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QUASI-OPTICAL COUPLER

FIELD OF THE DISCLOSURE
[0002] The subject disclosure relates to wireless communications, e.g., to providing

connectivity to base stations and distributed antennas using millimeter wavelength surface wave

communications.

BACKGROUND

[0003] As smart phones and other portable devices increasingly become ubiquitous, and
data usage skyrockets, macrocell base stations and existing wireless infrastructure are being
overwhelmed. To provide additional mobile bandwidth, small cell deployment is being pursued,
with microcells and picocells providing coverage for much smaller areas than traditional

macrocells, but at high expense.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 1s a block diagram illustrating an example, non-limiting embodiment of a

surface wave communications system in accordance with various aspects described herein.
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[0005] FIG. 2 1s a block diagram 1llustrating an example, non-limiting
embodiment of a quasi-optical transmitter in accordance with various aspects described
herein.

[0006] FIG. 3 1s a block diagram 1llustrating an example, non-limiting
embodiment of a quasi-optical receiver in accordance with various aspects described
herein.

[0007] FIG. 4 1s a block diagram illustrating an example, non-limiting
embodiment of a bidirectional quasi-optical transmitter in accordance with various
aspects described herein.

[0008] FIG. 5 1s a block diagram 1llustrating an example, non-limiting
embodiment of a quasi-optical repeater in accordance with various aspects described
herein.

[0009] FIG. 6 1s a block diagram 1llustrating an example, non-limiting
embodiment of a reflector in a quasi-optical coupling system 1n accordance with various
aspects described herein.

[0010] FIG. 7 1s a block diagram illustrating an example, non-limiting
embodiment of a polarization sensitive quasi-optical coupling system 1n accordance with
various aspects described herein.

[0011] FIG. 8 1llustrates a flow diagram of an example, non-limiting embodiment
of a method for transmitting a transmission with a quasi-optical coupler as described
herein.

[0012] FIG. 9 illustrates a flow diagram of an example, non-limiting embodiment
of a method for receiving a transmission with a quasi-optical coupler as described herein.
[0013] FIG. 10 1s a block diagram of an example, non-limiting embodiment of a
computing environment in accordance with various aspects described herein.

[0014] FIG. 11 1s a block diagram of an example, non-limiting embodiment of a

mobile network platform in accordance with various aspects described herein.

DETAILED DESCRIPTION
[0015] One or more embodiments are now described with reference to the
drawings, wherein like reference numerals are used to refer to like elements throughout.

In the following description, for purposes of explanation, numerous specific details are
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set forth 1n order to provide a thorough understanding of the various embodiments. It is
cvident, however, that the various embodiments can be practiced without these specific
details (and without applying to any particular networked environment or standard).
[0016] To provide network connectivity to additional base stations, the backhaul
network that links the microcells and macrocells to the core network correspondingly
expands. Similarly, to provide network connectivity to a distributed antenna system, the
communication systcm that links basc stations and their distributed antecnnas
corrcspondingly cxpands. A surfacc wave communication systcm can be provided to
cnablc the incrcascd nctwork conncctivity and a quasi-optical coupling systecm can be
provided to transmit and receive surface wave communications on a wire.

[0017] For these considerations as well as other considerations, 1n one or more
embodiments, an apparatus includes a transmitter that emits a transmission, wherein a
wavelength of the transmission corresponds to a millimeter-wave band. The apparatus
also includes a reflector, positioned with respect to a wire such that the retlector reflects
the transmission 1n a direction substantially parallel to the wire thereby resulting in a
reflected transmission, wherein the reflected transmission 1s a guided wave that 1s guided
based on a surface of the wire.

[0018] In another embodiment, an apparatus mncludes a reflector, positioned with
respect to a wire such that the reflector reflects an incoming transmission away from the
wire, wherein the incoming transmission 1s a guided wave that 1s guided based on a
surface of the wire that travels in a direction substantially parallel to the wire. The
apparatus also includes a receiver that receives the incoming transmission, wherein a
wavelength of the incoming transmission corresponds to a millimeter-wave band.

[0019] In another embodiment, a method includes emitting, by a transmission
device, a transmission towards a first side of a reflector that 1s near a wire, wherein the
transmission comprises a wavelength corresponding to a millimeter-wave band. The
method also 1ncludes retlecting the transmission 1n a direction substantially parallel to the
wire resulting 1n a reflected transmission, wherein the reflected transmission 1s a guided
wave on a surface of the wire.

[0020] Various embodiments described herein relate to a quasi-optical coupling
system for launching and extracting surface wave communication transmissions from a

wire. At millimeter-wave frequencies, where the wavelength 18 small compared to the
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macroscopic size of the equipment, the millimeter-wave transmissions can be transported
from one place to another and diverted via lenses and reflectors, much like visible light.
Transmitters and receivers can be positioned near telephone and power lines and
reflectors placed on or near the cables can reflect transmissions onto or off of the cables.
The lenses on the transmitters are focused, and the reflectors positioned such that the
reflected transmissions become guided waves on the surface of the cables. The reflectors
can bc polarization scnsitive, where onc or morc of a sct of guided wave modcs can be
rctlccted oft the wire bascd on the polarization of the guided wave modcs and
polarization and oricntation of the rctlcctor.

0021] Referring now to FI1G. 1, a block diagram illustrating an example, non-
limiting embodiment of a surface wave communication system 100 1s shown. Surface
wave communication system 100 depicts an exemplary environment 1n which a quasi-
optical coupling system can be used.

[0022] Surface wave communication system 100 can be a distributed antenna
system that includes one or more base stations (e.g., base station device 104) that are
communicably coupled to a macrocell site 102 or other network connection. Base station
device 104 can be connected by fiber and/or cable, or by a microwave wireless
connection to macrocell site 102. Macrocells such as macrocell site 102 can have
dedicated connections to the mobile network and base station device 104 can piggyback
off of macrocell site 102's connection. Base station device 104 can be mounted on, or
attached to, utility pole 116. In other embodiments, base station device 104 can be near
transformers and/or other locations situated nearby a power line.

[0023] Base station device 104 can facilitate connectivity to a mobile network for
mobile devices 122 and 124. Antennas 112 and 114, mounted on or near utility poles 118
and 120 can receive signals from base station device 104 and transmit those signals to
mobile devices 122 and 124 over a much wider area than if the antennas 112 and 114
were located at or near base station device 104.

[0024] [t 18 to be appreciated that FIG. 1 displays three utility poles, with one
base station device, for purposes of simplicity. In other embodiments, utility pole 116 can
have more base station devices, and one or more utility poles with distributed antennas
are possible.

