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(57) Abstract: Customer premises equipment (CPE) includes separate outdoor and indoor data communication units between which
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powering the optical transceiver. The indoor data communication unit has a corresponding optical transceiver for transmitting and
receiving the wireless optical data communications and a wireless power transfer unit for powering or charging the wireless power
transfer unit of the outdoor data communication unit by wireless power transfer.
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LAST METER WIRELESS BROADBAND

BACKGROUND

688171 In telecornmunications, the term broadband refers to a wide bandwidih
data transmission which is able to transport multiple sigoals and traffic types. This type
of data transmission of a relatively large amount of data can be provided over a single
medium such as a cable or the like and permits multiple users to simultancously access
the Internet and ke networks and related services provided thereby at high speeds.

(68821 By way of example, broadband access may be provided to a local area
network (LAN), wireless area local network (WLAN), or the like to consumers at a
customer premises, building, home, facility, apartment building, business, residence, or
the like by connecting Customer-Premises Hguipment (CPE) (i.e., communications
equipment that resides on the customer’s premises) to an access network, wide area
network, the Internet, or like external network. For instance, a cable modem may be used
to connect the local area network to a cable access network; an optical network
termination (ONT) modern or hike device may be used to connect the local area network
to a Fiber to the Home (FT'TH) network (i.e., optical {iber network); a Satellite (SAT) to
Internet Protocol (JP) modem or like device may be used to connect the local area
network to a Direct-To-Home (DTH) television network (1.¢., reception of satellite

-\

signals with a personal dish installed at the customer’s premises); or a cellular mobhile

comnuinication modem or the fike may be used to connect the local area network to a

celular mobile conymunication network (Ge., 5G network or the like).
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[66493] The so-called “last meter” of access to broadband provided (o a
consumer is the part of the network that delivers broadband access from an electrical
component adjacent and exterior a home or like building at a customer premises to the
local area network provided within the home or customer premises (i.e., from the “edge
of the curb” into the home). A typical installation requires an installer to drill a channel
through a wall or roof of the building and to exitend data and/or power cables through the
wall or roof needed to complete a connection for data communications into and out of the
building. Such an installation typically requires a trained professional installer and can

be costly and time consuming and may result in property damage.

SUMMARY

[68G4] According to an embodiment, customer premises equipment (CPE)
includes separate outdoor and indoor data cornmunication units hetween which wircless
optical data comrounications are trans{erable throngh a window of a building. The
outdoor data communication unit has an optical transceiver for transmitting and receiving
the wireless optical data communications and a wireless power transfer unit {or powering
the optical transceiver. The indoor data communication unit has g corresponding optical
trauscetver for transmitling and recetving the wireless optical data communications and a
wireless power transfer unit for powering or charging the wireless power transfer unit of
the outdoor data communication unit by wireless power transfer.

[6005] According to another cmbodiment, customer premises eguipment (CPE)

tor transferring data communications between an electronic component located exterior
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of a building to an clectronic component located interior of the building includes an
outdoor data communmication unit for communicating with a separate indoor data
communication by wireless optical data commanications through a window of a bwlding.
The outdoor data communication unit has an optical transcetver for fransmitting and
receiving the wireless optical data communications and g wireless power transfer unit that
powers the optical trausceiver and that inchudes an inductive coil antenna for being
powered or charged by resonant inductive coupling.

[66086] According to a further embodiment, customer preimises equipment (CPE)
for transferring data communications between an electronic component located exterior
of a building to au electronic compouent located interior of the bulding 1nclades an
indoor data communication unit for commumnicating with a separate outdoor data
communication by wireless optical data communications through a window of a building.
The indoor data communication unit has an optical transceiver for transmitting and
receiving the wireless opfical data communications and has a wireless power fransfer unt
with an inductive coil antenna that that powers or charges the outdoor data

comimnunication unit by resonant inductive coupling.

