EP 2737 718 B1

Patent Office

iesbrovety (11) EP 2737 718 B1

(1 9) ’ e H"‘mmll‘mm“ll“l“m‘ll"m“‘"‘Hlll‘H"Hl”l”l”“l”l”
Patentamt
0 European

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: H04Q 1/02 (2006.07) HO1Q 1/12(2006.07)
04.09.2019 Bulletin 2019/36 H04B 5/00 %09%0V Ho1Q 13106 (20¢-9)

H01Q 21/20 (2006.0% HO4L 12/931 (2013.07)

{(21) Application number: 12820393.2
(86) International application number:

(22) Date of filing: 30.07.2012 PCT/US2012/048864

(87) International publication number:
WO 2013/019736 (07.02.2013 Gazette 2013/06)

{(54) SYSTEM AND METHOD FOR WIRELESS COMMUNICATION IN A BACKPLANE FABRIC
ARCHITECTURE

SYSTEM UND VERFAHREN ZUR DRAHTLOSEN KOMMUNIKATION IN EINER
BACKPLANE-VERNETZUNGSARCHITEKTUR

SYSTEME ET PROCEDE DE COMMUNICATION SANS FIL DANS UNE ARCHITECTURE DE FOND

DE PANIER
(84) Designated Contracting States: » BARDEEN, James, Robert Amos
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB Los Angeles, CA 90034 (US)
GRHRHUIEISITLILT LULVMC MK MT NL NO
PL PT RO RS SE SISK SM TR (74) Representative: Savi, Massimiliano et al
NOTARBARTOLO & GERVASI S.p.A.
(30) Priority: 29.07.2011 US 201161513434 P Corso di Porta Vittoria 9

20122 Milano (IT)
(43) Date of publication of application:

04.06.2014 Bulletin 2014/23 (56) References cited:
WO0-A1-2006/102749  WO-A2-2011/022556
(73) Proprietor: Vubiq Networks Inc. US-A- 5754 948 US-A1- 2006 234 787
Irvine CA 92618 (US) US-A1- 2008 218 413  US-A1- 2009 028 177

US-A1- 2010 231475 US-B1-7 373107
(72) Inventors:
* PETTUS, Michael, Gregory
Laguna Niguel, CA 92677 (US)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 2737 718 B1
Description

FIELD
[0001] The present disclosure relates generally to a system and method for wireless communication in a backplane
fabric mesh network architecture.

BACKGROUND

[0002] In enterprise computer and networking systems, it is often advantageous to utilize high-density computer
processing, data storage and telecommunication hardware components for the processing, storage, switching, routing
and transport of high speed data in the form of digital signals. It is also advantageous for a plurality of these various
components to communicate with each other at very high speed signaling rates. The use of a component-based system
having separation of functions such as processing, storage, switching, and input/output interfaces allows individual
components to be updated or upgraded independently from other components as well as allows customization for specific
tasks. Furthermore, the use of components is cost effective since developing or purchasing a new component is less
expensive than developing or purchasing an entirely new integrated hardware system that is not based on component
design. However, such existing systems are hardwired and use a central switching architecture to allow components to
communicate with one another.

[0003] Furthermore, the modern data center is suffering from the constraints of cabled, fixed-lane architectures. The
conceptofinterconnecting racks of computing/storage servers through switching equipmentwith high-speed cables/fibers
is taken for granted as the only method for providing connectivity. The fundamental technique used to provide random
server-to-server communications is dominated by the Ethernet switch, and in modern data centers the switching archi-
tecture is typically implemented through a tiered tree design. A typical equipment rack contains 20 to 40 servers that
connect with Ethernet cables to the top-of-rack (TOR) switch. The TOR switches are then interconnected to the next
tier in the switching system to an end-of-rack (EOR) switch (alsc known as a cluster switch). The EOR switch is normally
a 10 gigabit Ethernet (10 GigE) switch with 100’s of ports. The EOR/cluster switches are then interconnected with 10
GigE (heading towards 40 GigE in the near future) uplinks to the next tier. Adiagram of this type of system oftenresembles
a tree, and the interconnecting technologies are referred to as fat trees indicating higher-bandwidth interconnections
near the "root" in an attemptto provide maximal non-blocking connectivity. The tree architecture requires that the switching
be connected through several layers or stages in order to implement the required connectivity. Intra-rack connections
are usually 1 GigE to the TOR switch, and the uplink connections are 10 GigE to the cluster switch, although higher
speed connections are anticipated in the future heading towards 40 GigE and 100 GigE rates.

[0004] The implied switching architecture for the tree, or any system that uses fixed cabling for interconnection, is that
all data must traverse a common or central switching system. Like the traditional central office with circuit switching that
is centralized, the tree also has central elements at the higher tiers in the structure. This is simply a necessary fact for
physically connected (cabled) systems. Like a highway with fixed on and off ramps, a car must use the lanes and ramps
to get from point A to point B - there is no facility for randomly traversing two locations other than the infrastructure of
dedicated lanes and ramps. The fixed cabling in the data center is its own constraint - the industry has built these centers
based on this architectural assumption.

[0005] The efficiency of the networking architecture for a data center is affected by switch bandwidth, power, area
required (including the impact of cabling infrastructure), and total system capacity. The current switching topologies are
constrained by the maximum data communications bit rate that can be carried over cable or fiber as well as the practical
limit on the number of switch input and output ports. Given these constraints, the switching architectures have evolved
from the full non-blocking matrix to tree structures. By creating a tree with tiered levels, the maximum number ports per
switch element can be limited to allow implementation using commaodity switching integrated circuits.

[0006] As the size of the data center grows upwards towards 100,000 servers, the number of tiers in the switching
topology in turn must grow in order to control footprint and costs. An example of a proposed switching architecture for
a large data center may include a middle tier (ingress/egress switches or aggregation level) and two upper tiers of the
topology having a total of 216 10-gigabit (10GigE) switches, each with 144 ports, in addition to 5184 Top Of Rack (TOR)
switches designed to support a total of 103,680 servers. Below the middle tier are the racks containing the servers.
Implied in this design are 20 servers per rack. Each rack contains a TOR switch with twenty (20) 1GigE ports for the
servers and two (2) 10GigE uplink ports for connectivity to the nexttier. The upper tier (intermediate node/core switches)
carries the highest bandwidth traffic. Since the bandwidth at the root is higher than the leaves (at the servers), the tree
is designated as a fat tree.

[0007] In this example, the power required for each 10GigE switch is approximately 15 kW, totaling to over 3 MW for
the middle and upper tiers. The number of 10GigE uplink cables from the TOR switches is 5184 x 2 = 10,368. The
number of cables between the second and third tier is also 10,368, totaling to 20,736 10GigE cables for the system. The
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full bisection bandwidth of this proposed fat tree topology is 103.68 Th/s. Switching latency for a multi-tiered topology
is incurred by traversing each stage of the switched path. In this example data leaves the source TOR switch and must
move up through the second and third tiers and then back down to the destination TOR switch, accumulating 3 stages
of switch latency plus the propagation delay in the cables. Assuming fiber cabling for all the 10GigE connections, and
using the fastest known 10GigE switching equipment, the total (layer-1 only) latency comes out to a minimum of 2 ps.
[0008] Other approaches have proposed the reduction of switch equipment costs of afat tree using only 1GigE switches
in order to leverage the lower costs of commadity level GigE products. In this example, the fat tree is implemented using
2880 commodity 48-port GigE switches providing 27.648 Tb/s of bisection bandwidth (hosting 27,638 servers). However,
the savings in switch equipment costs would be obscured by the massive cabling required to interconnect the switches.
It is estimated that that over 200,000 meters of cable would be required weighing nearly 10,000 kg or 22,000 pounds.
This level of cabling complexity would significantly impact the design and cost of the proposed data center infrastructure.
[0009] What is needed is a system and method for high speed signaling in a backplane fabric that is not limited by
fixed physical media and/or a centralized switching architecture.

SUMMARY

[0010] The invention is defined by a wireless backplane network and a method according to independent claims 1
and 7. Preferred embodiments of the invention are stipulated in the dependent claims. While several embodiments
and/or examples have been disclosed in this description, the subject matter for which protection is sought is strictly and
solely limited to those embodiments and/or examples encompassed by the scope of the appended claims. Embodiments
and/or examples mentioned in the description that do not fall under the scope of the claims are useful for understanding
the invention.

[0011] Inone or more aspects, the waveguide antennas further comprise a flange shaped antenna having an antenna
aperture facing a distal end of the antenna housing; a communication device; and a launch transducer coupled to the
communication device, wherein the launch transducer emits millimeter wave electromagnetic energy configured to
propagate out the antenna aperture as millimeter wave radiation.

[0012] Inone or more of the above aspects, at least one of the waveguide antennas is configured to transmit data via
a launch transmitter transducer and/or at least one of the waveguide antennas is configured to receive data via a launch
receiver transducer.

[0013] In one or more of the above aspects, the first antenna system further comprises a processor configured to
operate an executable data handler stored in a memory, wherein the processor, when executing the executable data
handler, causes the processor to select a transmission path for the data message to the second antenna system. In an
aspect, the transmission path further comprises at least one intermediate antenna system.

[0014] In one or more of the above aspects, the first and second antenna systems communicate using time division
multiplexing access and frequency division multiplexing access.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are incorporated into and constitute a part of this specification, illustrate
one or more examples of embodiments and, together with the description of example embodiments, serve to explain
the principles and implementations of the embodiments.

Figure 1 illustrates an existing high speed hard wired backplane in accordance with prior art;

Figure 2 illustrates a general diagram of a wireless antenna node backplane system in accordance with an aspect
of the present disclosure;

Figure 3 illustrates a circuit schematic of a wireless node of the backplane system in accordance with an aspect of
the present disclosure;

Figure 4 illustrates an example diagram of the antenna node system in accordance with an aspect of the present
disclosure;

Figure 5A illustrates a functional diagram of the antenna node system in accordance with an aspect of the present
disclosure;

Figure 5B illustrates a block diagram of the antenna node system in accordance with an aspect of the present
disclosure;

Figures 6A-6B illustrate example diagrams of server rooms containing a mesh wireless node system in accordance
with an aspect of the present disclosure;

Figure 7Aillustrates a perspective block diagram of the antenna pedestal in accordance with an aspect of the present
disclosure

Figures 7B and 7C illustrate alternative aspects of the antenna pedestal in accordance with aspects of the present
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disclosure; and
Figures 8A-8C illustrate the antenna modules of the antenna housings in accordance with an aspect of the present

disclosure.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0016] Example embodiments are described herein in the context of a system and method for wireless communication
in a backplane mesh network architecture environment. Those of ordinary skill in the art will realize that the following
description is illustrative only and is not intended to be in any way limiting. Other embodiments will readily suggest
themselves to such skilled persons having the benefit of this disclosure. Reference will now be made in detail to imple-
mentations of the example embodiments as illustrated in the accompanying drawings. The same reference indicators
will be used throughout the drawings and the following description to refer to the same or like items.