[0025] A quasi-optical coupling device 106 can transmit the signal from base
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station device 104 to antennas 112 and 114 over a power line(s) that connect the utility
poles 116, 118, and 120. To transmut the signal, radio source and/or coupler 106
upconverts the signal (via frequency mixing) from base station device 104 to a
millimeter-wave band signal and the quasi-optical coupling device 106 launches a
millimeter-wave band surface-wave (via embodiments shown 1in FIGs. 2, 4, and §) that
propagates as a guided wave traveling along the wire. At utility pole 118, another quasi-
optical coupling dcvice 108 rcecives the surfacc-wavce (c.g., FIG. 3) and can amplify 1t
and scnd 1t forward on the powcr linc. The quasi-optical coupling device 108 can also
cxtract a signal from the millimeter-wave band surtfacc-wave and shift it down 1n
frequency to 1ts original cellular band frequency (e.g., 1.9 GHz or other cellular
frequency). An antenna 112 can transmit the downshifted signal to mobile device 122.
The process can be repeated by quasi-optical coupling device 110, antenna 114 and
mobile device 124.

[0026] Transmissions from mobile devices 122 and 124 can also be recerved by
antennas 112 and 114 respectively. Repeaters on quasi-optical coupling devices 108 and
110 can upshift the cellular band signals to millimeter-wave band and transmit the signals
as surface-wave transmissions over the power line(s) to base station device 104.

[0027] In an embodiment, system 100 can employ diversity paths, where two or
more wires are strung between the utility poles 116, 118, and 120 and redundant
transmissions from base station 104 are transmitted as guided waves down the surface of
the wires. The wires can be both insulated and uninsulated, and depending on the
environmental conditions that cause transmission losses, the coupling devices can
selectively receive signals from the insulated or uninsulated wires. The selection can be
based on measurements of the signal-to-noise ratio of the wires, or based on determined
weather/environmental conditions (e.g., moisture detectors, weather forecasts, and etc.).
[0028] It 1s to be appreciated that the use of the quasi-optical coupling devices
106, 108, and 110 1n FIG. 1 are exemplary, and that in other embodiments, other uses are
possible. For instance, quasi-optical coupling devices can be used in a backhaul
communication system, providing network connectivity to base stations. Quasi-optical
coupling devices can be used in any circumstance where 1t 18 desirable to transmit surface
wave communications over a wire, insulated or not insulated. Quasi-optical coupling

devices are improvements over other coupling devices due to the limited contact with the

S



CA 02928355 2016-04-21

WO 2015/088630 PCT/US2014/061443

wires. Usually, when working with medium or high voltage power cables, specially
trained technicians are required, but with quasi-optical coupling devices, the apparatus 18
located away from the wire, allowing for cheap and casy installation.

[0029] Turning now to FIG. 2, illustrated 18 a block diagram of an example, non-
limiting embodiment of a quasi-optical transmitter in accordance with various aspects
described herein. System 200 includes a transmitter 202 that generates and emaits a
transmission that 1s 1n a millimcter-wave band. The transmission that 1s gencrated by the
transmittcr 202 can be bascd on a signal received from basc station device 104 or mobile
devices 122 or 124, Lens 204 can focus the millimcter-wave transmission towards a
retlector 208 that 1s positioned such that the reflected transmission travels 1in a direction
substantially parallel to the wire 206. The reflected transmission then propagates as a
guided wave travelling along the wire 206. The guided wave, or surface wave, will stay
parallel to the wire 206, even as the wire 206 bends and flexes. Bends can increase
transmission losses, which are also dependent on wire diameters, frequency, and
materials.

[0030] In an embodiment, the transmitter 202 1s positioned and the lens 204 1s
focused such that the transmission emitted 1s focused to where the reflector 208 and wire
206 meet. The focal point (1.e., beam waist) can be larger than a diameter of wire 206 but
as the transmission 1s reflected, the reflected transmission propagates 1n a direction
substantially parallel to the wire 206 , thus launching surtace wave 210.

[0031] [t 1s to be appreciated that the word “parallel” 1s a mathematical term of art
that means that parallel lines are lines in plane which do not intersect or touch at any
point. The term parallel as a mathematical construct 1s often not achievable 1n real
systems due to various electro, mechanical, or other interfering force. In this disclosure,
parallel and substantially parallel are used in such a way as to encompass the
mathematical definition of parallel as well as minor deviations therefrom where for
practical purposes or intents, a parallel characteristic has been achieved.

[0032] The lens 204 can be a diclectric lens (e.g., a Luneburg lens). The
transmitter 202 can be a millimeter-wave monolithic integrated circuit with a feed that
1lluminates the lens 204.

[0033] In an embodiment, the transmission that 1s emitted by the transmitter 202

can exhibit one or more waveguide modes. The waveguide modes can be dependent on
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the shape and/or design of the waveguide. After the reflection by the reflector 208, the
on¢ or more waveguide modes can couple to one or more surface wave modes of the
guided surface wave 210. The surface wave modes can be different than the waveguide
modes due to the different characteristics of the waveguide and the wire. For instance,
surface wave modes can include the fundamental transverse electromagnetic mode
(Quasi-TEMyg), where only very small electrical and/or magnetic fields extend in the
dircction of propagation, and the ficlds cxtend radially outwards. This surfacc wave
modc docs not cxist insidc a wavcguide that 1s hollow. Therctore, the waveguide modcs
that arc uscd by transmitter 202 arc wavcguide modcs that can couple ctfcctively and
ctticiently to surtace wave modes of wire 206.

[0034] It 1s to be appreciated that guided surface wave 210 18 shown using three
circular symbols m FIG. 2. These symbols are used to represent a general surface wave,
but do not imply that the surtace wave 210 1s circularly polarized or otherwise circularly
oriented. In fact, surtace wave 210 can include a fundamental TEM mode where the
ficlds extend radially outwards, and also include other, higher level modes.

[0035] In an embodiment, the wavelength of the transmission 1s comparable 1n
s1ze, or smaller than a circumference of the wire 206. In an example, 1f the wire 206 has
a diameter of 0.5 cm, and a corresponding circumference of around 1.5 cm, the
wavelength of the transmission 1s around 1.5 cm or less, corresponding to a frequency of
20 GHz or greater. In another embodiment, an i1deal frequency of the transmission and
the carrier-wave signal 1s around 38 GHz. In experimental results, when the
circumference of the wire 206 1s comparable 1n size to, or greater, than a wavelength of
the transmission, the surface wave 210 exhibits a plurality of surface-wave modes. The
surface wave 210 can therefore comprise more than one type of electrical and magnetic
field configuration. As the surface wave 210 propagates down the wire 206, the plurality
of electrical and magnetic field configurations will remain the same from end to end of
the wire 206.