BRIEV DESCRIPTION OF THE DRAWINGS
{6871 Vanious features of the embodiments deseribed in the following detailed
description can be more {ully appreciated when considered with reference to the

accompanying figures, wherein the same numbers refer to the same elements,
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[66408] FIG. 1 is a perspective view of a customer premises showing typical
broadband 1nsiallation locations.

(68091 FIG. 2 1s a perspective view of a customer premises showing an example
of a broadband installation location according to an embodiment.

[6618] FIG. 3 is a schematic view of Customer Prernises Equipment (CPE) used
to connect external networks to a wireless local area network according o an
embodiment.

{00111 FIG. 4 is a schematic view of an outdoor unit (OGDU) and an indoor unit

{(IDU) of CPE in accordance to an embodiment.

DETAILED DESCRIPTION

{68121 For simplicity and illustrative purposes, the principles of the
ermbodiments are described by referving mainly to examples thereol, In the following
description, numerous specilic details are set forth i order to provide a thorough
pnderstanding of the embodiments. It will be apparent however, to one of ordinary skili
i the art, that the embodiments may be practiced without limitation to these specific
details. In some instances, well known methods and structures have not been described
in detail 50 as not o unnecessarily obscure the embodiments.

[6813] The term “Wi-F7 refers to a techoology for wireless local area
networking of electronic devices, for instance, as based on IEEE 802,11 standards.
802.11 1s an evolving family of specifications for wireless local area networks {WLANS)

developed by a working group of the lustitute of Electrical and Hlectronics Engimeers
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(JEEE). These standards, for instance, define various frame types that stations (network
interlace cards and access pointsy used for commmnications, as well as for managing and
controfling wireless links. A Wi-Fi network, such as a wireless local area network
{WLAN} may be provided at a home, residence facility, business, or the like customer
premises for providing Wi-Fi service {o various wireless electronic client devices of the
customer at a costomer premises,

168141 Broadband access may be provided to the castomer prenises by
comecting the WLAN at the customer premuses {o an external network, such as an access
network, a service provider’s network, a wide arca network, the Internet, or the like.

10018] Typically, the so-called “last meter” of broadbaund access provided to the
customer premises is provided by drilling holes throngh walls or roofs of a building and
extending cables, wires, or the like therethrough during an instaliation process. For
instance, such installations at the home 10 shown in FIG. 1 may be provided at a wall
mount location 12 {i.e., for connection to a cable or optical network) or a roof mount
location 14 (.., for connection {0 a saicllite dish or cellular mobile network). Oune or
more holes would be drilled through the building at these locations to attach CPE to walls
or roofs and to permit data andfor power wires, cables and the like to be extending into an
mterior of the buildiog {rom an exterior of the building.

{68161 In accordance to an embodiment, wireless connectivity and power are
used in the “last meter” of broadband access and thereby eliminate conventional
requireracnts of drilling holes or channels through walls or roofs of buildings through

which wires or cables are extended. The wireless connectivily is accomplished by optical
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communication technology and the wireless powering of CPE is accomphished by
wireless charging technology.

{68371 Thus, according to an embodiment, the so-calied “last meter” of
broadband access is provided to a customer premises through glass or like material
through which light may pass. For instance, such material may be provided by a window
or the like of a bualding. For example, as shown in FIG. 2, broadband access may be
provided to the castomer prevaises by connecting the WLAN at the customer premises o
an external network, such as an access network, a service provider’s network, a wide area
network, the Internet, or the ke via an installation at the home 10 at a window mount
location 16 {1.c., witeless connectivily and powering through a glass window 18). Of
course, the location 16 could be at any window or the hike of the home 10, Such a
window 18 may be a single, double, or triple glared glass window or any other material
through which light may be transmitied.