[0017] Inthe interest of clarity, not all of the routine features of the implementations described herein are shown and
described. It will, of course, be appreciated that in the development of any such actual implementation, numerous
implementation-specific decisions must be made in order to achieve the developer’s specific goals, such as compliance
with application- and business-related constraints, and that these specific goals will vary from one implementation to
another and from one developer to another. Moreover, it will be appreciated that such a development effort might be
complex and time-consuming, but would nevertheless be a routine undertaking of engineering for those of ordinary skill
in the art having the benefit of this disclosure.

[0018] In accordance with this disclosure, the components, process steps, and/or data structures described herein
may be implemented using various types of operating systems, computing platforms, computer programs, and/or general
purpose machines. In addition, those of ordinary skill in the art will recognize that devices of a less general purpose
nature, such as hardwired devices, field programmable gate arrays (FPGAs), application specific integrated circuits
(ASICs), or the like, may also be used without departing from the scope of the inventive concepts disclosed herein. It is
understood that the phrase "an embodiment" encompasses more than one embodiment and is thus not limited to only
one embodiment. Where a method comprising a series of process steps is implemented by a computer or a machine
and those process steps can be stored as a series of instructions readable by the machine, they may be stored on a
tangible medium such as a computer memory device (e.g., ROM (Read Only Memory), PROM (Programmable Read
Only Memory), EEPROM (Electrically Eraseable Programmable Read Only Memory), FLASH Memory, Jump Drive, and
the like), magnetic storage medium (e.g., tape, magnetic disk drive, and the like), optical storage medium (e.g., CD-
ROM, DVD-ROM, paper card, paper tape and the like) and other types of program memory.

[0019] Existing structures for housing high speed digital components, such as servers, have rack-mountable cabinets
with internal printed circuit cards or blade slots, also referred to herein as "blades”. The blades carry multiple integrated
circuits and other supporting circuitry and are plugged intc a backplane printed circuit board that provides a set of
interconnection pathways or lanes between the blade slots. Existing methods for interconnection of the high speed digital
components (e.g. blades, backplanes and cabinets) or modules (e.g. integrated circuits, memory storage, processors,
interfaces) rely on copper printed circuit traces and/or copper or fiber optic cabling. The copper or fiber is the physical
medium used to transport electrical or optical signals. The total number of interconnects and lanes within a given system
is fixed, and extensibility is limited by the fixed nature of the physical media.

[0020] Since the components are randomly interconnected to each other on an as-needed basis to allow for flexible
component to component communications, the lanes and/or cables are typically routed to a centralized switching blade
or switching cabinet. If a given originating component needs to communicate with any other component in the system,
it must be interconnected with the centralized switching module so that the centralized switching module can switch and
direct the originating component signals to the desired destination component. The centralized switching module has a
fixed number of input and output connections and represents another fixed resource in the system that limits ultimate
capacity and extensibility of a component based system.

[0021] It should be noted that the physical implementation of a system of computers, servers and software can be
within a single blade, or within a cabinet (with multiple blades); as a group of multiple cabinets within a rack; and/or as
a group of racks within a larger space such as in a data center. The architecture of requiring a centralized switching
module is the same regardless of the scale of the system; whether switching between components on a single blade;
between blades via a backplane; between cabinets via cables to a switching unit; or between racks via cables within a
data center. The concept of a switched "fabric" broadly encompasses the switched functionality independently of the
physical size or of the switching architecture of the system.

[0022] Figure 1 illustrates the traditional high speed hard-wired blade system. As shown in Figure 1, the blade system
includes one or more backplanes 10 having several connectors 14 as well as one or more printed circuit board blades
12, 13 each having several connectors 16 whereby the blades 12, 13 are coupled to the backplane 10 via the connectors
14, 16. In the embodiment shown in Figure 1, the blade 13 has a processor 18 and the blade 12 has a high speed central
switch 20. Additionally, other system blades having circuit modules that are not shown (e.g. memory, interfaces, proc-
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essors) are contemplated to be connected to the backplane via corresponding connectors. In addition, each blade 12,
13 includes several line drivers/receivers 22 which are hardwired to the connectors, whereby signals are routed between
the blades 12, 13 and the backplane. In particular, the processor 18 and the central switch 20 in the blades 12, 13 are
shown to include four line driversireceivers 22 which are connected to their respective blade connectors 16 using
differential copper transmission lines 24. Additionally, the backplane 10 is hardwired between connectors 14 to allow
signals to travel between the processor blade 12 and the central switch blade 13 as well as other modules in other
blades. Note that the physical placement of the backplane relative to the blades may be at one end or between sets of
blades in the middle of an enclosure (known as a midplane).

[0023] The existing configuration in Figure 1 has many disadvantages. Signals from one module to another must travel
through the hardwire lines 24 in the blades 12, 13 as well as the backplane 10 and through the connectors 14, 16 between
the blades 12, 13 and the backplane 10. Additionally, all inter-blade communications must travel to the central switch
20 to be properly routed to the destination module. This translates into a substantially complex fabric having latency and
delay issues. The capacity of existing hard-wired backplane systems is also limited by the physical layout and number
of wired physical interconnects between elements in the system. Once the existing number of interconnects, or lanes
is used, the data communications capacity of the system is limited. Adding additional elements within the system is
impossible without re-design of the entire backplane and interconnect structure. Further, the cost in manufacturing the
blades and the backplane as well as the connectors and copper transmission lines can become very expensive.
[0024] To overcome these disadvantages and limitations, the novel system described utilizes a plurality of wireless
transceiver modules, alsoreferred to as nodes, preferably disposed on printed circuit boards. Each node has autonomous
intelligent routing and switching capability to allow the nodes to communicate with one another wirelessly without the
use of expensive interconnects or copper tracing. The resulting tightly coupled mesh network of transceiver modules
provides a less expensive solution which utilizes less power than centralized and hard-wired backplane systems.
[0025] Figure 2 illustrates a wireless backplane fabric system in accordance with an aspect of the present disclosure.
As shown in Figure 2, several printed circuit board blades 202-210 (generally referred to as blade or blades) include
one or more nodes 202 and are placed in a common cabinet 201 or in different cabinets spaced apart from one another.
As will be discussed in more detail below, the blades 202-210 communicate with one another within a cabinet or across
spaced cabinets 201 using wireless nodes. In an aspect, blades housed in portable or non-portable electronic devices
that are spatially apart from one another are able to perform wireless backplane communications using the nodes.
[0026] Each node is coupled to a power source as well as the module(s) that the node serves (e.g. blade, processor,
memory, interface, etc.). In particular to Figure 2, blade 202 includes three nodes 202A, 202B, 202C; blade 204 includes
four nodes 204A, 204B, 204C, and 204D; blade 206 includes four nodes 206A, 206B, 206C and 206D; blade 208 includes
four nodes 208A, 208B, 208C and 208D; and blade 210 includes four nodes 210A and 206B stacked on one another,
210C and 210D. It should be noted that any number of blades, including only one, are contemplated and each cabinet
may have one or more blades disposed thereon. It should be noted that any number of nodes may be configured on the
blades, including only one node, and the number of nodes on the blades are only exemplary in Figure 2. Although the
nodes are shown on one side of the blades in Figure 2, it is contemplated that the nodes may be disposed on the other
side of the blade or both sides of the blades. It should also be noted that it is not necessary that the nodes even be
disposed on ablade. For instance, the nodes may be integrated into one or more modules such as a memory, processor,
interface, etc., whereby the module itself is mounted on the printed circuit board blade. It should be noted that although
the nodes are primarily discussed in relation to be mounted onto to blades in a backplane fabric application, the nodes
may be used in a more general sense in which two or more modules, for example a processor and a memory physically
separate from one other may exchange data wirelessly using the nodes described herein.

[0027] As shown in the aspect in Figure 2, cne or more nodes are configured to pass data signals to an external
antenna node that is positioned externally to the cabinet structure 201 to allow wireless backplane signaling and com-
munications between blades in physically separate cabinets. For example, a node, such as antenna 212, may be placed
internally or externally to the cabinet structure 201, wherein the antenna 212 is optimized for transmitting and receiving
backplane signals connectivity to nodes within the cabinet and/or nodes in other spatially separated cabinets. This
provides the ability for the system 200 to extend the mesh network beyond the internal cabinet space and thus extend
the system 200 to serve as a backplane to other cabinets of an entire data center fabric. More details of the antenna
212, itself, are described and enabled below.

[0028] The extensibility of the described system 200 utilizes network capacity as a function of spectrum bandwidth
and modulation efficiency with effectively no limit set by the physical interconnects, central switches, cables or number
of physical conducting lanes as in hard-wired systems. It should be noted that although it is described that the inter-
cabinet communicating node is external to its cabinet, it is contemplated that the node may be included within the cabinet
or disposed on a blade within the cabinet. The inter-cabinet communicating node would be configured to have a higher
power and sensitivity setting and/or a dedicated time slot and/or channel to allow signals to be sent without interfering
with the mesh network within that node’s own cabinet.

[0029] As will be discussed, the nodes are wireless transceivers programmed to selectively communicate with other
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nodes to relay data signals in the millimeter wave frequency range therebetween and/or among blades without the need
of using connectors, a central switching module, hardwires or fixed backplane architectures. Each node is thus wirelessly
coupled to other modules on the blade and operate to dynamically and automatically determine and select when and
where to send signals along with the predetermined frequency channel, time slot, transmission power level, receiving
sensitivity level and/or other parameters based on sensing of the network’s spectral, data, and power conditions. Each
node effectively is an autonomous switch, thereby providing each blade with its own set of switches. This is in marked
contrast to existing backplanes which use a central switch shared among a plurality of blades.

[0030] Figure 3 illustrates a schematic of the node in accordance with an aspect of the present disclosure. It should
be noted that the operation of the node can be done via hardwire components, as described in Figure 3, and/or via
software components, as described in Figure 5B. In an aspect, the node 300 is operated in association with a commu-
nication device (Figure 8C), wherein the node 300 includes one or more transmitter communication elements which
includes a corresponding transmitter circuit and antenna, and one or more receiver communication elements which
includes a corresponding receiver circuit and antenna. In an aspect, the node 300 includes two sets of transmitter
communication elements, namely a first set having transmitter 308 coupled to antenna 316 as well as a second set
having transmitter 312 coupled to antenna 318. In an aspect, the node 300 includes two sets of receiver communication
elements, namely a first set having receiver 314 coupled to antenna 320 as well as a second set having receiver 310
coupled to antenna 322. The transmitters 308, 312 and receivers 310, 314 serve to modulate, power and control the
signals correspondingly transmitted or received via their respective antennas. In an embodiment, the transmitters 308,
312 and receivers 310, 314 are configured to have multiple-in, multiple-out (MIMO) or other smart antenna capabilities
to allow increased spectral efficiency, link reliability and/or diversity, such as reduced fading. It should be noted that the
circuit shown in Figure 3 is exemplary and is not to be considered limiting to what is shown in the Figure.