[0036] Turning now to FIG. 3, illustrated 18 block diagram of an example, non-
limiting embodiment of a quasi-optical receiver system 300.  Quasi-optical recerver
system 300 includes a receiver 302 that receives a transmission that 1s reflected from a
reflector 308 positioned on or near a wire 306. The transmission that 1s reflected off of

reflector 308 can be from a guided wave surface wave 310 that travels along the wire 306
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until 1t 18 reflected by retlector 308. A lens 304 can focus the reflected transmission into
a waveguide feed associated with the receiver 302.

[0037] The surtface wave 310 can be a guided wave that was transmitted by a
transmitter (as show 1n FIG. 2) and the surface wave 310 can exhibit one or more modes
that are associated with surface waves on a wire. After the reflection by the reflector
308, the one or more surface wave modes can couple to one or more waveguide modes
that arc dcpendent on the design and configuration of the waveguide fecd 1 the reccrver
302. Thc wavcguide modcs can be diffcrent than the surfacc wave modcs duc to the
diffcrent characteristics of the wirc and the waveguidc.

[0038] An exemplary surtace wave mode of the surface wave 310 can be a
fundamental transverse electromagnetic mode (Quasi-TEMgg), where only small
clectrical and magnetic fields extend 1n the direction of propagation, and the fields extend
radially outwards. The mode pattern 1s symmetric with regard to the longitudinal axis of
the wire 306. If the mode pattern 1s symmetric, 1t does not matter at which orientation
around the wire 306 that the reflector 308 and receiver 302 are placed with respect to
cach other. According to experimental results however, when the circumference of the
wire 306 1s comparable 1n size to, or greater, than a wavelength of the transmission,
multi-mode behavior 1s exhibited and at least one of the modes present 1s asymmetrical,
as periodic nulls are experienced when rotating the recerver 302 and reflector 308 around
the wire 306 with respect to a transmitter that originated the transmission.

[0039] Turning now to FIG. 4, illustrated 1s a block diagram of an example, non-
limiting embodiment of a bidirectional quasi-optical transmitter. System 400 includes
two transmitters, 408 and 406 that generate and emit transmissions that are 1n a
millimeter-wave band. The transmission that is generated by the transmitters 406 and
408 can be based on a signal recerved from a base station or mobile device (e.g., base
station device 104 or mobile devices 122 or 124). The transmissions from transmitters
406 and 408 reflect off of reflector 404 and propagate down wire 402 1n opposite
directions as surface wave transmissions 412 and 410 respectively.

[0040] In an embodiment, the surface of both sides of reflector 404 are reflective,
allowing a single reflector to be used with the transmitters 406 and 408 being positioned
on opposite and/or opposing sides of wire 402. In other embodiments multiple reflectors

can be used and positioned such that transmitters 406 and 408 can be placed 1n many
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different positions and orientations with respect to each other. In an exemplary
embodiment, reflector 404 can be substantially "V" shaped or similar shape that allows
transmitters 406 and 408 to be placed next to each other and oriented 1n such a way that
transmissions gencrated by the transmitter 406 and 40% are retlected off the reflector 404
so that the surtace wave transmissions 410 and 412 travel 1n opposite directions on
opposite sections of wire 402.

[0041] In an altcrnative cmbodiment, transmitters 406 and 408 can also include
rccervers and be configured to reccive surface wave transmissions that arc retlected oft of
thc wirc 402 by rctlcctor 404. The reflected transmissions can be focuscd by Ienscs onto
waveguide feeds associated with recerver/transmitters 406 and 408.

[0042] Turning now to FI1G. 5, 1llustrated 15 a block diagram of an example, non-
limiting embodiment of a quasi-optical repeater system 500. Repeater system 500
includes a transmitter 506 and a recerver 508 that receive a surface wave transmission
510 and retransmits as surface wave transmission 512 along a wire 502.

[0043] In an embodiment, surface wave 510 can propagate along wire 502 and be
reflected off the wire by reflector 504 towards recerver S508. Receive 508 can then pass
the transmission via a communications link 514 to transmitter 506. Transmitter 506
generates another transmission based on the transmission recerved by receiver 508. The
new transmission can be emitted towards reflector 504 such that the reflected
transmission is 1n a direction substantially parallel to the wire 502 and propagates as a
ogulded wave surface wave transmission 512.

[0044] Between recerver 508 and transmitter 506, along link 514, the signal can
be amplified to correct for signal loss and other 1neftficiencies associated with surface
wave communications. In an embodiment, a signal can be extracted from the
transmission and processed and otherwise emitted to mobile devices 122 and 124 via
antennas 112 and 114. Similarly, signals and/or communications received by antennas
112 and 114 from mobile devices 122 and 124 can be mserted into the transmission that
1s generated by transmitter 506. Accordingly, the repeater system 500 depicted in FIG. S
can be comparable 1n function to the quasi-optical coupling devices 108 and 110 in FIG.
1.

[0045] [t 18 to be appreciated that although FIG. 5 shows surface wave

transmissions 510 and 512 entering from the left and exiting to the right respectively, that
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1s merely a simplification and 1s not intended to be limiting. In other embodiments,
receiver S08 and transmitter 506 can also function as transmitters and receivers
respectively, allowing the repeater system 500 to be bi-directional. It 1s also to be
appreciated that while reflector 504 retlects to and from receiver 508 and transmitter 506,
in other embodiments multiple reflectors can be used and positioned such that receiver
508 and transmitter 506 can be placed 1n many different positions and orientations with
respect to cach other. In an exemplary ecmbodiment, reflector 504 can be substantially
"V" shapcd or similar shapc that allows rceciver 508 and transmitter 506 to be placed
ncxt to cach other.

10046} Referring now to FI1G. 6, depicted 18 a block diagram 1llustrating an
example, non-limiting embodiment of a retlector 604 1n a quasi-optical coupling system
600. Reflector 604 retlects a transmission 602 that was emitted by a transmatter (e.g.,
transmitter 202) substantially parallel to wire or cable 608 so that the retlected
transmission 612 propagates down the wire/cable 608 as a guided wave surface wave. In
particular, the transmission 602 couples to a guided wave mode 614 that 1s associated
with surface wave modes along a wire.

[0047] The transmitter , and a lens (e.g., lens 204) on the transmitter focus the
transmission 602 such that the focal point 1s at the intersection of the wire 608 and the
reflector 604, as shown by focal plane 606. The transmitter thus focuses the transmission
at the intersection of the wire 608 and the retlector 604, and the reflected transmission
propagates along the wire 608, substantially parallel to the wire 608.

