas.

[0018] All nodes—fixed (BTSs) and mobile (MSs), include a mobility controller
(MC) that controls two or more radio modules (RMs), and where each radio module

selects two or more directional or omni-directional antennas.

[0019] Multiple variations of RMs are employed depending on spectrum

availability and throughput requirements. For operation in the 24000-2483.5 MHz ISM
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band, an Access RM (ARM) is employed. Two versions of RMs called the Backhaul
Radio Module (BRM3, BRM4), and the Enhanced Radio Modules (ERM1, ERM2) are
employed for 5250-5850 MHz unlicensed band operation. A Military band RM (MRM)
is employed for 4400-4940 MHz operation. A Public Safety band RM (PSM) is
employed for licensed 4940-4990 MHz operation. A Japanese RM (JRM) is employed
for 4900-5100 MHz operation. A Transport RM (TRM) is employed for operation in the
Intelligent Transport System (ITS) band from 5850-5925 MHz. An IEEE 802.16d
WiMAX RM (WRM) is employed for operation in the licensed bands of 2300-2360 MHz
(WRM1), 2500-2700 MHz (WRM2, WRM3), 3500-3900 MHz (WRM4), and unlicensed
band of 5250-5850 MHz (WRMS). As new technologies become available enabling new
services, enhanced performance, or customer specific requirements, the RMs used to
form the P2P links may change. For example, higher frequency “common carrier” RMs
(CRMx) may be employed to utilize common carrier spectrum at 6 GHz, 11 GHz, 13
GHz, 19 GHz, 23 GHz and 28 GHz for example. Although this spectrum is carefully
controlled and licensed by the FCC for fixed wireless links, its application in naval
harbors, air force bases, and army bases is controlled by NTIA, and may be used for this
application, with assurances of control over radio frequency spill into civilian territories.

Additionally, multiple and different RMs may be employed in the same BTS or MS.

[0020] With two or more RMs, the MC can maintain fully redundant links on the
same or independent frequencies, to ensure high resiliency to interference from known or
unknown sources. With two or more radios, the mobility controller is able to mesh with

other mobile or fixed nodes, providing multiple independent links to further guarantee
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network performance. The high performance point-to-point (P2P) radios provide narrow
beamwidth radio frequency links enabling high interference rejection characteristics for

both unlicensed and licensed frequencies. Such high gain P2P links ensure optimal radio
link performance, for high throughput and low latency to transport voice and data IP and

pseudo-wire streams.

[0021] In accordance with one or more embodiments of the present invention,
cach BTS node contains four IEEE 802.11n MRM radios, where cach MRM is able to
selects one of two directional antennas. The embodiment requires two MS
configurations: one for smaller fleet ships contains two MRM radios each connected to a
single directional antenna; and one for larger fleet ships, such as air craft carriers,
contains up to four MRMs. In the BTS, the MC dynamically selects the optimum MRM
according to the algorithms described in this application, and associated antennas to
maintain independent wireless links to other BTS or MS nodes. In the MS, the MC
dynamically selects the optimum MRM for a primary link, and the alternate MRM for a
secondary link. Although the MRM utilizes the IEEE 802.11n standard, and operates in
the 4400-4940 MHz military spectrum, anyone of multiple standard or proprietary
wireless interface technologies, and anyone of multiple licensed or unlicensed bands may

have been employed.

[0022] The invention includes a fully redundant network path to a fixed node
where any one of multiple network physical layer connections may be used to connect to

the wired LAN. These interfaces may exist on any of the fixed or mobile nodes and
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include, but are not limited to 10/100/1000BASE-TX, T1/E1/T3/E3 or other TDM
interfaces carrying TDM traffic or packet data tunneled over TDM interfaces; optical
interfaces such as 100/1000BASE-FX or PON (Passive Optical Network); DSL (Digital
Subscriber Line) interfaces; broadband interface such as DOCSIS, serial interfaces such
as RS232, Firewire, USB1 or USB2.0 or its derivatives, parallel interfaces such as SCSI,
or other, multiple analogue interfaces, and any form of proprietary interface including a

wireless interface, standard or proprietary to the wired LAN.

[0023] Referring to Figure 1, in accordance with one or more embodiments of the
present invention, Figure 1 shows the BelAir200D physical view with four RMs each
with 2 antennas. This figure relates to the embodiment of the BTS which has eight RMs

and two antennas per RM. The antennas need not be co-located with the BTS.