[0031] In addition, the node 300 includes data switching and routing circuitry and/or embedded software (firmware)
that controls the node’s functionality. In an aspect, a circuit 304 is connected via hardwire to the data source such as a
module or another node; and a circuit 306 connected via hardware to the data sink such as a module or another node.
In an aspect, the data sink and data source may be the same module (e.g. a memory or processor from and to which
data is stored and accessed). Node 300 also includes a switching circuit 302 which includes a plurality of individual
switches 302(a) through 302(i) (all shown in Figure 3 as being open), each of which can be independently controllable.
It should be noted that although nine individual switches 302(a) through 302(i) are shown in Figure 3, it is a non-limiting
example and any number of switches are contemplated.

[0032] The transmitter antennas 316 and 318 are connected to the transmitter circuits 308 and 312 respectively. In
an aspect, the inputs to the switching circuit 302 are connected to data source 304, receiver 310 and receiver 314. In
an aspect, outputs from the switching circuit 302 are preferably connected todata sink 306, transmitter 308 and transmitter
312. In an aspect, switches 302(a)-302(i) in switching circuit 302 can independently connect any input circuit to any
output circuit.

[0033] Thedata source 304 may additionally or alternatively provide data to instruct the node 300 to execute a particular
operation. For example, the operational instructions received by the node 300 may indicate the address of the destination
node and/or intermediate nodes, the level of power which will be attenuated by the transmitter, the time slot in which
the signalwill be communicated, the desired channel of the signal, the frequency at which the signal willbe communicated,
and/or the data rate of transmission and/or sensitivity at which the receiver must be at to properly receive the signal. In
an embodiment, the operational instructions or a portion thereof may be included in the signal wirelessly received by
antenna(s) 320, 322, whereby such instructions are solely used or combined with incoming instructions via the data
source 304 to instruct the node 300 of its operation.

[0034] Node 300 can be configured for various network switching modalities, some non-limiting examples including,
but not limited to: a receiver connected to the local data sink; a receiver connected to a transmitter for wireless repeating
functionality; a receiver connected to a transmitter and a second receiver connected to a second transmitter for multiple
repeating functionality; and/or a receiver connected to both the local data sink and to one or more transmitters for
simultaneous repeating functionality.

[0035] An example would be a wireless signal to local data sink function, whereby the receiver 310 receives a wireless
signal via antenna 322 and connects to data sink circuitry 306 via closed switch 302(c). An example would be the node
300 wirelessly receiving data and storing the data in a memory, whereby the memory is represented as the data sink.
Additionally or alternatively, the additional repeating function can be enabled by connecting the same signal from receiver
310 to transmitter 308 via closed switch 302(f). If only the repeating function from receiver 310 to transmitter 308 is
desired, then switch 302(c) can remain open while switch 302(f) is maintained in the closed position. An example of
providing dual simultaneous wireless repeating functionality would be to connect receiver 310 to transmitter 308 via
switch 302(f) and also connecting receiver 314 to transmitter 312 via closed switch 302(g).

[0036] Anotheroperationofthe node 300would be for a multicast function inwhich multiple receivers and/or transmitters
would be operating simultaneously, such as for operation using multiple-in, multiple-out (MIMO) technology. In an example
of the multicast function, receiver 310 would be connected to transmitters 312 and 308 through closed switches 302(i)
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and 302(f). Similarly, receiver 314 would be connected to transmitters 312 and 308 through closed switches 302(g) and
302(d). Additionally or alternatively, data source 304 would be connected to transmitters 312 and 308 through closed
switches 302(h) and 302(e). Note that the relative size in dimension of the switching circuitry 302 is much smaller than
a typical centralized large system switch. The smaller dimension and size of the node yields lower propagation delay,
lower power required and active switching functionality that is only used on an as-needed basis across the system of
wireless mesh nodes in the proposed embodiment.

[0037] It should be noted that the circuit shown in Figure 3 is an example of the node, and it will be appreciated that
circuit configuration as well as the number of antennas, transmitters, receivers, data sinks and data sources may vary
depending on the application of the node. In an embodiment, the transmitter and receiver antennas are in an opposed
configuration as shown in Figure 3. This configuration shown in Figure 3 allows the transmitting antenna 316 and the
receiving antenna 322 to communicate with wireless signals on the one side of the node whereas the transmitting antenna
318 and the receiving antenna 320 are able to communicate with wireless signals on the opposite side of the node in a
symmetrical manner. Although the configuration of the opposed transmitting and receiving antennas are preferred, it is
contemplated that a non-symmetrical antenna configuration can be implemented. It should be noted that although the
circuit described herein has a particular configuration, it should be noted that other configurations are contemplated and
are not limited to the example circuit.

[0038] In an aspect, the node 300 operates in a half duplex mode in which the node 300 either transmits or receives
data, such that the node 300 does not receive data during transmission and does not transmit data while receiving data.
In an aspect, the node 300 operates in a full duplex mode in which the node 300 simultanecusly transmits and receives
data via its respective antennas. It should also be noted that although the node 300 is described as including one or
more transmitter and receiver antennas, it is contemplated that the node 300 may alternatively have only transmitting
or receiving capabilities.

[0039] The transceiver node 300 is able to perform a variety of functions to allow effective communication between
electronic devices, modules, blades and/or cabinets. The node 300 is able to receive data from a data source 304, such
as a local connection on the plane, and transmit the data or a portion of the data wirelessly via either or both of the
transmitter antennas 316, 318. In an embodiment, the data source 304 may be connected to the node by a hard wire,
although the node may receive signals from the data source 304 wirelessly. The node 300 is also capable of receiving
data from the data source 304 and transmitting the data to the data sink 306. Additionally, the node 300 is capable of
performing repeated functionality in which the node 300 receives data wirelessly from either or both receiver antennas
320, 322 and transmits the data (or a portion thereof) to either or both of the transmitter antennas 316, 318, thereby
acting as an intermediate node between one or more source and destination nodes 300. Additionally or alternatively,
the node 300 is able send the received data (or a portion thereof) to the data sink 306. In an aspect, the switches of the
node 300 are hardware logic based, although operation of the switches in the node 300 may be alternatively/additionally
be controlled by software. In an aspect, each transceiver nade 300 can arbitrarily or selectively assign a millimeter wave
frequency channel of selectable channel spectrum width for transmission and reception of data independent from a set
of frequency channels within a given millimeter wave band.

[0040] Referring back to Figure 2, each node is able to receive operational instructions and communicate data signals
in conjunction with those operational instructions to effectively operate in a wireless backplane fabric. The arrows shown
in Figure 2 represent data communication connection channels between two or more respective nodes, whereby the
connection channel is established and data is transferred wirelessly using electromagnetic radiation or RF signals in the
millimeter wavelength or 60-240 GHz range. It should be noted that the description in Figure 2 refers to the wireless
communication between nodes, and is contemplated to be applied to wireless communication between nodes located
on different server cabinets (Figures 6A and 6B).

[0041] For example in Figure 2, wireless node 202A has a wireless connection with node 204A (arrow 1A), whereby
data signals are passed wirelessly at time slot A on connection channel 1. In the example, node 204A is communicating
data signals with node 206A at time slot A but on connection channel 7 (arrow A7), and node 202B is communicating
with node 204B at time slot A on connection channel 4 (arrow A4), at substantially the same and/or different times.
[0042] In an aspect, the present novel system utilizes various time divisional multiplexing access (TDMA) and/or
frequency division multiplexing access (FDMA) technigues to efficiently and effectively communicate data signals wireless
among nodes within and between spaced blades 202-210. It should be noted that the present novel system can utilize
other channel access methods or multiple access methods.

[0043] Regarding FDMA, the nodes are configured to communicate in the same time slot at different frequencies. In
the example in Figure 2, FDMA techniques can be utilized such that, for a different time slot B, node 206B communicates
with node 208A using channel 4, shown as arrow B4, (the same channel between 202B and 204B) without interfering
with the signal transfer between nodes 202B and 204B. Regarding TDMA, the system can alternatively/additionally
utilize TDMA techniques to allow multiple pairs of nodes to communicate on the same frequency channel at different
time slots.

[0044] Inanaspect, the system can utilize FDMA and TDMA techniques togetherto apply a spectrum access technique
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to pass data between nodes. For instance, the nodes can utilize a frequency hopping spread spectrum (FHSS) technique
in which the transmitter and receiver nodes communicate data over a specific sequence of coordinated frequency
changes over set time slots. Spread spectrum technigues mitigate co-channel interference in tightly coupled electro-
magnetic environments and allow multiple transceiver nodes to simultaneously communicate data using different fre-
quency hopping sequences. Other autonomous routing, control, modulation and access parameters are contemplated
for use by the system which include but are not limited to: sensed propagation channel conditions, modulation index
selection, transmit power level selection, receive sensitivity level selection, and antenna beam heading selection.
[0045] In an aspect, the system 200 is able to adjust the gain and sensitivity of one or more of the nodes to allow
signal transfer at the same time and/or frequency channel of a communication between other nodes without interfering
with other existing communication channels. As shown in Figure 2, node 204B and 206B are shown communicating at
time slot A on frequency channel 3 (arrow A3) while nodes 208C and 210D are communicating at the same time slot
and frequency. To prevent any interference between the two pairs of nodes, the nodes 204B and 206B are instructed
to have their respective gains/sensitivities adjusted at a level low enough such that the signal does not interfere with the
channel between nodes 208C and 210D (while achieving optimal data transfer) and vice versa. In an aspect, the nodes
are precisely controlled to allow them to efficiently and effectively communicate with one another without generating
interference by selectively using different channels, time slots and utilizing power and/or sensitivity levels.

[0046] In an aspect, multiple nodes operating simultaneously may be selected either from within a single transceiver
module or among several modules for improved spectral efficiencies using space-time coding parameter selection (as
used in multiple input multiple output "MIMO" systems). The environment for the use of the described system is within
cabinet structures and between cabinets in a data or computing center (Figures 6A and 6B). The interior of a cabinet
contains multiple cards or blades and typically has electromagnetic environments with highly reflective surfaces and
propagation paths that will randomly vary from line-of-sight to highly scattered. In an aspect, the system is configured
to allow the individual nodes to control various parameters themselves, including but not limited to: transmitting power
settings, receiving sensitivity settings, channel frequency, antenna beam heading settings, modulation efficiency, MIMO
space-time coding, multiplexing techniques and the like.

[0047] Inan aspect, by using millimeter wave frequencies (typically 60 GHz and higher) with wavelengths on the order
of afew millimeters in conjunction with variable parameter control, the system is able to control communications distances
between nodes to within a few centimeters. However, it is contemplated that communication channels can be established
(and data thus transmitted over those channels) over greater distances between nodes. In an aspect, the nodes com-
municate at 60 GHz and in particular, the 57-64 GHz range. In an aspect, the nodes communicate at the 120 GHz and/or
the 240 GHz range. However, in the present application, 57-64 GHz frequency range is used in describing the system.
Of course, it should be noted that the system is able to operate effectively at other frequencies and in other frequency
ranges and is thus not limited to the above values.