[0048] When the reflecting the transmission 602 into surface wave 610, there can
be coupling inefticiencies that cause transmission loss. These coupling inetficiencies can
be reduced by ensuring that the focal plane 606 of the lens 1s at the intersection of the
reflector and the wire. The coupling inefficiencies can also be reduced by matching the
size of the intersection area near focal plane 606 to the size of the mode 614 on the wire.
[0049] Turning now to FIG. 7, illustrated 1s a block diagram of an example, non-
lhmiting embodiment of a polarization sensitive quasi-optical coupling system 700.
Polarization sensitive quasi-optical coupling system 700 includes a polarized and/or
polarization sensitive reflector 704 that reflects towards a receiver 708 a polarized portion
706 of a surface wave transmission 710, while allowing another (differently polarized)

portion 712 to continue propagating down wire 702.
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[0050] In an embodiment, surface wave transmission 710 as it propagates along
wire 702, can contain one or more guided wave modes that are polarized. The
polarization can include circular polarization modes as well as horizontal and vertical
polarization modes. The reflector 704 can reflect the component or mode 706 of the
surface wave transmission 710 that 1s polarized parallel to a polarization vector of the
reflector 704. The reflector 704 can let pass through without reflection the component
712 of the¢ surfacc wavce transmission 710 that 1s not polarized parallcl to a polarization
vector of the reflector 704.

[0051] In the cmbodiment shown 1n F1G. 7, retlector 704 can be compriscd of a
closcly spaced array of straight metal wires (although other means of polarizing a
retlector are known to those having ordinary skill in the art) that are oriented horizontally
pointing into and out of the diagram. Surtace wave transmission 710 can have guided
wave modes, one oriented into the diagram, while the other 1s polarized vertically. The
hori1zontally polarized mode 18 polarized parallel to the polarization vector of the reflector
704 and therefore 18 reflected towards receiver 708 as reflected transmission 706.
Meanwhile since component 712 18 not polarized parallel to the polarization vector of the
reflector 704, 1t passes through reflector 704.

[0052] In th1s way, different components or modes of the wire can be selectively
received by a plurality of receivers that are located in the surface wave communication
system. For instance, with reference to FIG. 1, quasi-optical coupling device 108 can
receive a particular component or mode of the surface wave transmission, while quasi-
optical coupling device 110 receives a different component or mode of the surface wave
transmission.

[0053] In other embodiments, recerver 708 can be replaced or supplemented with
a transmitter that can transmit polarized transmissions. Transmissions that are polarized
parallel to the wire (horizontally polarized) can be reflected by reflector 704 and
propagate as surface waves to the left along the wire 702. Transmissions that are not
polarized horizontally can pass through the reflector 704 without being reflected.

[0054] FI1Gs.8 and 9 1llustrate a process in connection with the aforementioned
systems. The processes in FIG. 8 and 9 can be implemented for example by systems 200
and 300 1llustrated 1n FIGs. 2-3 respectively. While for purposes of simplicity of

explanation, the methods are shown and described as a series of blocks, it 1s to be
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understood and appreciated that the claimed subject matter 18 not limited by the order of
the blocks, as some blocks may occur 1n different orders and/or concurrently with other
blocks from what 1s depicted and described herein. Morcover, not all 1llustrated blocks
may be required to implement the methods described hereinafter.

[0055] FIG. 8 illustrates a flow diagram of an example, non-limiting embodiment
of a method for transmitting a transmission with a quasi-optical coupler as described
hercin. Mcthod 800 can begin at 802 where a transmission cmitted by a transmission
dcvice towards a first sidc of a rcflcctor that 18 ncar a wirc, whercin the transmission
compriscs a wavcelength corresponding to a millimcter-wave band. The transmission that
1s gencrated by a transmitter can be based on a signal received from a base station device
or a mobile device. A lens, dielectric or otherwise, can focus the millimeter-wave
transmission towards a reflector.

[0056] At 804, the transmission 1s reflected 1n a direction substantially parallel to
a wire resulting 1n a reflected transmission, wherein the reflected transmission 1s a guided
wave on surface of the wire. The reflected transmission then propagates as a guided
wave travelling along the wire. The guided wave, or surtace wave, will stay parallel to
the wire even as the wire bends and flexes. Bends can increase transmission losses,
which are also dependent on wire diameters, frequency, and materials.

[0057] The transmission that 1s emitted by the transmitter can exhibit one or more
waveguide modes. The waveguide modes can be dependent on the shape and/or design
of the waveguide. After the retlection by the reflector, the one or more waveguide modes
can couple to one or more surface wave modes of the guided surtface wave. The surface
wave modes can be different than the waveguide modes due to the different
characteristics of the waveguide and the wire. In experimental results, when the
circumference of the wire 1s comparable 1n size to, or greater, than a wavelength of the
transmission, the surface wave exhibits a plurality of surface-wave modes. The surface
wave can therefore comprise more than one type of electrical and magnetic field
configuration. As the surface wave propagates down the wire, the plurality of electrical
and magnetic field configurations will remain substantially the same from end to end of
the wire.

[0058] Turning now to FIG. 9, illustrated 1s a flow diagram of an example, non-

limiting embodiment of a method for receiving a transmission with a quasi-optical
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coupler as described herein. At 902, an incoming transmission 18 reflected away from a
wire, wherein the incoming transmission 1s a guided wave on the surface of the wire. The
surface wave can be a guided wave that was transmitted by a transmitter (as show 1n
FIG. 2) and the surface wave can exhibit one or more modes that are associated with
surface waves on a wire.

[0059] At 904, the incoming transmission 18 received at a recerver, wherein the
wavclength of the incoming transmission corrcsponds to the millimcter-wave band. After
the rctlcction by the retlector, the onc or more surtface wave modcs can couplc to onc or
morc wavcguide modcs that arc dependent on the design and configuration of the
waveguide feed m the receiver. The waveguide modes can be different than the surface
wave modes due to the different characteristics of the wire and the waveguide.

[0060] Reterring now to FIG. 10, there 1s 1llustrated a block diagram of a
computing environment 1n accordance with various aspects described herein. In order to
provide additional context for various embodiments of the embodiments described
herein, FIG. 10 and the following discussion are intended to provide a brief, general
description of a suitable computing environment 1000 1in which the various embodiments
of the embodiment described herein can be implemented. While the embodiments have
been described above in the general context of computer-executable instructions that can
run on one or more computers, those skilled 1n the art will recognize that the
embodiments can be also implemented 1in combination with other program modules
and/or as a combination of hardware and software.

[0061] Generally, program modules include routines, programs, components, data
structures, etc., that perform particular tasks or implement particular abstract data types.
Moreover, those skilled in the art will appreciate that the inventive methods can be
practiced with other computer system configurations, including single-processor or
multiprocessor computer systems, minicomputers, mainframe computers, as well as
personal computers, hand-held computing devices, microprocessor-based or
programmable consumer electronics, and the like, each of which can be operatively
coupled to one or more associated devices.

[0062] The terms “first,” “second,” “‘third,” and so forth, as used 1n the claims,
unless otherwise clear by context, 18 for clarity only and doesn’t otherwise indicate or

2 Ci

imply any order in time. For instance, ““a first determination,” “a second determination,”
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and “‘a third determination,” does not indicate or imply that the first determination 1s to be
made before the second determination, or vice versa, etc.