[0024] Referring to Figures 2 and 3, Figure 2 shows the BelAir100D physical
view with two RMs each with 1 antenna which is the preferred embodiment of the MS.
The antennas may not be co-located with the MS. Figure 3 shows the BelAir100D and

BelAir200D logical architectures with MC, RM, antennas, and LIM ports.

[0025] Referring to Figures 4A, 4B, and 4C, these figures show a plurality of

variations on antenna configurations for each device. Figure 4A shows the case of eight
antennas, each with an azimuth beamwidth (polar plot) of at least 45 degrees, so that the
eight antennas form a 360 degree contiguous coverage. Figure 4B shows the case of six

antennas, each with an azimuth beamwidth (polar plot) of at least 60 degrees, so that the
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six antennas form a 360 degree contiguous coverage. Figure 4C shows the case of four
antennas, each with an azimuth beamwidth (polar plot) of at least 90 degrees, so that the
four antennas form a 360 degree contiguous coverage. These figures show embodiments
of the MS and BTS systems; however, anyone knowledgeable in the area can realize
variations on this using different numbers of antennas, or multiple units to provide the

360 degrees of coverage.

[0026] The antenna configurations shown in Figures 4A, 4B, and 4C show non-
overlapping coverage. As the antennas may be internal or external, it is anticipated that
these antenna patterns may need to be fully overlapping. This is especially true for long
distant links, where the MS node is locates several miles from the redundant BTS nodes.
The angle between the two RF links will be minimal, requiring antennas to be effectively

pointing in the same direction.

[0027] Referring to Figure 5, Figure 5 shows an optional omnidirectional antenna
designed for use on the BelAirl00D/BelAir200D. This antenna enables alternate variants
of those cases shown in Figures 4A, 4B, and 4C where the omnidirectional antenna is
used to ensure contiguous coverage where antenna patterns do not fully achieve 360

degrees of coverage.

[0028] Referring to Figure 6, Figure 6 shows the BelAir200D with external high
gain parabolic antennas for shore mounting and long distance links into the harbor.

These high gain antennas have narrow beam widths of 4-12 degrees requiring multiple

10
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antennas, each angled to create a contiguous coverage of the oceans approach to a harbor.
The high gain antennas, as high as 32 dB4i, yield a high capacity link to a remote MS
many miles away. Multiple technologies may be used for these applications including
vertical/horizontal polarization diversity, which is available on all antenna types, or

circularly polarized antennas with different left/right spins.

[0029] Referring to Figure 7, in accordance with one or more embodiments of the
present invention, Figure 7 shows a pier-side network configuration of BTS and MS

nodes. This network configuration shows the links: BTS to BTS; BTS to MS; and MS to
MS. This network configuration also shows redundant paths where the solid lines are the

main path, and the dotted lines are the redundant paths.

[0030] Referring to Figures 8A and 8B, Figure 8 A shows a harbor network
configuration, with long distance links achieved via high gain antennas such as parabolic
antennas. In this network configuration, full coverage of the harbor is achieved using
multiple non-overlapping antenna patterns. For example, the four BelAir200D BTS units
indicated in Figure 8A as 1, 2, 3, 4 provide 180 degrees of coverage using 16 antennas
with beam widths of approximately 11.25 degrees. Figure 8B shows the same harbor
network configuration as shown in Figure 8A, but with redundant links from BTS units 5,
6, 7, and 8. Similar configurations can be used for outdoor coverage of navy, army or air
force bases. BTS may be located around the perimeter and within campus, and with MS

nodes on road vehicles, or as part of a mobile ground crew.

11
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[0031]

Associated with the invention is a method (algorithm) executed by the

mobility controller (MC) for auto-selection of antennas and radio modules (RMs). The

algorithm comprises three orthogonal and concurrent algorithms, although the first

algorithm is optional and may be performed manually by network installers.

[0032]

The purpose of the first algorithm is to establish network connectivity of

BTS nodes. These nodes are maintained by a network management system, but must

either be programmed or must otherwise learn an optimized network deployment using

the following steps:

1.