[6818] In accordance with an embodiment as shown in FIG. 3, the CPH may
include one or more outdoor units {ODUs) 20 and an indoor unit (IDU) 22, These units
20 and 22 are located/mounted on opposite sides of the window 18 {1.e., ODU 20 is
mounted on an exierior surface of the window 18 and IDU 22 s mounted on an interior
surface of the window) such that the umits, 20 and 22, face each other and can
commaunicate via direct line-of-sight optical communications through the window 18.
The (DU 20 and IDU 22 may be of relatively small size as compared to the size of the
window 18 as to not greatly impact the homeowners view through the window 18 or

vatural ight passing through the window nto the home 10.
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[G6018]  According to this embodiment, drilling of holes through walls and/or
roofs and extending data cables or wires through a wall, roof, or like structure of the
home is not required. In addition, a power cable passing through the wall, roof, or hike
structure of the home 10 1s also not required because the ODU 20 is configured to be
powered by the IDU 22 via wireless power transfer or charging.

(66281 In FIG. 3, muitiple ODUs 20 are shown for the purpose of showing that
the CPE (ie., ODU 20 and 1IDU 22) may be connected to a variety of different external
networks. For instance, a cable network 24 may connect to a cable modem 20 via coaxial
cable 28, The modem 26 may be directly connected to the ODU 20 or form a part
thereof. In addition, a Fiber to the Home (FTTH) network (3.¢., optical fiber network) 30
may connect to an Optical Network Termination {ONT) modem 32 via {iber optical cable
34. The modem 32 may be directly connected to the ODU 20 or form a part thereof.
Further, a Direct-To-Home (DTH) television network 36 may communicate via satellite
signals with a personal dish 38 located at the customer premises and be connected (o a
SAT to IP modem 40 via coaxial cable 42 or the like. The modem 40 may be divectly
comected to the ODU 20 or form a part thereof. Still further, a cellular mobile
commntunication network 44 may comumnunicate via cellular coromunications (o an antenna
46 or the hike connected or formaing part of a modem 48, The modem 48 may be directly
connected to the ODU 20 or form a part thereof

{68231 The cellular network 44 may be such that the signals transmitied thereby
may not readily and reliably penetrate through walls, roofs and glass of a building. Thus,

CPE will be reguired to distribute data communications from the cellular network 44
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throughout the home 10, For instance, the cellular network may be a cellular SG (fifth
generation) network or other network.

166221 As shown in FIG. 3, any one of the ODUs 20 may communicate through
the window 18 to the DU 22, The IDU 22 may be connected to CPE 50 (i.e., a gateway
device, router, or the like) providing a gateway and/or access point of a wircless local
area network {WLAN) provided 1o the howme 1. Alternatively, the CPE 50 may form
part of the IDU 22

{66231 The CPE 50 may be configured to provide a Wi-Fi network within the
home 10 as discussed above and/or a gigabit Ethernet (Gigh) or other cthernet
connectivity, Multimedia over Coax Alliance (MoCA) connectivity, and/or G.Hn
connectivity. G.Hu is a specification for home networking with data rates up to 2 Gbit/s
and operation over four types of legacy wires: telephone wiring, coaxial cables, power
lines, and plastic optical {iber. A single G.Hn semiconductor device is able to network
over any of the supported home wire types.

88247 An emsbodiment of an QDU 52 15 shown in FIG. 4. The ODU 52
includes a broadband modem 54, a Light Fidelity {(Li-Fi) optical transceiver 56 having
onc or more sets of light emitting diodes (LEDs) and photoreceptors S8, a wircless power
transfer unit 60, and an indoctive coil antenna 62. The broadband modem 54 may be any
type of modem including those discussed above (i.e.. cable (DOCSIS), ONT, xDBSL,
celiudar, 4G/5G, SAT to 1P, etc.).

[6625] The optical transceiver 56 may be a Light Fidelity (Li-Fi) optical

transceiver which uses light-erutting diodes (LEDs) for wireless optical data
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transmission. LiF1 data is transmitted by LEDs and received by photoreceptors. Visible
Light commmurnications (VL) 1s provided by swilching the corrent to the LEDs off and on
at a very ligh rate. If desired, the LEDs may be dimmed to below human visibility while
still emitting sufficient light to carry data. Operation of the LEDs is controlied by a
microchip or the like that modulates light iraperceptibly for optical data transmission.
Thus, Li-Fi technology provides a light communications system that 1s capable of
transmitting data at high speeds over the visible hight spectrum as well as via uliraviolet
and infrared radiation. Unlike Wi-Fi signals, Li-Fi communications are not susceptible to
clectromagnetic interference and are more secure from hacking.