[0063] The 1llustrated embodiments of the embodiments herein can be also
practiced in distributed computing environments where certain tasks are performed by
remote processing devices that are linked through a communications network. In a
distributed computing environment, program modules can be located in both local and
rcmotc memory storagce dcevicces.

10064] Computing dcvices typically includce a varicty of media, which can include
computcr-rcadablc storage mcdia and/or communications mcedia, which two tcrms arc
used herein difterently from one another as follows. Computer-readable storage media
can be any available storage media that can be accessed by the computer and includes
both volatile and nonvolatile media, removable and non-removable media. By way of
example, and not limitation, computer-readable storage media can be implemented 1n
connection with any method or technology for storage of information such as computer-
readable instructions, program modules, structured data or unstructured data.

[0065] Computer-readable storage media can include, but are not limited to,
random access memory (RAM), read only memory (ROM), electrically erasable
programmable read only memory (EEPROM), flash memory or other memory
technology, compact disk read only memory (CD-ROM), digital versatile disk (DVD) or
other optical disk storage, magnetic cassettes, magnetic tape, magnetic disk storage or
other magnetic storage devices or other tangible and/or non-transitory media which can
be used to store desired information. In this regard, the terms “tangible” or “non-
transitory” herein as applied to storage, memory or computer-readable media, are to be
understood to exclude only propagating transitory signals per se as modifiers and do not
relinquish rights to all standard storage, memory or computer-readable media that are not
only propagating transitory signals per se.

[0066] Computer-readable storage media can be accessed by one or more local or
remote computing devices, €.g., via access requests, queries or other data retrieval
protocols, for a variety of operations with respect to the information stored by the
medium.

[0067] Communications media typically embody computer-readable instructions,

data structures, program modules or other structured or unstructured data in a data signal
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such as a modulated data signal, ¢.g., a carrier wave or other transport mechanism, and
includes any information delivery or transport media. The term “modulated data signal™
or signals refers to a signal that has one or more of its characteristics set or changed 1n
such a manner as to encode information 1n one or more signals. By way of example, and
not limitation, communication media include wired media, such as a wired network or
direct-wired connection, and wireless media such as acoustic, RF, infrared and other
wircless media.

[0068] With rcterence again to FI1G. 10, the cxamplc cnvironment 1000 for
implcmenting various cmbodiments of the aspects described hercin includces a computer
1002, the computer 1002 including a processing unit 1004, a system memory 1006 and a
system bus 1008. The system bus 1008 couples system components including, but not
limited to, the system memory 1006 to the processing unit 1004. The processing unit
1004 can be any of various commercially available processors. Dual microprocessors
and other multi-processor architectures can also be employed as the processing unit 1004.
[0069] The system bus 1008 can be any of several types of bus structure that can
further interconnect to a memory bus (with or without a memory controller), a peripheral
bus, and a local bus using any of a variety of commercially available bus architectures.
The system memory 1006 includes ROM 1010 and RAM 1012. A basic mput/output
system (BIOS) can be stored in a non-volatile memory such as ROM, erasable
programmable read only memory (EPROM), EEPROM, which BIOS contains the basic
routines that help to transfer information between elements within the computer 1002,
such as during startup. The RAM 1012 can also include a high-speed RAM such as static
RAM for caching data.

[0070] The computer 1002 further includes an internal hard disk drive (HDD)
1014 (e.g., EIDE, SATA), which internal hard disk drive 1014 can also be configured for
external use 1n a suitable chassis (not shown), a magnetic floppy disk drive (FDD) 1016,
(e.g., to read from or write to a removable diskette 1018) and an optical disk drive 1020,
(e.g., reading a CD-ROM disk 1022 or, to read from or write to other high capacity
optical media such as the DVD). The hard disk drive 1014, magnetic disk drive 1016 and
optical disk drive 1020 can be connected to the system bus 1008 by a hard disk drive
interface 1024, a magnetic disk drive interface 1026 and an optical drnive mterface 1028,

respectively. The interface 1024 for external drive implementations includes at least one
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or both of Universal Serial Bus (USB) and Institute of Electrical and Electronics
Engineers (IEEE) 994 interface technologies. Other external drive connection
technologies are within contemplation of the embodiments described herein.

[0071] The drives and their associated computer-readable storage media provide
nonvolatile storage of data, data structures, computer-executable instructions, and so
forth. For the computer 1002, the drives and storage media accommodate the storage of
any data 1n a suitablc digital format. Although the description of computer-rcadablc
storagc mcdia abovc rcfers to a hard disk drive (HDD), a rcmovablec magnctic diskette,
and a rcmovablc optical mcdia such as a CD or DVD, 1t should bc apprcciated by thosc
skilled 1n the art that other types of storage media which are readable by a computer, such
as z1p drives, magnetic cassettes, flash memory cards, cartridges, and the like, can also be
used 1n the example operating environment, and further, that any such storage media can
contain computer-executable instructions for performing the methods described herein.
[0072] A number of program modules can be stored 1n the drives and RAM 1012,
including an operating system 1030, one or more application programs 1032, other
program modules 1034 and program data 1036. All or portions of the operating system,
applications, modules, and/or data can also be cached in the RAM 1012. The systems
and methods described heremn can be implemented utilizing various commercially
available operating systems or combinations of operating systems.

[0073] A user can enter commands and information into the computer 1002
through one or more wired/wireless mput devices, e.g., a keyboard 1038 and a pointing
device, such as a mouse 1040. Other input devices (not shown) can include a
microphone, an infrared (IR) remote control, a joystick, a game pad, a stylus pen, touch
screen or the like. These and other input devices are often connected to the processing
unit 1004 through an input device interface 1042 that can be coupled to the system bus
1008, but can be connected by other interfaces, such as a parallel port, an IEEE 1394
serial port, a game port, a universal serial bus (USB) port, an IR 1nterface, etc.

[0074] A monitor 1044 or other type of display device can be also connected to
the system bus 1008 via an interface, such as a video adapter 1046. In addition to the
monitor 1044, a computer typically includes other peripheral output devices (not shown),

such as speakers, printers, etc.
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[0075] The computer 1002 can operate in a networked environment using logical
connections via wired and/or wireless communications to one or more remote computers,
such as a remote computer(s) 1048. The remote computer(s) 1048 can be a workstation,
a server computer, a router, a personal computer, portable computer, microprocessor-
based entertainment appliance, a peer device or other common network node, and
typically includes many or all of the elements described relative to the computer 1002,
although, for purposcs of brcvity, only a memory/storage device 1050 1s illustratcd. The
logical conncctions depicted include wircd/wircless conncctivity to a local arca nctwork
(LAN) 1052 and/or largcr nctworks, ¢.g., a wide arca nctwork (WAN) 1054. Such LAN
and WAN networking environments are commonplace 1n offices and companies, and
facilitate enterprise-wide computer networks, such as intranets, all of which can connect
to a global communications network, ¢.g., the Internet.