[0048] During operation, the nodes are able to communicate with one another in which cne or more source nodes
select one or more destination nodes (as well as one or more intermediate nodes) to communicate data over commu-
nications channels. The transmitting or source node then selects and establishes a connection channel to wirelessly
transmit (and possibly receive) data to the destination node(s) directly or through the intermediate node(s) using the
millimeter wave frequency range. The source node is preferably programmed to have a predetermined selected power
setting and the destination node is programmed to have a predetermined selected sensitivity setting to allow successful
communication of the data packets between the nodes.

[0049] In particular, each node identifies its operating parameters or profile each time it establishes a connection
channel and sends data over the connection channelto one or more destination nodes, whereby the operating parameters
or profile is attached to header information of the data packets. The operating parameters include, but are not limited
to, routing information, selected multiplexing instructions, gain/sensitivity instruction data and other relevant information
to allow a successful channel connection and data transfer between the source and destination nodes. In an aspect
where the multiplexing instructions are directed to a set frequency hopping sequence, specific channel sequence and
associated time counter instructions are included with the operating parameters.

[0050] In anaspect, a network protocol is used to provide a transport mechanism that contains both data payload and
network overhead information, along with standard packet information such as start, length, addresses, cyclicredundancy
check (CRC), etc. The network overhead information includes operational information needed by the nodes for commu-
nicating their internal parameters. In-place wireless standards (such as IEEE 802.11, 802.1 In, 802.15 and/or 802.16)
may be used to form the basis of the medium access control (MAC) layer with additions for the specialized physical
layer requirements in a closely-spaced, millimeter wave mesh network using a frequency hopping protocol. In addition,
when highly directional antennas are used, spatial separation allows frequency division multiplexing (FDMA) and full
duplex operation.

[0051] One particular protocol, although only an example, may be:

[(start of packet, length, pads) - (source and destination addresses) - (network overhead) - (data XXXXXXxxxxxxx payload)
- (cyclic redundancy check) - (end of packet)]
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[0052] In an aspect, along with each transmission, each node provides the profile information of itself and/or one or
more intermediate nodes which are in proximity and/or are of interest to the transmitting node ("neighboring node").
Such profile information may include addresses of one or more identified nodes, frequency hopping sequences, gain/sen-
sitivity information, bandwidth information, time counters and other relevant general or specific information of the identified
nodes. As such, the profile information of the neighboring nodes allow the destination node(s) to have status information
of other nodes in the environment to allow the destination node(s) to make routing decisions or perform other functions
to ensure efficient network backplane connectivity. For example, the profile information may provide quality of link
information that identifies one or more nodes, neighboring the destination node, which have often dropped or timed-out
on an established connection channel. In another instance, the quality of link data may indicate that there is a risk of
cross-talk interference due to the positioning of the neighboring node with respect to the destination node and/or other
components, etc. Once the destination node receives the profile information, it stores the information in a local memory,
whereby the destination node (acting as a source or transmitting node) can access the stored profile information in the
memory and analyze profile information of the other nodes in the environment when deciding a connection channel route
over which it is to transmit data packets.

[0053] Inan aspect, the nodes may supply profile information of other nodes in header information when establishing
a connection channel. Such profile information is supplied in each transmitting signal to ensure that the receiving node
or nodes are always updated with the status of other nodes in the system. In another aspect, each node periodically
provides profile information of other nodes that it has locally stored to one or more other nodes to ensure an up-to-date
and consistent snapshot of the node environment. In other words, the system will constantly be updated with node profile
information at any instantaneous point.

[0054] By sharing profile information among the various nodes, each node will have relevant status information of
other nodes in the system, thereby allowing the nodes to operate as a "smart" switching system without the need of a
central switching module. For example, referring back to Figure 2, node 204C, by knowing the profile of the node 208C
(either directly from node 208C or its neighbors), is able to directly transmit data wirelessly to node 208C. In doing so,
the node 204C inserts the destination address of node 208C in the data packet, along with node 204C’s current profile
with the other desired or necessary data, and transmits the packet to node 208C. The signal is transmitted on the
frequency channel which corresponds to one of the frequencies being used by node 208C to receive data and is trans-
mitted once, a predetermined amount of times, or continuously until the receiving node 208C receives the message.
Upon receiving the message from node 204C, node 208 immediately sends an acknowledgement message back to
node 204C on the same frequency channel or on another frequency channel. In an aspect, the node 204C, uponreceiving
the acknowledgement message, transmits an acknowledgement-acknowledgement message back to node 208C.
[0055] In another example aspect, node 204C may be informed (using profile information from node 208C or another
node) that node 208C has adjusted its sensitivity to only be able to receive signals from nodes immediately next to node
208C or some other distance which prevents node 204C from directly communicating with node 208C. In this example,
node 204 C will modify the routing instructions such that the message, which has an ultimate destination address of node
208C, will travel through intermediate node 206D. Node 204C would thereby transmit its packet to node 206D (or any
other chosen node), whereby node 206D upon receiving the packet will process the routing instructions for the connection
and send the packet to destination node 208C. In addition, in acknowledging the packet to node 204C, node 206D may
send two separate acknowledgements (one for receiving the packet from the source and one for receiving the acknowl-
edgement from the destination) separately or together.

[0056] In an aspect, the system is able track, store and/or analyze all communications between nodes to improve
operation of the overall wireless node network. In an example, the system tracks, stores and/or analyzes the number of
successful and unsuccessful connections between nodes. Additionally or alternatively, the system can track and store
the number of interference events, timeouts, signal drops, and/or other network related data between nodes to provide
a statistical analysis or history to allow the system to improve communications between nodes. This information may
also be analyzed by an administrator or designer to improve the operation the wireless node network. For example, the
system may analyze tracked information indicating that node 202A commonly drops signals with node 204A when node
204A acts as an intermediate node between node 202A and any other node. In the example, the system uses this
information to instruct the node 204A (and all the other nodes) to no longer act as an intermediary for node 202A. In an
embodiment, the system can use the tracked information as a diagnostic tool for improving the system.

[0057] The system is scalable in that the system can handle a change in the number of nodes (e.g. increased or
decreased in number) and immediately begin communicating and transferring data with the modified system. The reg-
istration process of a new node will now be discussed. In an aspect, upon a new node coming online, the node proceeds
to an acquiring mode in which it is assighed a random or preselected frequency hopping scheme as well as a random
or preselected time counter scheme. Upon being assigned its operating protocol, the new node transmits an announce-
ment message to one or more other nodes by runningthrough its assigned frequency scheme, in whichthe announcement
message may include the new node’s operating profile.

[0058] In an aspect, upon the other nodes receiving the announcement message, the receiving nodes transmit an
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acknowledgement message back to the new node, whereby the acknowledgment messages confirm receipt of the
announcement message. In an aspect, the acknowledgement messages may include local and/or global profile infor-
mation of the nodes in the system. Upon receiving the acknowledgement message, the new node stores this information
and is able to handle communications with the other nodes.

[0059] Inanaspect, one or more nodes may be configured to serve as an interface module, as an addition or substitute,
to Bluetooth, USB, firewire, infrared, etc., to allow communication with an external device. In an example, an interface
node may be configured in a laptop computer whereby the laptop interface node can sense, configure and automatically
begin wirelessly communicating with a mobile phone, PDA, media player or other electronic device also having a trans-
ceiver node as that described herein. The system and method described herein can be used on various interfaces and
existing fabrics for different market sectors such as Ethernet, Myrinet, Infiniband, etc. The system may be used to
communicate between two or more electronic devices which traditionally use wires or cables (e.g. television and video
equipment, audio receiver and remote speakers, servers in a server stack; multiple server stacks in a data center). The
system may also be used to allow data communication between components within a single housing (e.g. between
processor and memory in a high definition video camera). As will be discussed in more detail below, one or more nodes
of blade(s) of a server stack can communicate with one or more nodes of servers in another server stack using the
60-240 GHz frequency range via one or maore antenna nodes 212, as will be discussed in more detail below.

[0060] Figure 4 illustrates an example wireless node antenna system located in a server device cabinet in accordance
with an aspect of the present disclosure. Figure 5A illustrates a base of the example wireless node antenna system in
accordance with an aspect of the present disclosure. Figure 5B illustrates a block diagram of components of the antenna
system in accordance with an aspect of the present disclosure.

[0061] In general, each wireless node system 400 functions as an intelligent backplane switch and router used in a
close area mesh network. The node systems 400, in aggregate, employ directional antenna pedestals 500 configured
to target and wirelessly beam data over a 60-240 GHz frequency band to other antenna pedestals of other server cabinets
in a data center. Since 60 GHz has such a short wavelength (5 mm), the antenna system 400, using processing and
hardware capability, can acheive very high directivity with relatively small sized antenna pedestals 500. Note that there
are no additional switches in this architecture, it is essentially a single-tier or flat mesh network composed of a plurality
of antenna systems 400 and their wireless pedestals 500.

[0062] As shown in Figure 4, the node antenna system 400 includes an electronic switch base 402 and one or more
antenna pedestals 500. In an aspect, the antenna system 400 is configured as a Top Of Rack (TOR) device that is
located near the top of a server cabinet 600 housing a plurality of server processors and/or server blades 602 (See
Figures 6A and 6B). As shown in Figures 6A and 6B, the antenna pedestal 500 sits on and/or above the cabinets 600
to allow wireless millimeter wave communications with other wireless pedestals of other server cabinets in a data center
or server room.

[0063] Although it is shown that the pedestal 500 is directly mounted to the base 402 in Figure 4, it is contemplated
that the pedestal 500 can be alternatively coupled to the base 402 by hardwire (or wirelessly) such that the pedestal
500 is not directly mounted to the base 402 but is mounted to another object. For instance, one or more pedestals 500E
may be mounted to the ceiling 99, as shown in Figure 6A.

[0064] It should be noted that although the antenna system is designated as being located on a top surface of a server
cabinet, the antenna system can be utilized elsewhere with respect to the server cabinet. It should be noted that at least
one antenna pedestal may be located on a side or bottom of a server cabinet in another aspect. It should also be noted
that the antenna pedestal may be configured to operate with electronic devices other than servers, such as portable or
non-portable electronic devices. For example, the antenna system 400 may be used to allow data wireless communi-
cations between two portable or non-portable electronic devices.

[0065] As shown in Figures 4 and 5A, the base 402 of the antenna system 400 includes a plurality of server ports 406
configured to receive hardwired Ethernet cables connected to the corresponding network devices (e.g. servers 602)
housed in the cabinet 600. In particular, as will be discussed in more detail below, a data handler module 414 in the
system 400 handles data messages that are received via the network interface 406 and configures the data messages
to be transmitted wirelessly through one or more sectors (shown as Sectors 1, 2, 3...n) of the antenna pedestal 500 via
one or more selected channels. Similarly, the data handler module 414 of the system 400 handles data messages that
are received via one or more sectors of the antenna pedestal 500 and configures the received data messages to be
sent to the destination network device 602 via the network interface 406.