BTS nodes which are wired connected to the network management system (NMS)
using one of the listed wired connectivity solutions are enabled to transmit
beacons on each radio module (RM) containing system identification information
(SSID), a medium access control (MAC) address specific to that RM, and an
availability indication indicating whether the link is free or is in use, and whether
it is a primary or secondary link. The selected channel is allocated from the NMS
system, but could have been determined locally through a free channel selection
process.

Other BTS nodes that are not wire connected scan all combinations of RMs,
channels, and antennas, to obtain a list of available nodes, sorted by BTS signal
strength with associated RM and antenna to select and establish a first optimal
link to the wired BTS, setting the link status to “unavailable”. Once these BTS
systems have an established connectivity to the NMS, they are enabled to transmit

beacons on each RM as described above.

12
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3. Each BTS is enabled by the NMS to establish a predetermined number of links to
other BTS nodes, with the remaining links reserved for MS nodes.
The above-described first algorithm is executed until the BTS nodes are all connected to

the NMS and are all operational with redundant paths to the NMS system.

[0033] The purpose of the second algorithm is to establish and maintain a first
optimal (primary) and second optimal (secondary) link from each MS to a BTS to
establish network connectivity. This second algorithm is maintained by the mobility
controller in the mobility station and relies on the BTS sending out beacons, each
consisting of MAC (medium Access Control) address, a system identifier (SSID), and an
availability indication as described above.

1. The MC in each MS node controls each RM to scan all available channels
searching for BTS nodes, using each attached antenna, to obtain a list of available
nodes, sorted by signal strength with associated RM and antenna.

2. The MC in each MS selects a first optimal combination of RM, channel, and
antenna and establishes a link to the BTS node based on the signal strength. The
MC then enables this primary link to carry data traffic. Primary links may steal
secondary links, resulting in an iterative link optimization process.

3. The MC in each MS selects a second optimal combination of RM, channel, and
antenna and establishes a link based on the signal strength. This is the secondary

link and is enabled, as a hot stand-by, but does not carry data traffic.

13
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4. The MC in each BTS compares the primary link to the secondary link, and if the
primary link degrades below the secondary link, then the secondary link becomes
the primary link, and the primary link becomes the secondary link.

Steps (3) and (4) are repeated indefinitely.

[0034] The purpose of the third algorithm is to establish and maintain a first
optimal (primary) and second optimal (secondary) link from each of the MS-to-MS nodes
to establish network connectivity. This third algorithm is maintained by the MC in the
MS and relies on the availability of unconnected radios—effectively, links which are still
“available”. These links are the most tenuous, as they are in full mobility, and have a

special “availability” status which is to indicate that they are MS-to-MS links.

[0035] This third algorithm relies on MS nodes sending out beacons, on each
unconnected RM, each comprising MAC (Medium Access Control) address, a system
identifier (SSID), and an availability indication, indicating whether the link is free or is in
use, and whether it is a primary or secondary link.

1. The MC in each MS node controls each unconnected RM to scan all available
channels searching for other MS nodes, using each attached antenna, to obtain a
list of available nodes, sorted by signal strength with associated RM and antenna.

2. The MC in each MS selects a first optimal combination of RM, channel, and
antenna and establishes a link to the MS node based on the signal strength. The

MC then enables this primary link to carry data traffic.

14
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3. The MC in each MS selects a second optimal combination of RM, channel, and
antenna and establishes a link based on the signal strength. This is the secondary
link and is enabled, as a hot stand-by, but does not carry data traffic.

4. The MC in each MS compares the primary link to the secondary link, and if the
primary link degrades below the secondary link, or if the secondary link is a MS-
to-BTS link, then the secondary link becomes the primary link, and the primary
link becomes the secondary link.

Steps (3) and (4) are repeated indefinitely.

[0036] Moreover, the disclosure and teachings provided herein should be
interpreted in view of the following. First, although the algorithms use signal strength as
a metric for maintaining a link, other link quality parameters may be used, such as signal-
to-noise ration (SNR), bit error rate (BER), link throughput, link capacity, or any other
such meaningful metric. Second, the algorithms in all cases may be tuned by the NMS
system, such as the introduction of exclusion lists, or permanent links. Third, although
the algorithms show P2P links, these are merely one preferred embodiment. Point-to-
multipoint (P2MP) links may be employed with the provision that the transmitted
beacons include multiple instances of link information, such as separate MAC addresses
for each P2MP link end point. Fourth, beacons have been described as a means to
disseminate the link information. However, beacons are discloses only as one example of
how this information may be transferred. In an alternative embodiment, the beacons may
be suppressed, and the BTS or MS station may be required to issue “probe requests” to

determine if a BTS or MS exists, and if so, to receive the details on the link status.