[0076] When used 1n a LAN networking environment, the computer 1002 can be
connected to the local network 1052 through a wired and/or wireless communication
network interface or adapter 1056. The adapter 1056 can tacilitate wired or wireless
communication to the LAN 10352, which can also include a wireless AP disposed thercon
for communicating with the wireless adapter 1056.

[0077] When used in a WAN networking environment, the computer 1002 can
include a modem 1058 or can be connected to a communications server on the WAN
1054 or has other means for establishing communications over the WAN 1054, such as
by way of the Internet. The modem 1058, which can be internal or external and a wired
or wireless device, can be connected to the system bus 1008 via the mput device interface
1042. In a networked environment, program modules depicted relative to the computer
1002 or portions thereof, can be stored in the remote memory/storage device 1050. It
will be appreciated that the network connections shown are example and other means of
establishing a communications link between the computers can be used.

[0078] The computer 1002 can be operable to communicate with any wireless
devices or entities operatively disposed in wireless communication, €.g., a printer,
scanner, desktop and/or portable computer, portable data assistant, communications
satellite, any piece of equipment or location associated with a wirelessly detectable tag
(¢.g., a kiosk, news stand, restroom), and telephone. This can include Wireless Fidelity

(W1-F1) and BLUETOOTH® wireless technologies. Thus, the communication can be a
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predefined structure as with a conventional network or simply an ad hoc communication
between at least two devices.

[0079] Wi-F1 can allow connection to the Internet from a couch at home, a bed 1n
a hotel room or a conference room at work, without wires. Wi-F1 18 a wireless
technology similar to that used 1n a cell phone that enables such devices, €.g., computers,
to send and receive data indoors and out; anywhere within the range of a base station.
Wi-F1 nctworks usc radio tcchnologics called IEEE 802.11 (a, b, g, n, ac, ctc.) to providc
sccure, rchiable, fast wircless conncctivity. A Wi-F1 nctwork can be uscd to conncct
computcrs to cach othcr, to the Internct, and to wircd nctworks (which can usc IEEE
802.3 or Ethernet). Wi-Fi1 networks operate 1n the unlicensed 2.4 and 5 GHz radio bands,
at an 11 Mbps (802.11a) or 54 Mbps (802.11b) data rate, for example or with products
that contain both bands (dual band), so the networks can provide real-world performance
similar to the basic 10BaseT wired Ethernet networks used 1n many offices.

[0080] FIG. 11 presents an example embodiment 1100 of a mobile network
plattorm 1110 that can implement and exploit one or more aspects of the disclosed
subject matter described herein. Generally, wireless network platform 1110 can include
components, €.g., nodes, gateways, interfaces, servers, or disparate platforms, that
facilitate both packet-switched (PS) (e.g., internet protocol (IP), frame relay,
asynchronous transfer mode (ATM)) and circuit-switched (CS) traftic (e.g., voice and
data), as well as control generation for networked wireless telecommunication. As a
non-limiting example, wireless network plattorm 1110 can be included in
telecommunications carrier networks, and can be considered carrier-side components as
discussed elsewhere herein. Mobile network platform 1110 includes CS gateway node(s)
1112 which can interface CS traffic received from legacy networks like telephony
network(s) 1140 (e.g., public switched telephone network (PSTN), or public land mobile
network (PLMN)) or a signaling system #7 (SS7) network 1170. Circuit switched
gateway node(s) 1112 can authorize and authenticate tratfic (e.g., voice) arising from
such networks. Additionally, CS gateway node(s) 1112 can access mobility, or roaming,
data generated through SS7 network 1170; for instance, mobility data stored 1n a visited
location register (VLR), which can reside in memory 1130. Moreover, CS gateway
node(s) 1112 interfaces CS-based traffic and signaling and PS gateway node(s) 1118. As
an example, in a 3GPP UMTS network, CS gateway node(s) 1112 can be realized at least
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in part in gateway GPRS support node(s) (GGSN). It should be appreciated that
functionality and specific operation of CS gateway node(s) 1112, PS gateway node(s)
1118, and serving node(s) 1116, 1s provided and dictated by radio technology(ies) utilized
by mobile network platform 1110 for telecommunication.

[0081] In addition to receiving and processing CS-switched traffic and signaling,
PS gateway node(s) 1118 can authorize and authenticate PS-based data sessions with
scrved mobile deviees. Data scssions can includc traffic, or content(s), cxchanged with
nctworks cxternal to the wirclcess network platform 1110, ike widc arca nctwork(s)
(WANS) 1150, cnterprise nctwork(s) 1170, and scrvice nctwork(s) 1180, which can be
embodied 1n local arca network(s) (LANS), can also be interfaced with mobile network
plattorm 1110 through PS gateway node(s) 1118. It 1s to be noted that WANs 1150 and
enterprise network(s) 1160 can embody, at least 1n part, a service network(s) like IP
multimedia subsystem (IMS). Based on radio technology layer(s) available 1n technology
resource(s) 1117, packet-switched gateway node(s) 1118 can generate packet data
protocol contexts when a data session 1s established; other data structures that facilitate
routing of packetized data also can be generated. To that end, 1n an aspect, PS gateway
node(s) 1118 can include a tunnel interface (e.g., tunnel termination gateway (T TG) 1n
3GPP UMTS network(s) (not shown)) which can facilitate packetized communication
with disparate wireless network(s), such as Wi-Fi networks.

[0082] In embodiment 1100, wireless network platform 1110 also includes
serving node(s) 1116 that, based upon available radio technology layer(s) within
technology resource(s) 1117, convey the various packetized flows of data streams
received through PS gateway node(s) 1118. It is to be noted that for technology
resource(s) 1117 that rely primarily on CS communication, server node(s) can deliver
tratfic without reliance on PS gateway node(s) 1118; for example, server node(s) can
embody at least in part a mobile switching center. As an example, in a 3GPP UMTS
network, serving node(s) 1116 can be embodied in serving GPRS support node(s)
(SGSN).