[0066] Figure 5B illustrates a block diagram of the wireless antenna system 400 in accordance with an aspect of the
present disclosure. As shown in Figure 5B, the wireless antenna 400 includes a device processor 410 configured to
execute computer/machine readable and executable instructions stored in a device memory 416 or elsewhere. Such
instructions, when executed by one or more processors, implement network traffic management related functions of the
antenna system 400. The processor 410, like the data handler 414, may comprise one or more digital sighal processors,
micro-controllers, application specific integrated circuits ("ASICs"), programmable logic devices ("PLDs"), field program-
mable logic devices ("FPLDs"), field programmable gate arrays ("FPGAs"), and the like.
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[0067] Device I/O interface 412 comprises one or more user input and output device interface mechanisms. The
interface 412 may include a computer keyboard, mouse, touchscreen display device, and the corresponding physical
ports and underlying supporting hardware and software to enable the antenna system 400 to communicate with the
outside environment. Such communication may include accepting user data input and to provide user output, although
other types and numbers of user input and output devices may be used.

[0068] Network interface 406 comprises one or more mechanisms that receive hardwired Ethernet cables connected
to one or more servers and enable the antenna system 400 to send and receive data between the local servers and one
or more servers of one or more other spatially distanced server cabinets. In an aspect, the network interface 406 may
comprise other appropriate physical ports dedicated to receiving and/or transmitting certain types of network data, such
as device management related data for configuring the one or more antenna systems 400 and/or client request/server
response related data.

[0069] In general, data is communicated via the network interfaces 406 through network communications over one or
more Local Area Networks and/or Wide Area Networks using one or more desired protocols (e.g. TCP/IP, UDP, HTTP,
RADIUS, DNS). However, it is contemplated that the network interfaces 406 may be configured for use with other
communication protocols and types of networks. Network interface(s) 406 are sometimes referred to as a transceiver,
transceiving device, network interface card (NIC), and the like.

[0070] Bus 408 may comprise one or more internal device component communication buses, links, bridges and sup-
porting components, such as bus controllers and/or arbiters. The bus 408 enables the various components of the antenna
system 400, such as the processor(s) 410, device I/O interface(s) 412, network interface(s) 406, antenna pedestal(s)
404, and device memories 416, to communicate with one another. However, it is contemplated that the bus 418 may
enable one or more components of the antenna system 400to communicate with components in other devices as well.
Example buses include HyperTransport, PCl, PCI Express, InfiniBand, USB, Firewire, Serial ATA (SATA), SCSI, IDE
and AGP buses. However, it is contemplated that other types and numbers of buses may be used, whereby the particular
types and arrangement of buses will depend on the particular configuration of the antenna system 400.

[0071] Device memory 416 comprises computer readable media, namely computer readable or processor readable
storage media, which are examples of machine-readable storage media. Computer readable storage/machine-readable
storage media may include tangible, non-transitory, volatile, nonvolatile, removable, and non-removable media imple-
mented for storage of information. Such storage media includes computer readable/machine-executable instructions,
data structures, program modules, or other data, which may be obtained and/or executed by one or more processors,
such as device processor 412. Such instructions, when executed by one or more processors, causes or allows the
antennasystem 400to perform actions including implementing an operating system for controlling the general operations,
manage network traffic, and perform the process described in the following description in accordance with the present
disclosure. Examples of computer readable storage media include RAM, BIOS, ROM, EEPROM, flash/firmware memory
or other memory technology, CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic cassettes, mag-
netic tape, magnetic disk storage or other magnetic storage devices, or any other medium which can be used to store
the information.

[0072] In an aspect, a handler module 414 is a software based component which handles the smart switching and
other operations described above in Figure 2. The handler module 414 is stored in a memory 416 or other memory
stored within or external to the system 400. It is also contemplated that the handler module 414 be configured as a
combination of hardware and software components. Although the system 400 is described herein as a standalone
hardware device which is coupled to one or more servers, it is contemplated that the system may include one or mere
components that are handled by the servers themselves, whereby only a portion of the functions described herein are
performed at the system 400. In one particular example, the system 400 may include the antenna pedestal 404 only,
whereby the other functions described below are handled by one or more network devices (e.g. servers 602). It should
be noted that the system 400 could include other types and/or numbers of components and is thus not limited to the
example shown in Figures 5A and 5B. Specifics of the example components in the antenna system will now be described.
[0073] Figure 7A illustrates a perspective block diagram of the antenna pedestal in accordance with an aspect of the
presentdisclosure. As shown in Figure 7A, the antenna pedestal 500 includes a base 502 having a plurality of waveguide
antennahousing structures 504 (referred to generally as "antenna housings"). The maximum number of antenna housing
structures 504 that a particular base 502 can receive and engage is preestablished, although it is contemplated that the
base 502 can be designed to receive 8, 16, 32, 64, 128, 256 or any other number of antenna housings 504. In an aspect,
the antenna housings 504 are fixedly mounted, along their bottom surfaces, to the base 502. In an alternative aspect,
one or maore antenna housings 504 are removable from the base 502, as discussed in more detail below.

[0074] It should be noted that the design described in Figure 7A and hereinafter is an example and other designs are
contemplated. For instance, the base 502 is shown as being circular, but other cross sectional shapes are contemplated
(e.g. square, triangular). Also, the particular shapes of the antenna housings 504 shown in the drawings are exemplary
and can take form in other appropriate designs. It should further be noted that the particular configuration of how the
antenna housings 504 are laid out on the base 502 is not limited to the outward center configuration shown in Figure
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7A. For example, as shown in Figure 7C, the base 502’ of the pedestal 500’ is shown as being square shaped, whereby
the antenna housings 502’ are laid out in a rectangular configuration. As can be seen, the layout configuration of the
antenna housings 502’ in Figure 7C is different than the 306 degree circular antenna housing configuration shown in
Figure 7A.

[0075] Although not shown in the figures, it is contemplated that the base 502 includes a motor (not shown) which
causes the base 502, and thus the antenna housings 504, to rotate about a center vertical axis Z. Additionally or
alternatively, it is contemplated that the base 502 includes a motor (not shown) which causes the base, and thus the
antenna housings 504, to pivot and tilt about horizontal axis X. Additionally or alternatively, it is contemplated that the
base 502 includes a motor (not shown) which causes the base, and thus the antenna housings 504, to pivot and tilt
about horizontal axis Y, whereby axis Y is perpendicular to both axes X and Z.

[0076] Referring back to the example in Figure 7A, the antenna housings 504 each have a proximal end 506, which
is closer to the center of the base 502, and a distal end 508, opposite of the proximal end 506, wherein the distal end
508 faces in an outward direction from the center of the base 502. In an example aspect shown in Figure 7A, the pedestal
500 is shown to have 16 antenna housings 504 laid out in a 360 degree circular fashion. However, as mentioned above,
the pedestal 500 may be designed to include a greater or lesser number of antenna housings 502. It should also be
noted that although the pedestal 500 shown in Figure 7A has its base 502 covered by the antenna housings 504, it is
contemplated that at least a portion of the base 502 may not be covered with antenna housing(s) 504, as shown in
Figure 7B. Although not shown in Figure 7B, the portion of the base 502" which does not include antenna housings 504
thereon may have interface ports (not shown) which may later receive and engage antenna housings 504’.

[0077] Figure 8A illustrates a side view of a waveguide antenna housing structure in accordance with an aspect of the
present disclosure. In particular, the antenna housing 504 includes a radome lid 508, an inner support member 510,
one or more antenna modules 512 and an interface 516. It should be noted that the inner configuration of the antenna
housing 504 shown in Figure 8A is exemplary and that it is contemplated that the inner configuration of the antenna
housing 504 may be different to include additional, fewer and/or different inner components.

[0078] As shown in Figure 8A, the antenna housing 504 includes a plug-in interface 516 that is configured to engage
the antenna housing 504 with a corresponding port in the base 502 and thus electrically couple the antenna housing
504 with the antenna system 400. In an aspect, the plug-in interface 516 has a lock/release component which allows
the antenna housing 504 to be selectively removable from the base 502. This allows different types of antenna housings
504 to be added to and/or removed from the base 502. As shown in Figure 8A, the antenna housing 504 includes an
inner support member 510 that is electrically coupled to the plug-in interface 516 and supports the antenna module(s) 512.
[0079] In addition, the antenna housing 504 includes one or more 60-240 GHz millimeter wave antenna modules 512
within, wherein the antenna modules 512 are operatively coupled to the antenna system 400 when the antenna housing
504 is connected to the base 502. As shown in Figure 8A, the example antenna housing 504 includes eight antenna
modules 512 (e.g. 4 transmitter antenna modules and 4 receiver antenna modules) that are in a vertically stacked
configuration, although a greater number or lesser number of antenna modules 512 can be used based on the frequency
(60-240 GHz). For example, an antenna housing 504 may be configured to include only one antenna module 512 therein.
[0080] Inanexample aspect, one or more antenna modules may have the following parameters: 240 GHz; 128 Sectors;
Sector angle = 2.8°; Azimuth beamwidth = 2.8°; Elevation beamwidth = 12°; 4 sectors/plug-in module; 32 modules/ped-
estal; Bandwidth/sector = 25 Gb/s FDX; Bandwidth/module = 100 Gb/s FDX; and Bandwidth/pedestal =3.2 Tb/S FDX.
It should be noted that these numbers are only exemplary and will change based on a change in parameters.

[0081] Figure 8B illustrates a cross sectional view of one of the antenna modules shown in Figure 8A in accordance
with an aspect of the present disclosure. As shown in Figure 8B, the antenna module 512 includes a body 520, a
waveguide interface 522 within the body 520, a flanged horn antenna 524 in communication with the waveguide interface
522. It should be noted that the inner configuration of the antenna housing 504 shown in Figure 8B is exemplary and
that it is contemplated that the configuration of the antenna modules 512 may be different to include additional, fewer
and/or different components.

[0082] In an aspect, the waveguide interface 522 includes an integrated chip and launch transducer package (LTP)
that includes one or more waveguide transmitter and/or receiver launch transducers 528 and one or more communications
devices 530, although additional/different components are contemplated. Although the shown package 100 has four
launch transducers 528, the package may have a greater or lesser number of transmitter and/or receiver launch trans-
ducers. Thus, it is contemplated that the package 100 may include any number and combination of transmitter and/or
receiver launch transducers.

[0083] In an aspect, the LTP is designed to be oriented as a substantially flat package and is configured to be easily
mounted to a printed circuit board 532 coupled to the launch transducers 528 and communication devices 530. In an
aspect, the launch transducers 528 have a single or multi-element radiating feed configuration in which the launch
transducers which converge together via their feed lines at a common feed point.