166261 In addwion to La-Fi, IEEE 802.11bb hght cormmunication technology or
its equivalent may also be utilized. IEEE 802.11bb delines one medium access control
{MAC) and several physical layer (PHY ) specifications {or light-based wireless
connectivity for fixed, portable, and moving stations within a local area network.

{68271 The light communications according to an embodiment may provide
multi-billions of bits per second (Gbps) broadband communications, such as 2 Gbps or 5
(Gbps. Gbps is a measure of bandwidth on a digital data transmission medium.

80281 As shown in FIG. 4, the broadband modem 54 of GDU 32 connects to an
external network 84 and interfaces with the optical transceiver 36 via a hlugh-speed
interface 64 and both the broadband modem 34 and optical transceiver 536 are powered by
the wireless power transfer unit 60 {1.e., receiver unit converting magnetic field picked up
from the receiver coil 62 and rectifving/converting to a DC voltage for powering the

optical trausceiver 56 and broadband modem 34). For mstance, the wireless power
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transfer unit 60 may be configured (o provide power at § volts or any other desired rated
voliage.

(68291 The inductive coil antenna 62 enables the wireless power transfer unit 60
of the OPU 22 to be wirelessly powered. By way of example, wircless powering may be
accomplished according to the Qi standard which is an open interface standard that
deflines wireless power transfer using inductive charging over distances of up tod em (1.6
inches) and that was developed by the Wireless Power Consortium. The charging is
accomplished by resonant inductive coupling. For instance, the ODU 52 may be
powered by the IDU 66, According to an embodiment, the IDU 66 may be configured to
deliver about 30 Watts or more or less of power through a glass window of about 3 cm
thickness.

168361 The IDU 66 may include a Li-Fi optical transceiver 68 having one or
more sets of LEDs and photoreceptors 70 for transfer of data communications 72 with the
Li-Ft optical transceiver 56 of the ODU 52, The Li-F optical transceiver 68 may
communicate via a highspeed interface 86 with a network processor 74 and broadband
distribution medium (i.e., Wi-Fi, Ethernet, or the like) within the IDU 66, The network
processor may provide or control an access point to the WLAN within the home.

180311 The IDU 66 may also include a wireless power transfer unit 76, an
inductive coil antenna 78, and a switched-mode power supply (SMPS) 80. The SMPS &0
is an electronic power supply that incorporates a switching regulator to convert electrical
power efficiently and {o transfer power {rom a BDC or AC source to DC loads while

converting voltage and current characteristics. In FIG. 4, the SMPS 80 1s shown

10
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connected (o an AC power sonrce 82 and to provide the Li-Fi optical transceiver 68 and
network processor 74 with power at 5 volts. The SMPS 80 may be configured to provide
power, {or instance at 24 volts or other rated voltage, to the wireless power transfer unit
76 which may be configured with the inductive coil antenna 78 {o wirelessly power the
wireless power transfer unit 60 via resonant inductive coupling 88 applied to the
wductive coil antenna 62 of the ODU 52 as a receiver. Thus, the ODU 521
powered/charged by the IDU 66,

[6032] Accordingly, the outdoor data communication unit 52 interfaces with the
optical, coaxial, cellular, metropolitan wircless network, or other external network 84,
and the 1door data communtcation unit 66 15 coupled to the consumers home
gateway/indoor terminating device 74, The GDU 52 and IDU 66 are coupled through a
glass window 18 in the home using optical modulators {0 transceive data between the
QDU 52 and IDU 66 via optical physical layer Li-Fi technology or the like. In addition,
the ODU 52 is powered by wireless powering the ODU 52 by the DU 66 using wireless
resonant inductive coupling. The antennas 62 and 78 of the ODU 52 and IDU 606 are
configured to be optimized for near field communication thus making it possible to
wirelessly transmit power from the DU 66 to the ODU S2.