[0083] For radio technologies that exploit packetized communication, server(s)
1114 m wireless network platform 1110 can execute numerous applications that can
generate multiple disparate packetized data streams or flows, and manage (e.g., schedule,

queue, format ...) such flows. Such application(s) can include add-on features to
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standard services (for example, provisioning, billing, customer support ...) provided by
wireless network platform 1110. Data streams (¢.g., content(s) that are part of a voice
call or data session) can be conveyed to PS gateway node(s) 1118 for
authorization/authentication and initiation of a data session, and to serving node(s) 1116
for communication thereafter. In addition to application server, server(s) 1114 can
include utility server(s), a utility server can include a provisioning server, an operations
and maintcnancc scrvcer, a sccurity scrver that can implement at Icast 1in part a certificate
authority and fircwalls as wcll as other sccurity mechanisms, and the like. In an aspcect,
sccurity scrver(s) sccure communication scrved through wircless nctwork platform 1110
to ensure network’s operation and data integrity in addition to authorization and
authentication procedures that CS gateway node(s) 1112 and PS gateway node(s) 1118
can enact. Moreover, provisioning server(s) can provision services from external
network(s) like networks operated by a disparate service provider; for instance, WAN
1150 or Global Positioning System (GPS) network(s) (not shown). Provisioning
server(s) can also provision coverage through networks associated to wireless network
plattorm 1110 (e.g., deployed and operated by the same service provider), such as femto-
cell network(s) (not shown) that enhance wireless service coverage within indoor
confined spaces and offload RAN resources 1n order to enhance subscriber service
experience within a home or business environment by way of UE 1175.

[0084] [t 1s to be noted that server(s) 1114 can include one or more processors
configured to confer at least in part the functionality of macro network platform 1110.
To that end, the one or more processor can execute code instructions stored in memory
1130, for example. It is should be appreciated that server(s) 1114 can include a content
manager 1115, which operates in substantially the same manner as described
heremnbefore.

[0085] In example embodiment 1100, memory 1130 can store information related
to operation of wireless network platform 1110. Other operational mformation can
include provisioning information of mobile devices served through wireless platform
network 1110, subscriber databases; application intelligence, pricing schemes, ¢.g.,
promotional rates, flat-rate programs, couponing campaigns; technical specification(s)
consistent with telecommunication protocols for operation of disparate radio, or wireless,

technology layers; and so forth. Memory 1130 can also store information from at least
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one of telephony network(s) 1140, WAN 1150, enterprise network(s) 1160, or SS7 network
1170. In an aspect, memory 1130 can be, for example, accessed as part of a data store
component or as a remotely connected memory store.

[0085a] Certain exemplary embodiments can provide n apparatus, comprising: a transmitter
configured to emit a focused transmission, wherein a wavelength of the transmission corresponds
to a millimeter-wave band, and wherein the focused transmission 1s directed to a focal plane of a
rcflector; and the reflector, positioned with respect to a wire, that rcflects from the focal planc the
focused transmission in a direction substantially parallel to the wire thereby resulting in a
retlected transmission, wherein the reflected transmission comprises a guided wave that 1s
ouided based on a surface of the wire.

[0085b] Other exemplary embodiments can provide an apparatus, comprising: a reflector,
positioned with respect to a wire, that reflects at a focal plane of the reflector an incoming
transmission away from the wire, wherein the incoming transmission comprises a guided wave
that 1s guided based on a surface of the wire that travels in a direction substantially parallel to the
wire; and a receiver that receives the incoming transmission, wherein a wavelength of the
Incoming transmission corresponds to a millimeter-wave band.

10085¢] Other exemplary embodiments can provide a method, comprising: emitting, by a
transmission device, a transmission towards a focal plane of a first side of a reflector that 1s near
a wire, wherein the transmission comprises a wavelength corresponding to a millimeter-wave
band; and reflecting, by a reflector, the transmisston 1n a direction substantially parallel to the
wire resulting 1n a reflected transmission, wherein the reflected transmission comprises a guided
wave on a surface of the wire.

[0085d] Other exemplary embodiments can provide an apparatus, comprising: a
transmitter that facilitates emitting a focused transmission, wherein a wavelength of the focused
transmission corresponds to a millimeter-wave band, and wherein the focused transmission is
directed to a tocal plane ot a retlector; and the reflector, positioned with respect to a transmission
medium, that facilitates reflecting from the focal plane the focused transmission thereby inducing

a guided wave bound to a surface of the transmission medium.
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[0085¢] Other exemplary embodiments can provide an apparatus, comprising: a retlector,
positioned with respect to a transmission medium, that facilitates reflecting a first component of
an incoming transmission away from the transmission medium while enabling a second
component of the incoming transmission to propagate through the reflector, wherein the
incoming transmission comprises a guided wave that 1s bound to a surface of the transmission
medium and that propagates in a direction substantially parallel to the transmission medium; and
a receiver that facilitates receiving the first component of the incoming transmission.

[00851] Other exemplary embodiments can provide a method, comprising: emitting, by a
transmission device, a transmission towards a focal plane of a first side of a retlector that 1s
coupled to a transmission medium; and reflecting, by the reflector, the transmission in a direction
substantially parallel to the transmission medium resulting in a reflected transmission, wherein
the reflected transmission comprises a guided wave on a surface of the transmission medium.
[0085¢] Other exemplary embodiments can provide an apparatus, comprising: a
transmitter that facilitates emitting a focused transmission, wherein the focused transmission 1s
directed to a focal plane of a reflector; the reflector, positioned with respect to a transmission
medium, facilitating reflecting from the focal plane the focused transmission thereby generating
a first guided wave bound to a surface of the transmission medium; and an antenna, coupled to
the transmission medium, that facilitates reception of the first guided wave from the transmission
medium and generation of a wireless signal based on the first guided wave.

[0085h] Other exemplary embodiments can provide an apparatus, comprising: a first
reflector, positioned with respect to a transmission medium, facilitating reflecting a first
component of an ncoming guided wave away from the transmission medium while enabling a
second component of the incoming guided wave to propagate through the first reflector, wherein
the guided wave 1s bound to a surface of the transmission medium and propagates 1n a direction
substantially parallel to the transmission medium; a receiver that facilitates receiving the first
component of the incoming guided wave; and an antenna, coupled to the transmission medium,
that facilitates reception of the second component of the incoming guided wave from the

transmission medium and generation of a wireless signal according to the second component of

the incoming guided wave.
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[00851] Other exemplary embodiments can provide a method, comprising: emitting, by a
transmission device, a transmission towards a focal plane of a side of a reflector that 1s coupled
to a transmission medium; reflecting, by the reflector, the transmission in a direction
substantially parallel to the transmission medium resulting in a reflected transmission. whercin
the reflected transmission comprises a first guided wave on a surface of the transmission
medium; and generating, by an antenna coupled to the transmission medium, a wireless signal
based on the first guided wave.

[0085j] Other exemplary embodiments can provide a method, comprising: emitting, by a
transmitter, a first focused transmission; and reflecting, by a reflector, the first focused
transmission from a focal plane of the reflector to induce a first guided wave bound to a surface
of a first transmission medium, wherein the first focused transmission 1s directed to the focal
plane of the retlector, and wherein the reflector 1s positioned with respect to the first transmission
medium to facilitate the reflecting of the first focused transmission to the surface of the first
transmission medium.