15



WO 2010/043983 PCT/1IB2009/008011

[0037] Although the algorithms are referred to as a “first”, “second”, and “third”
algorithm, in a preferred embodiment of the invention, these algorithms constitute a
single algorithms that is embedded within each MS and BTS. In one embodiment, the
nodes are pre-provisioned to be “BTS” or “MS” nodes and therefore operate only specific
aspects of the first, second, and third algorithms. In an alternative embodiment, nodes are

provisioned by the NMS once connectivity is established.

[0038] While the present invention has been described with respect to what is
presently considered to be the preferred embodiment, it is to be understood that the
invention is not limited to the disclosed embodiments. To the contrary, the invention is
intended to cover various modifications and equivalent arrangements included within the
spirit and scope of the appended claims. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all such modifications and

equivalent structures and functions.

16
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WHAT IS CLAIMED I8S:

1. A network for maintaining communication, comprising:

a plurality of nodes, each node being one of a base transceiver station and a
mobile station and being configured to communicate with one of a plurality of
substantially like nodes;

a plurality of radio modules associated with each node, each radio module being
configured for establishing a link with a radio module associated with one of the other
nodes;

a mobility controller associated with each node, each mobility controller being
configured for controlling the radio modules associated with that node; and

a plurality of directional antennas associated with each node, each directional
antenna being configured for maintaining one of the links concurrent to another of the
antennas for maintaining another link;

wherein the links may be between any combination of base transceiver stations

and mobile stations.

2. The network of claim 1, wherein at least a first node of the plurality of nodes
comprises a base transceiver station and at least a second node of the plurality of nodes
comprises a mobile station, and

wherein the at least first node comprises at least a first radio module and a second
radio module of the plurality of radio modules, and a first directional antenna and a

second directional antenna of the plurality of directional antennas, and

17
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wherein the at least second node comprises at least a third radio module and a
fourth radio module of the plurality of radio modules, and a third directional antenna and
a fourth directional antenna of the plurality of directional antennas, and

wherein the at least first and third directional antennas are configured to maintain
an active link, and wherein the at least second and fourth directional antennas are

configured to maintain a standby link.

3. A node in a network, the node being one of a base transceiver station and a mobile
station, and the node being configured to communicate with one of a plurality of
substantially like nodes, and the node comprising:

a first radio module and a second radio module, each radio module being
configured to establish a link with a radio module associated with another of the plurality
of nodes;

a mobility controller configured for controlling the first and second radio
modules; and

a plurality of directional antennas, each directional antenna being configured for
maintaining one of the links concurrent to another of the antennas for maintaining

another one of the links.

4. The node of claim 3, wherein when the node is a mobile station, the node further

comprises at least two high gain directional antennas.

18
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5. A method of communication in a network, the network comprising a plurality of
nodes, each node being one of a base transceiver station and a mobile station and
configured for communicating with one of a plurality of substantially like nodes, and the
method comprising the steps of:

a) using a base transceiver station to transmit beacons, the beacons comprising a
media access control identifier specific to a radio module associated with the base
transceiver station and a usage indicator;

b) using a mobile station to scan for beacons;

c¢) using the mobile station to sort the detected beacons according to a criterion
selected from the group consisting of signal strength and signal-to-noise ratio;

d) establishing a first radio link between the mobile station and the radio module
associated with the base transceiver station, wherein the selected radio module
corresponds to the beacon having a greatest signal strength;

e) setting the usage indicator of the selected radio module to an unavailable status;
and

f) repeating steps a, b, and c.

6. The method of claim 5, further comprising the step of:

g) establishing a second radio link by repeating steps a, b, ¢, and d, wherein no

radio traffic is carried.

7. The method of claim 6, further comprising the step of:

19
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h) when the signal strength of the first radio link has reached a predetermined

level, using the second radio link to transmit data and terminating the first radio link.

8. The method of claim 5, wherein step ¢ further comprises the step of using the mobile

station to sort the detected beacons according to signal strength.

9. The method of claim 5, wherein step ¢ further comprises the step of using the mobile

station to sort the detected beacons according to signal-to-noise ratio.

20
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