180331 The above described ODU and IDU may be provided in relatively
compact sizes of relatively hght weight and may be readily secured to a surface of a glass
window. For example, each of the GDU and IDU may be supported by a support bracket
or stand secured or fastened to the sill or surrounding structure of a window.,

Alternatively, the ODU may be secured to the window with adhesives, saction cups, or

11
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the like. Installation of the ODU and IDU should reduce operator liability and risk for
property damage and should be able to be 1nstalled 10 a very short period of time.
Alignment of the DU with the QDU shounld be simple permitting this function to be
performed by the homeowner or like untrained person. Thus, a professional installer may
not be required o enter the customer premises as the IDU may be able to be secured to a
surface of the window by the cousumer {1.¢., homecowner or the like). The connection
can provide a direct line-ot-sight between the optical transceivers of the ODU and 1DU
and thus should be immune {rom interference and should be able to provide high-speed
data communications {i.c., up to 5 Gbps}.

18834] A system for carrying out any of the above disclosed embodiments,
methods, or arrangements may include software or the like provided on a circuit board or
within another electronic device and can include various routers, modems, processors,
microprocessors, modules, units, components, controllers, chips, disk drives, and the like.
It will be apparent to one of ordinary skill in the art that gateways, routers, modems,
systems, modales, components, units, processors, servers, and the like may be
tmpiemenied as electronic components, sofiware, hardware or a combination of hardware
and software for purposes of providing a systenm.

130351 While the prinaiples of the invention have been described above
regarding specific devices, apparatus, systems, and/or methods, it 1s to be clearly
understood that this description 1s made only by way of example and not as limitation.
One of ordinary skill in the art will appreciate that various modifications and changes can

be made without departing from the scope of the claims below.

12
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[6836] The above description illustrates various embodiments along with
exaraples of how aspects of particular erabodiments may be iroplemented, and are
presented to HHustrate the flexibility and advantages of particular embodiments as defined
by the following claims, and should not be deemed to be the only embodiments. One of
ordinary skill in the art will appreciate that based on the above disclosure and the
tollowing claims, other arrangements, exobodiroents, implementations and equivalents
may be employed without departing from the scope hereof as defined by the claims.
Accordingly, the specification and figures are {o be regarded in an llustrative rather than
a restrictive sense, and all such modifications are intended to be included within the
scope of the present invention. The benefitls, advantages, solutions to problems, and any
element(s) that may cause any benefit, advantage, or solution to oceur or become more
pronounced are not to be construed as a critical, required, or essential features or
clements of any or all the claims. The invention is defined solely by the appended

claims.

13
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CLAIMS
We claim:

1. A customer premises equipment (CPE) apparatus, comprising:

an outdoor data communication unit and a separate indoor data
communication unit between which wireless data communications
are transferable through a window of a building;

wherein each of the outdoor and indoor data communication units has an
optical transceiver for transmitting and receiving wireless data
communications therebetween such that the wireless data
communications are wireless optical data communications;

wherein the outdoor data communication unit has a wireless power
transfer unit which powers the optical transceiver of the outdoor
data communication unit; and

wherein the indoor data communication unit has a wireless power transfer
unit that powers or charges the wireless power transfer unit of the

outdoor data communication unit by wireless power transfer.

2. The CPE apparatus according to claim 1, wherein each of the wireless power

transfer units includes an inductive coil antenna, and wherein the wireless power transfer

is by resonant inductive coupling.

14
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3. The CPE apparatus according to claim 1, wherein the outdoor data
communication unit is adapted for being mounted adjacent an exterior surface of the
window of the building and the indoor data communication unit is adapted for being
mounted adjacent an interior surface of the window of the building opposite the outdoor
data communication unit such that the window extends between the outdoor and indoor
data communication units and such that the wireless optical data communications and

wireless power transfer pass through the window.

4. The CPE apparatus according to claim 1, wherein the optical transceivers of
the outdoor and indoor data communication units are configured to transmit and receive

wireless, direct line-of-sight, light communications therebetween.