[0084] In an aspect, the communication device 530 controls the magnitude and phase parameters of the one or more
transmitting/receiving antennas 528. In an aspect, the communication device 108 comprises a silicon germanium (SiGe)
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chip, although gallium arsenide (GaAs), complimentary metal oxide semiconductor (CMOS), and/or other semiconductor
chip is contemplated.

[0085] The waveguide interface 522 provides a common coupling mechanism between the communication devices
530 and the launch transducers 528 as well as the commaon flanged horn 524. Each communication device 530 is set
to a unique radio frequency channel such that a plurality of transmitter or receiver channels operate simultaneously
without causing interference or performance degradation between other adjacent communication devices within the
same antenna module 512. The waveguide interface 522 is made up of a plurality of tuned radio frequency filters that
pass only the corresponding radio frequency channel energy of the associated communications device 530 and rejects
any adjacent communications devices radio frequency channel energy within the same antenna module 512.

[0086] The configuration of the launch transducers 528 along with the waveguide interface 522 supports multiple radio
frequency channel transmission and reception through the waveguide interface 522 and out the opening aperture 514
of the antenna flange 524. Extremely high bandwidth is possible at millimeter wavelengths due to the high carrier
frequency (60, 120 or 240 GHz) enabling wide channel bandwidths and advanced modulation techniques. In an aspect,
spectral efficiencies on the order of 1/2 to 6 bits/sec/Hz are employed by the system but other spectral efficiencies using
higher modulation indexes are anticipated as well as MIMO processing among the radic frequency channels within an
antenna module 512, among separate antenna modules within an antenna housing 504, and among separate antenna
housings 504. Further MIMO processing and spatial diversity is also anticipated through the use of polarization diversity
through construction variations of the antenna module 512 that would support various polarization angles. General and
specific details ofthe operational aspects of the antenna module 512 are described in more detail in U.S. Patent Application
Serial No. 13/383,203, filed January 9, 2012 and entitled, "Precision Waveguide Interface," which is hereby incorporated
by reference.

[0087] The flange antenna 524 is in communication with the waveguide interface 522 and has a configuration which
allows the millimeter wave generated radiation which propagates through the waveguide interface 522 and out into the
environment via the flange antenna aperture 514. In one aspect, the configuration of the flange antenna 524 as well as
the antenna aperture 514 has an elliptical cross-section. It should be noted that the flange antenna 524 and antenna
aperture 514 may have alternative cross-sectional shapes (e.g. square, rectangular).

[0088] In an aspect, the antenna flange 524 is configured to output the radiation energy in the form of a directional
beamwidth. The elliptical configuration allows the antenna flange 524 aperture to achieve a controlled smaller azimuth
and elevation beamwidth, thereby increasing radiated power in a given direction. The azimuth radiation angle can range
between, and including, 2-12 degrees. The anticipated elevation radiation angle can range between and including 10-30
degrees depending upon operating frequency as well as aperture shape and dimension.

[0089] Figure 8C illustrates a front view of antenna housing in accordance with an aspect of the present disclosure.
As shown in the aspect in Figure 8C, the antenna modules 512 are slightly offset in the azimuth axis to provide full
coverage of the antenna modules’ 512 azimuth angle (for 16 plug-in modules = 22.5°, for 32 plug-in modules = 11.25°).
In a pedestal with all positions occupied by plug-in modules, the objective is to provide continuous spatial coverage of
the 360° view of the pedestal. In an aspect, the stacked antenna modules 512 are oriented in a way such that the
corresponding opening antenna apertures 514 of the modules 512 are horizontally staggered with respectto one another,
as shown in Figure 8C. In an aspect, the antenna modules 512 are located vertically above one another, whereby the
antenna modules 512 are slightly pivoted about a common vertical axis. In another aspect, the antenna modules 512
are oriented vertically above one another, whereby the antenna modules 512 are horizontally staggered with respect to
one another. In an aspect, one or more of the apertures have a cross-sectional dimension of 25 mm (1"), wherein the
antenna housings 504 can provide more than 18 dB of gain and a beam pattern directivity of less than 25°.

[0090] Inone aspect, a wireless approach to the data center must take into consideration the extremely high capacities
and low latencies desired for communications between antenna systems 400. Using the 802.11ad standard channels
and modulation parameters as a model, a single 60-240 GHz channel can support multi-Gb/s data rates. As an example,
one of the modulation coding scheme (MCS) settings in the standard, MCS 9, uses QPSK modulation and can achieve
2.5 Gb/s in a single wireless channel. In the example, using the 802.11ad channel set with the MCS 9 at 2.5 Gb/s per
channel, the antenna system 400 can reach a peak capacity of 4 x 16 x 2.5 Gb/s = 160 Gb/s.

[0091] In an aspect, the handler module 414 is configured to select one or more directional and/or bearing antenna
housing sectors to transmit and/or receive data wirelessly using millimeter wave frequencies. In one example aspect,
the handler module 414 utilizes a 4 to 8-bit code for sector selection (direction or bearing). In the situation where an
obstruction is located between any two antenna pedestals 500, the handling module 414 in one or more antenna systems
400 provides direct, cut-through routing enabling a multiple hop path (clearing the obstruction) between the source and
destination nodes (as shown in Figure 6B). These paths would be autonomously learned and controlled in each antenna
system 400 through a heuristic process during network initialization and during operation. Both multiple-hop routes and
multiple-direct routes will be available to any given pedestal 400 simply due to the fact that there are so many antenna
ports within view of a given pedestal location. In traditional switching architectures, two or more uplink ports to the next
tier of switching are often used to provide resilience (fault tolerance) in case of a port or cable failure. In the dense mesh
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topology, with many wireless ports available for connectivity, the level of resilience far exceeds a cabled system.
[0092] The antenna systems 400 in the mesh network are able utilize several radio channels to provide very high
aggregate data handling capacities. Accordingly, one or more of the antenna systems 400 are configured to determine
the capacity of the radio channels. The latency incurred by the wireless approach is the sum of the radio latency at each
end of a link (pedestal-to-pedestal paths) and the propagation delay. It should be noted that the typical propagation
delay of fiber or copper systems is slower than the speed of light due to the refractive index of the fiber media and
capacitive/inductive properties of the copper media. Multimode fiber has a refractive index of 1.52, which translates to
a propagation velocity factor of about 67% the speed of light. Even though propagation times are less than the switch
latency, they need to be added to the total latency calculation for an accurate comparison. The fat tree example described
above will be used as the cabled switch model.

[0093] In one example, switch latencies for the fastest switch technology available today cabled with an average run
length of 25 meters (typical cable paths require circuitous routing which increases the length compared to the shortest
geometrical distance between nodes). The calculated total latency is the sum of a TOR 400-to-TOR 400 path:
126+500+126+500+126+500+126 = 2004 ns.

[0094] Layer-1 wireless latency is dominated mainly by the forward error correction coding process that is used to
mitigate bit errors from noise in the radio channel. In the case of the 802.11ad standard, LDPC (low-density parity-check)
coding is used at various code rates depending upon the MCS chosen. A good comparison can be made with 10GigE
LDPC coding since the data rates are of the same order of magnitude, and the current IP cores available for both FPGA
and ASIC implementation would be close in processing performance for the wireless requirement. There is a tradeoff
in power consumed versus the coding/decoding time required. The decoding half of the system comprises the majority
of the latency, and for reasonable power consumption the decoding latency is 320 ns, with a corresponding encoding
latency of 30 ns. The radio path used in the modeling is set at an average transmission range of 35 m (approximately
2 the estimated maximum range of 70 m). The propagation delay for light (radio waves) is 3.3 ns/m; for 35 meters the
delay is 3.3 x 35 = 117 ns. The total wireless latency between antenna systems 400 for a 35 meter path would be
30+117+320 = 467 ns. It should be noted that this value is less than the 25% of the estimated fastest switching latency
for the fat tree system example.

[0095] The bisection bandwidth for an existing fat tree network is generally 103.68 Tb/s. In order to determine the
capacity of the radio network, metrics are developed for a direct comparison using the same number of hosts or nodes
in the network. For example, the pedestal antenna 500 can be configured to have 16 antenna housings 504, with each
antenna housing 504 configured to have a 4-channel 60 GHz transceiver. The capacity of a radio channel is ultimately
setbythe Shannon limitand is measured in b/s. The Shannon-Hartley theorem sets the upper bound for channel capacity
in equation (1).

C = B*log2*(1+10CN/10) (1)

Where

C capacity in b/s
B channel bandwidth in Hz
C/N  carrier to noise ratio in dB

[0096] For the radio channel under consideration (from IEEE 802.11ad), the channel bandwidth is 1.88 GHz. The
practical minimum carrier to noise ratio assumed is about 13 dB. This sets the Shannon limit at 8.25Gb/s for the channel.
The modulation and coding efficiency may reduce the practical bit rate. For QPSK (MCS 9) the modulation efficiency is
0.38; the LDPC code rate is 672,546 which sets the coding efficiency at 0.8125. 8.25 Gb/s x .38 x .8125 = 2.55Gb/s,
which closely agrees with the MCS 9 bit rate of 2.5 Gb/s.

[0097] In a wireless mesh network where it is possible for multiple antenna nodes to contend for the same channel
resources, the packet success probability is based on the number of potential interferes. The number of interferes is
based on several variables and can be calculated from equation (2).

NI = a*[R*10(CN/10%exp)] *Dr*A )
Where

NI number of interferes

R transmission radius in meters
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C/N  carrier to noise ratio in dB
exp loss exponent (set to 2.0)
Dr radio density in radios/m2
A antenna directivity in % (for the 16 sector array = 6.25%)

[0098] Using the C/N ratio of 13 dB, the minimum received signal level that is required is approximately -60 dBm (the
standard shows a minimum sensitivity for MCS 9 at -59 dBm). This is set by the current SiGe technology with a receiver
noise figure at 6-8 dB, a channel bandwidth of 1.88 GHz, and assumed implementation losses. The maximum range is
then set by knowing the transmit power and the antenna directivity gains for the transmitter and receiver (in the case of
the 16 sector antenna each antenna will have a gain of approximately 18 dBi). The maximum range with these parameters
at 60 GHz comes out to about 70 meters. The average range for the system in the data center will be assumed to be
half this value at 35 meters.

[0099] Radio density may be an important factor to consider in a mesh network. Since the antenna pedestal 500 is
positioned at the top of each rack 600, it will be equivalent to the rack density in the data center, which is about .5
racks/m2. Setting the transmission radius, R, in equation (2) at 35m, C/N at 13 dB, exp to 2.0, Dr at .5/m2, and A at
6.25%, the number of interferes, NI, comes out to 15.3. Note that that the transmitter output power is assumed to be
under software control such that the C/N ratio of 13 dB is maintained for the link at different transmission ranges.
[0100] Once the number of interferes for the network is determined, the next metric to calculate is the packet success
rate (Pss) which directly affects the capacity. The packet success rate is a function of the number of interferes, the
average transmission duty factor, and the number of radio channels implemented. The packet success rate is found
from equation (3).