5. The CPE apparatus according to claim 1, wherein the wireless optical data
communications are at least one of visible light communications, ultraviolet (UV)
electromagnetic radiation communications, and infrared electromagnetic radiation

communications.

6. The CPE apparatus according to claim 1, wherein each of the optical
transceivers are Light Fidelity (Li-Fi) optical transceivers including a light emitting diode
(LED) and a photoreceptor by which wireless, direct line-of-sight, light communications

are transmitted and received.

15
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7. The CPE apparatus according to claim 1, wherein the outdoor data
communication unit includes a broadband modem that interfaces with the optical

transceiver of the outdoor data communication unit.

8. The CPE apparatus according to claim 7, wherein the broadband modem is
selected from a group consisting of a cable modem, an optical network termination

(ONT) modem, a satellite to Internet Protocol (SAT to IP) modem, and a cellular modem.

9. The CPE apparatus according to claim 7, wherein the broadband modem is

powered by the power transfer unit of the outdoor data communication unit.

10. The CPE apparatus according to claim 7, wherein the broadband modem is
adapted for being interconnected to at least one of a wide area network, an access
network, a service provider’s network, the Internet, a cable network, a fiber-to-the-home
network (FTTH), a direct-to-home (DTH) network, and a cellular mobile communication

network.

11. The CPE apparatus according to claim 1, wherein the indoor data
communication unit includes a switched-mode power supply (SMPS) that provides power
to the optical transceiver and the wireless power transfer unit of the indoor data

communication unit.

16
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12. The CPE apparatus according to claim 1, wherein the indoor data
communication unit includes a network processor for a local area network, and wherein
the network processor interfaces with the optical transceiver of the indoor data

communication unit.

13. A Customer Premises Equipment (CPE) system for transferring data
communications between an electronic component located exterior of a building to an
electronic component located interior of the building, comprising:

an outdoor data communication unit for communicating with a separate

indoor data communication unit by wireless optical data
communications through a window of the building;

the outdoor data communication unit having an optical transceiver for

transmitting and receiving the wireless optical data
communications; and

the outdoor data communication unit having a wireless power transfer unit

that powers the optical transceiver and that includes an inductive
coil antenna for being powered or charged by resonant inductive

coupling.

14. The CPE system according to claim 13, wherein the outdoor data
communication unit is adapted for being mounted adjacent an exterior surface of the

window of the building.

17
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15. The CPE system according to claim 13, wherein the optical transceiver of the
outdoor data communication unit is configured to communicate with the indoor data
communication unit with wireless, direct line-of-sight, optical communications using at
least one of visible light, ultraviolet (UV) electromagnetic radiation, and infrared

electromagnetic radiation.

16. The CPE system according to claim 15, wherein the optical transceiver is a
Light Fidelity (Li-Fi) optical transceiver including a light emitting diode (LED) and a
photoreceptor by which the wireless, direct line-of-sight, light communications are

transmitted and received.

17. The CPE system according to claim 13, wherein the outdoor data
communication unit includes a broadband modem that interfaces with the optical

transceiver of the outdoor data communication unit.

18. A Customer Premises Equipment (CPE) system for transferring data
communications between an electronic component located exterior of a building to an
electronic component located interior of the building, comprising:

an indoor data communication unit for communicating with a separate

outdoor data communication unit by wireless optical data

communications through a window of the building;

18
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the indoor data communication unit having an optical transceiver for
transmitting and receiving the wireless optical data
communications; and

the indoor data communication unit having a wireless power transfer unit
with an inductive coil antenna that that powers or charges the

outdoor data communication unit by resonant inductive coupling.

19. The CPE system according to claim 18, wherein the indoor data
communication unit includes a network processor for a local area network, and wherein

the network processor interfaces with the optical transceiver.

20. The CPE system according to claim 19, wherein the indoor data

communication unit includes a switched-mode power supply (SMPS) that powers the

optical transceiver, network processor, and the wireless power transfer unit.
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