Pss = e[(-2*NI*TD)/M] (3)
Where

Pss  packet success rate in %

e natural log base

NI number of interferes

D transmission duty factor in %
M number of radio channels

[0101] The transmission duty factor is based on data center server/node traffic statistics and is shown to be below 1%
on average. The number of radio channels for this analysis will be set at 3 which is consistent with the current FCC rules
for the U.S. Setting NI to 15.3 (for 35 meter transmission radius), TD to 1% and M at 3, the Pss comes out to 90.27%.
[0102] The capacity for a single radio channel is then calculated as the product of the net channel capacity (2.55Gb/s)
and the packet success rate, Pss. For the 35 meter range, with Pss = 90.27%, the system radic channel capacity is 2.55
Gb/s x 90.27% = 2.30Gb/s. Since the packet success rate changes as afunction of transmission radius, the radio channel
capacity will also change.

[0103] The capacity of the full pedestal 500 is the product of the number of radio channels per pedestal 500 (e.g. 3x16
= 48) and the single channel capacity. Using the results from above, the single channel capacity (R=35m, TD=1%) is
2.30Gb/s. and 48 x 2.30Gb/s = 110.4 Gb/s per pedestal. The system capacity can now be calculated for all the pedestals
in a given transmission area determined by the transmission radius and radio density from equation (4).

SC = Npt * (*R2*Dr) 4)
Where

SC  system capacity in bps

Npt  pedestal capacity in bps

R transmission radius in meters

Dr radio (rack/pedestal) density in radios/m2

[0104] For a 35 m transmission radius, with the pedestal capacity at 110Gb/s and the rack density at 0.5 racks/m2,

the system capacity, SC comes out to 212 Th/s. This is simply the aggregated capacity of all the pedestals within an
area defined by a 35 meter radius.
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[0105] In a wireless mesh network, a useful metric is to determine the communications capacity as a function of a
normalized area. The IEEE uses the hectare (ha), or 10,000 m2 as the unit of measure for capacity area. Using the rack
(pedestal) density of 0.5 racks/m2, and setting the transmission radius, R,to 35 meters, the area capacity of the wireless
mesh comes out to 552 Tb/s/ha.

[0106] While embodiments and applications have been shown and described, it would be apparent to those skilled in
the art having the benefit of this disclosure that many more modifications than mentioned above are possible without
departing from the scope of the present invention defined by the appended claims.

Claims
1. Awireless backplane network comprising:

a first antenna system (202 ... 210) located in a first network device cabinet (201) including at least one first
network device (202A ... 208A);

afirst millimeter wave antenna (212) located external to the first device cabinet and coupled to the first network
device, the first millimeter wave antenna configured to wirelessly transmit a data message from the first network
device over a high speed wireless backplane using emitted millimeter wave electromagnetic radiation, wherein
the first millimeter wave antenna further comprises a first antenna pedestal (500) including a base (502) and at
least one antenna housing (504) coupled to the base, the at least one antenna housing having a plurality of
waveguide antennas (512) therein, the plurality of waveguide antennas positioned in the at least one antenna
housing, offset from one another in an azimuth axis to provide full coverage of the antenna housing azimuth
angle to provide a continuous 360 degree spatial coverage for the first antenna pedestal with all positions
occupied by antenna housings;

a second antenna system located in a second network device cabinet including at least one second network
device, wherein the first and second device cabinets are positioned spatially apart from one another; and

a second millimeter wave antenna of the antenna system located external to the second device cabinet and
coupled to the second network device, the second millimeter wave antenna configured to wirelessly receive the
data message over the high speed wireless backplane using millimeter wave electromagnetic radiation emitted
from the first millimeter wave antenna, wherein the received data message is handled by the second network
device.

2. The network of claim 1, wherein the at least one antenna housing is removably coupled to the base.
3. The network of claim 1, wherein the plurality of waveguide antennas further comprise:

a flange shaped antenna having an antenna aperture facing a distal end of the antenna housing;

a communication device;

alaunchtransducer coupled to the communication device, wherein the launch transducer emits millimeter wave
electromagnetic energy configured to propagate out the antenna aperture as millimeter wave radiation.

4. The network of claim 1, wherein at least one of the waveguide antennas configured to transmit data and/or to receive
data.

5. The network of claim 1, wherein the first antenna system further comprises a processor configured to operate an
executable data handler stored in a memory, wherein the processor, when executing the executable data handler,
causes the processor to select a transmission path for the data message to the second antenna system.

6. The network of claim 5, wherein the transmission path further comprises at least one intermediate antenna system.
7. A method for wirelessly communicating in a wireless backplane network, the method comprising:

handling, at a first antenna system located in a first network device cabinet, a data message received from a
first network device of the first network device cabinet via a first network interface;

wirelessly transmitting the data message from afirst millimeter wave antennathat is coupled to the first antenna
system, the first millimeter wave antenna configured to wirelessly transmit the data message over a high speed
wireless backplane network to a second network device in a second device cabinet using emitted millimeter
wave electromagnetic radiation, wherein the first millimeter wave antenna further comprises a first antenna
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pedestal including a base and at least one antenna housing coupled to the base, the at least one antenna
housing having a plurality of waveguide antennas therein, the plurality of waveguide antennas positioned in the
at least one antenna housing, offset from one ancther in an azimuth axis to provide full coverage of the antenna
housing azimuth angle to provide a continuous 360 degree spatial coverage for the first antenna pedestal with
all positions occupied by antenna housings;

wirelessly receiving the data message at a second millimeter wave antenna of the second device cabinet, the
second millimeter wave antenna configured to wirelessly receive the data message over the high speed wireless
backplane network using emitted millimeter wave electromagnetic radiation, wherein the received data message
is handled by a second antenna system coupled to the second millimeter wave antenna; and

sending, via a second network interface, the received data message from the second antenna system to the
second network device.

8. The method of claim 7, wherein the plurality of waveguide antennas further comprise:

a flange shaped antenna having an antenna aperture facing a distal end of the antenna housing;

a communication device;

alaunchtransducer coupled to the communication device, wherein the launch transducer emits millimeter wave
electromagnetic energy configured to propagate out the antenna aperture as millimeter wave radiation.

9. The method of claim 7, wherein at least one of the waveguide antennas configured to transmit data.

10. The method of claim 7, wherein at least one of the waveguide antennas configured to receive data.

11. The method of claim 7, wherein the first antenna system further comprises a processor configured to operate an
executable data handler stored in a memory, wherein the processor, when executing the executable data handler,
causes the processor to select a transmission path for the data message to the second antenna system.

12. The method of claim 7, wherein the first and second antenna systems wirelessly communicate without using a
central switch.

13. The method of claim 7, wherein the first and second antenna systems communicate using time division multiplexing
access and frequency division multiplexing access.

Patentanspriiche
1. Drahtloses Rickwandplatinennetzwerk, das umfasst:

ein erstes Antennensystem (202 ... 210), das sich in einem ersten Netzwerkvorrichtungsschrank (201) befindet,
der mindestens eine erste Netzwerkvorrichtung (202A ... 208A) beinhaltet;

eine erste Millimeterwellenantenne (212), die sich auRerhalb des ersten Vorrichtungsschranks befindet und mit
der ersten Netzwerkvorrichtung gekoppelt ist, wobei die erste Millimeterwellenantenne ausgestaltet ist, um eine
Datenbotschaft von der ersten Netzwerkvorrichtung lber eine drahtlose Hochgeschwindigkeits-Rickwandpla-
tine unter Verwendung ausgestrahlter elektromagnetischer Millimeterwellenstrahlung drahtlos zu lbertragen,
wobei die erste Millimeterwellenantenne ferner ein erstes Antennenpodest (500) umfasst, das eine Basis (502)
und mindestens ein mit der Basis gekoppeltes Antennengehause (504) beinhaltet, wobei das mindestens eine
Antennengehause mehrere Wellenleiterantennen (512) darin aufweist, die mehreren Wellenleiterantennen in
dem mindestens einen Antennengeh&use positioniert sind, in einer Richtungswinkelachse zueinander versetzt
sind, um volle Abdeckung des Richtungswinkels des Antennengehiuses bereitzustellen, um eine kontinuierliche
raumliche Abdeckung von 360° fir das erste Antennenpodest bereitzustellen, wenn alle Positionen durch An-
tennengehause besetzt sind;

ein zweites Antennensystem, das sich in einem zweiten Netzwerkvorrichtungsschrank befindet, der mindestens
eine zweite Netzwerkvorrichtung beinhaltet, wobei der erste und zweite Vorrichtungsschrank raumlich vonein-
ander getrennt positioniert sind; und

eine zweite Millimeterwellenantenne des Antennensystems, die sich aulerhalb des zweiten Vorrichtungs-
schranks befindet und mit der zweiten Netzwerkvorrichtung gekoppelt ist, wobei die zweite Millimeterwellenan-
tenne ausgestaltet ist, um die Datenbotschaft iber die drahtlose Hochgeschwindigkeits-Rickwandplatine unter
Verwendung von elektromagnetischer Millimeterwellenstrahlung drahtlos zu empfangen, welche von der ersten
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Millimeterwellenantenne ausgestrahlt wurde, wobei die empfangene Datenbotschaft von der zweiten Netzwerk-
vorrichtung behandelt wird.

2. Netzwerk nach Anspruch 1, wobei das mindestens eine Antennengehause entfernbar mit der Basis gekoppelt ist.
3. Netzwerk nach Anspruch 1, wobei die mehreren Wellenleiterantennen ferner umfassen:

eine flanschférmige Antenne mit einer Antennenapertur, die einem distalen Ende des Antennengehauses zu-
gewandt ist;

eine Kommunikationsvorrichtung;

einen mit der Kommunikationsvorrichtung gekoppelten Startlibertrager, wobei der Startlibertrager elektroma-
gnetische Millimeterwellenenergie ausstrahlt, die zur Ausbreitung aus der Antennenapertur heraus als Millime-
terwellenstrahlung ausgestaltet ist.

4. Netzwerk nach Anspruch 1, wobei mindestens eine der Wellenleiterantennen ausgestaltet ist, um Daten zu {iber-
tragen und/oder um Daten zu empfangen.

5. Netzwerk nach Anspruch 1, wobei das erste Antennensystem ferner einen Prozessor umfasst, der ausgestaltet ist,
um einen ausflihrbaren Datenhandler zu betreiben, der in einem Speicher gespeichert ist, wobei der Prozessor
beim Ausfiihren des ausfiihrbaren Datenhandlers veranlasst, dass der Prozessor eine Ubertragungsstrecke fir die
Datenbotschaft an das zweite Antennensystem auswahlt.

6. Netzwerk nach Anspruch 5, wobei die Ubertragungsstrecke ferner mindestens ein dazwischenliegendes Antennen-
system umfasst.

7. Verfahren zur drahtlosen Kommunikation in einem drahtlosen Riickwandplatinennetzwerk, wobei das Verfahren
umfasst, dass:

bei einem ersten Antennensystem, das sich in einem ersten Netzwerkvorrichtungsschrank befindet, eine Da-
tenbotschaft behandelt wird, welche von einer ersten Netzwerkvorrichtung des ersten Netzwerkvorrichtungs-
schranks Uber eine erste Netzwerkschnittstelle empfangen wurde;

die Datenbotschaft von einer ersten Millimeterwellenantenne, die mit dem ersten Antennensystem gekoppelt
ist, drahtlos (bertragen wird, wobei die erste Millimeterwellenantenne ausgestaltet ist, um die Datenbotschaft
Uber ein drahtloses Hochgeschwindigkeits-Rickwandplatinennetzwerk an eine zweite Netzwerkvorrichtung in
einem zweiten Vorrichtungsschrank unter Verwendung ausgestrahlter elektromagnetischer Millimeterwellen-
strahlung drahtlos zu Ubertragen, wobei die erste Millimeterwellenantenne ferner ein erstes Antennenpodest
umfasst, das eine Basis und mindestens ein mit der Basis gekoppeltes Antennengehiuse beinhaltet, wobei
das mindestens eine Antennengeh&use mehrere Wellenleiterantennen darin aufweist, die mehreren Wellen-
leiterantennen in dem mindestens einen Antennengehduse positioniert sind, in eine Richtungswinkelachse
zueinander versetzt sind, um volle Abdeckung des Antennengehause-Richtungswinkels bereitzustellen, um
eine kontinuierliche raumliche Abdeckung von 360° fiir das erste Antennenpodest bereitzustellen, wenn alle
Positionen durch Antennengehause besetzt sind;

die Datenbotschaft bei einer zweiten Millimeterwellenantenne des zweiten Vorrichtungsschranks drahtlos emp-
fangen wird, wobei die zweite Millimeterwellenantenne ausgestaltet ist, um die Datenbotschaft (iber das draht-
lose Hochgeschwindigkeits-Riickwandplatinennetzwerk unter Verwendung ausgestrahlter elektromagnetischer
Millimeterwellenstrahlung drahtlos zu empfangen, wobei die empfangene Datenbotschaft von einem zweiten
Antennensystem, das mit der zweiten Millimeterwellenantenne gekoppelt ist, behandelt wird; und

Uber eine zweite Netzwerkschnittstelle die empfangene Datenbotschaft von dem zweiten Antennensystem an
die zweite Netzwerkvorrichtung gesendet wird.

8. Verfahren nach Anspruch 7, wobei die mehreren Wellenleiterantennen ferner umfassen:

eine flanschférmige Antenne, die eine Antennenapertur aufweist, die einem distalen Ende des Antennenge-
h&auses zugewandt ist;

eine Kommunikationsvorrichtung;

einen Startlbertrager, der mit der Kommunikationsvorrichtung gekoppelt ist, wobei der Startlibertrager elektro-
magnetische Millimeterwellenenergie ausstrahlt, die zur Ausbreitung aus der Antennenapertur als Millimeter-
wellenstrahlung ausgestaltet ist.
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Verfahren nach Anspruch 7, wobei mindestens eine der Wellenleiterantennen zum Ubertragen von Daten ausge-
staltet ist.

Verfahren nach Anspruch 7, wobei mindestens eine der Wellenleiterantennen zum Empfangen von Daten ausge-
staltet ist.

Verfahren nach Anspruch 7, wobei das erste Antennensystem ferner einen Prozessor umfasst, der ausgestaltet ist,
um einen ausfiihrbaren Datenhandler zu betreiben, der in einem Speicher gespeichert ist, wobei der Prozessor
beim Ausfiihren des ausfiihrbaren Datenhandlers veranlasst, dass der Prozessor eine Ubertragungsstrecke fir die
Datenbotschaft an das zweite Antennensystem wahlt.

Verfahren nach Anspruch 7, wobei das erste und zweite Antennensystem ohne Verwendung eines zentralen Swit-
ches drahtlos kommunizieren.

Verfahren nach Anspruch 7, wobei das erste und zweite Antennensystem unter Verwendung eines Zeitmultiplex-
verfahrens und eines Frequenzmultiplexverfahrens kommunizieren.

Revendications

1.

2,

3.

4.

Réseau de fond de panier sans fil comprenant :

un premier systéme d’antenne (202 ... 210) situé dans une premiére armoire de dispositif réseau (201) incluant
au moins un premier dispositif réseau (202A ... 208A) ;

une premiére antenne a ondes millimétriques (212) située a l'extérieur de la premiére armoire de dispositif et
couplée au premier dispositif réseau, la premiére antenne a ondes millimétriques étant configurée pour trans-
mettre sans fil un message de données a partir du premier dispositif réseau sur un fond de panier sans fil haut
débit en utilisant un rayonnement électromagnétique d’ondes millimétriqgues émis, dans lequel la premiére
antenne a ondes millimétriques comprend en outre un premier socle d’antenne (500) incluant une base (502)
et au moins un boitier d’antenne (504) couplé a la base, 'au moins un boitier d’antenne ayant a l'intérieur une
pluralité d’antennes a guide d’ondes (512), la pluralité d’antennes a guide d’'ondes étant positionnées dans I'au
mains un boitier d’antenne, décalées les unes des autres sur un axe d’azimut pour fournir une couverture totale
de l'angle azimutal de boitier d’antenne pour fournir une couverture spatiale continue de 360 degrés pour le
premier socle d’antenne avec toutes les positions occupées par des boitiers d’antenne ;

un deuxiéme systéme d’antenne situé dans une seconde armoire de dispositif réseau incluant au moins un
second dispositif réseau, dans lequel les premiére et seconde armoires de dispositif sont positionnées spatia-
lement espacées l'une de l'autre ; et

une seconde antenne a ondes millimétriques du systeme d’antenne située a I'extérieur de la seconde armoire
de dispositif et couplée au second dispositif réseau, la seconde antenne a ondes millimétriques étant configurée
pour recevoir sans fil le message de données sur le fond de panier sans fil haut débit en utilisant unrayonnement
électromagnétique d'ondes millimétriques émis a partir de la premiére antenne a ondes millimétriques, dans
lequel le message de données regu est géré par le second dispositif réseau.

Réseau selon la revendication 1, dans lequel 'au maoins un boftier d’antenne est couplé de maniére amovible a la
base.

Réseau selon la revendication 1, dans lequel la pluralité d’antennes a guide d’ondes comprennent en outre :

une antenne en forme de bride ayant une ouverture d’antenne faisant face a une extrémité distale du boitier
d’antenne ;

un dispositif de communication ;

un transducteur de lancement couplé au dispositif de communication, dans lequel le transducteur de lancement
émet une énergie électromagnétique d’'ondes millimétriques configurée pour se propager hors de I'ouverture
d’antenne comme un rayonnement d’ondes millimétriques.

Réseau selon la revendication 1, dans lequel au moins une des antennes a guide d’'ondes est configurée pour
transmettre des données et/ou recevoir des données.
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Réseau selon la revendication 1, dans lequel le premier systéme d’antenne comprend en outre un processeur
configuré pour faire fonctionner un gestionnaire de données exécutable stocké dans une mémoire, dans lequel le
processeur, quand il exécute le gestionnaire de données exécutable, amene le processeur a sélectionner un chemin
de transmission pour le message de données vers le deuxiéme systéme d’antenne.

Réseau selon la revendication 5, dans lequel le chemin de transmission comprend en outre au moins un systéme
d’antenne intermédiaire.

Procédé pour communiquer sans fil dans un réseau de fond de panier sans fil, le procédé comprenant :

la gestion, au niveau d’un premier systéme d’antenne situé dans une premiére armoire de dispositif réseau,
d'un message de données regu a partir d’un premier dispositif réseau de la premiére armoire de dispositif réseau
via une premiére interface réseau ;

la transmission sans fil du message de données a partir d’'une premiére antenne a ondes millimétriques qui est
couplée au premier systeme d’antenne, la premiére antenne a ondes millimétriques étant configurée pour
transmettre sans fil le message de données sur un réseau de fond de panier sans fil haut débit & un second
dispositif réseau dans une seconde armoire de dispositif en utilisant un rayonnement électromagnétique d'ondes
millimétriques émis, dans lequel la premiére antenne a ondes millimétriques comprend en outre un premier
socle d’antenne incluant une base et au moins un boftier d’antenne couplé a la base, 'au moins un boitier
d'antenne ayant a l'intérieur une pluralité d’antennes a guide d'ondes, la pluralité d’antennes a guide d'ondes
étant positionnées dans I'au moins un boitier d’antenne, décalées les unes des autres sur un axe d'azimut pour
fournir une couverture totale de'angle azimutalde boitier d’antenne pour fournir une couverture spatiale continue
de 360 degrés pour le premier socle d'antenne avec toutes les positions occupées par des boitiers d’antenne ;
la réception sans fil du message de données au niveau d’'une seconde antenne a ondes millimétriques de la
seconde armoire de dispositif, la seconde antenne a ondes millimétriques étant configurée pour recevoir sans
fil le message de données sur le réseau de fond de panier sans fil haut débit en utilisant un rayonnement
électromagnétique d’ondes millimétriques émis, dans lequel le message de données regu est géré par un
deuxiéme systéme d’antenne couplé a la seconde antenne a ondes millimétriques ; et

I'envoi, via une seconde interface réseau, du message de données recu du deuxiéme systéeme d’antenne au
second dispositif réseau.

Procédé selon la revendication 7, dans lequel la pluralité d’antennes a guide d’ondes comprennent en outre :

une antenne en forme de bride ayant une ouverture d’antenne faisant face a une extrémité distale du boitier
d’antenne ;

un dispositif de communication ;

un transducteur de lancement couplé au dispositif de communication, dans lequel le transducteur de lancement
émet une énergie électromagnétique d’ondes millimétriques configurée pour se propager hors de I'ouverture
d’antenne comme un rayonnement d’ondes millimétriques.

Procédé selon la revendication 7, dans lequel au moins une des antennes a guide d'ondes est configurée pour
transmettre des données.

Procédé selon la revendication 7, dans lequel au moins une des antennes a guide d’ondes est configurée pour
recevoir des données.

Procédé selon la revendication 7, dans lequel le premier systéme d’antenne comprend en outre un processeur
configuré pour faire fonctionner un gestionnaire de données exécutable stocké dans une mémoire, dans lequel le
processeur, quand il exécute le gestionnaire de données exécutable, amene le processeur a sélectionner un chemin
de transmission pour le message de données vers le deuxiéme systéme d’antenne.

Procédé selon la revendication 7, dans lequel les premier et second systémes d’antenne communiquent sans fil
sans utiliser un commutateur central.

Procédé selon la revendication 7, dans lequel les premier et second systémes d’antenne communiquent en utilisant
un accés par multiplexage par répartition dans le temps et un accés par multiplexage par répartition en fréquence.
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