[0085K] Othcr exemplary embodiments can provide an apparatus, comprising: means for
emitting a focused transmission; and means for reflecting the focused transmission from a focal
plane of the means for reflecting to induce a guided wave bound to a surface of a transmission
medium, wherein the focused transmission is directed to the focal plane of the means for
reflecting, and wherein the means for reflecting 1s positioned with respect to the transmission
medium to facilitate the reflecting of the focused transmisston to the surface of the transmission
medium.

[0086] In order to provide a context for the various aspects of the disclosed subject
matter, FIG. 11, and the following discussion, are intended to provide a brief, general
description of a suitable environment 1n which the various aspects of the disclosed subject matter
can be implemented. While the subject matter has been described above in the general context
of computer-executable instructions of a computer program that runs on a computer and/or
computers, those skilled in the art will rccognize that the disclosed subject matter also can be
implemented in combination with other program modules. Generally, program modules include
routines, programs, components. data structures, e/c. that perform particular tasks and/or

implement particular abstract data types.
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[0087] In the subject specitfication, terms such as ““store,” data store,” data

storage,
storage,” “database,” and substantially any other information storage component relevant to
operation and functionality of a component, refer to “memory components,” or entitics cmbodicd
In a “memory’’ or components comprising the memory. It will be appreciated that the memory
components described herein can be either volatile memory or nonvolatile memory, or can
include both volatile and nonvolatile memory, by way of illustration, and not limtitation, volatile
memory, non-volatile memory, disk storage, and memory storage. Further, nonvolatile memory
can be included 1n read only memory (ROM), programmable ROM (PROM), electrically
programmable ROM (EPROM), electrically erasable ROM (EEPROM), or flash memory.
Volatile memory can include random access memory (RAM), which acts as external cache
memory. By way of illustration and not limitation, RAM 1s available in many forms such as
synchronous RAM (SRAM), dynamic RAM (DRAM), synchronous DRAM (SDRAM), double
data rate SDRAM (DDR SDRAM), enhanced SDRAM (ESDRAM), Synchlink DRAM
(SLDRAM), and dircct Rambus RAM (DRRAM). Additionally, the disclosed memory

components of systems or methods herein are intended to comprise. without being limited to
comprising, these and any other suitable types of memory.
Moreover, it will be noted that the disclosed subject matter can be practiced with other computer

system configurations, including single-processor or
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multiprocessor computer systems, mini-computing devices, mainframe computers, as
well as personal computers, hand-held computing devices (e.g., PDA, phone, watch,
tablet computers, netbook computers, ...), microprocessor-based or programmable
consumer or industrial electronics, and the like. The 1llustrated aspects can also be
practiced in distributed computing environments where tasks are performed by remote
processing devices that are linked through a communications network; however, some 1f
not all aspccts of the subjcct disclosurc can be practiced on stand-alonc computers. In a
distributcd computing cnvironment, program modulcs can be located 1in both local and
rcmotc memory storage devicces.

[0089] The embodiments described herein can employ artificial intelligence (Al)
to facilitate automating one or more features described herein. The embodiments (e.g., 1n
connection with automatically 1dentifying acquired cell sites that provide a maximum
value/benefit after addition to an existing communication network) can employ various
Al-based schemes for carrying out various embodiments thereof. Moreover, the
classifier can be employed to determine a ranking or priority of the cach cell site of the
acquired network. A classifier 1s a function that maps an input attribute vector, x = (x1,
x2, X3, x4, ..., xn), to a confidence that the input belongs to a class, that 1s, f(x) =
confidence(class). Such classification can employ a probabilistic and/or statistical-based
analysis (e.g., factoring into the analysis utilities and costs) to prognose or infer an action
that a user desires to be automatically performed. A support vector machine (SVM) 1s an
example of a classifier that can be employed. The SVM operates by finding a
hypersurtface 1n the space of possible inputs, which the hypersurface attempts to split the
triggering criteria from the non-triggering events. Intuitively, this makes the
classification correct for testing data that 1s near, but not identical to training data. Other
directed and undirected model classification approaches include, e.g., naive Bayes,
Bayesian networks, decision trees, neural networks, fuzzy logic models, and probabilistic
classification models providing different patterns of independence can be employed.
Classification as used herein also 1s inclusive of statistical regression that 1s utilized to
develop models of priority.

[0100] As will be readily appreciated, one or more of the embodiments can
employ classifiers that are explicitly trained (e.g., via a generic training data) as well as

implicitly trained (¢.g., via observing UE behavior, operator preferences, historical
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information, receiving extrinsic information). For example, SVMs can be configured via
a learning or training phase within a classifier constructor and feature selection module.
Thus, the classifier(s) can be used to automatically learn and perform a number of
functions, including but not limited to determining according to a predetermined criteria
which of the acquired cell sites will benefit a maximum number of subscribers and/or
which of the acquired cell sites will add minimum value to the existing communication
nctwork covcerage, ctc.

0101} As uscd 1n this application, 1n somc cmbodiments, the terms “componcent,”
“systcm’ and thc likc arc intended to refer to, or includce, a computer-related entity or an
entity related to an operational apparatus with one or more specific functionalities,
wherein the entity can be either hardware, a combination of hardware and software,
software, or software 1n execution. As an example, a component may be, but 1s not
limited to being, a process running on a processor, a processor, an object, an executable, a
thread of execution, computer-executable instructions, a program, and/or a computer. By
way of 1llustration and not limitation, both an application running on a server and the
server can be a component. One or more components may reside within a process and/or
thread of execution and a component may be localized on one computer and/or
distributed between two or more computers. In addition, these components can execute
from various computer readable media having various data structures stored thereon. The
components may communicate via local and/or remote processes such as 1n accordance
with a signal having one or more data packets (e.g., data from one component interacting
with another component 1n a local system, distributed system, and/or across a network
such as the Internet with other systems via the signal). As another example, a component
can be an apparatus with specific functionality provided by mechanical parts operated by
electric or electronic circuitry, which 1s operated by a software or firmware application
executed by a processor, wherein the processor can be internal or external to the
apparatus and executes at least a part of the software or firmware application. As yet
another example, a component can be an apparatus that provides specific functionality
through electronic components without mechanical parts, the electronic components can
include a processor therein to execute software or firmware that confers at least in part
the functionality of the electronic components. While various components have been

illustrated as separate components, i1t will be appreciated that multiple components can be
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implemented as a single component, or a single component can be implemented as
multiple components, without departing from example embodiments.

[0102] Further, the various embodiments can be implemented as a method,
apparatus or article of manufacture using standard programming and/or engineering
techniques to produce software, firmware, hardware or any combination thereof to
control a computer to implement the disclosed subject matter. The term “article of
manufacturc’” as uscd herein 1s intended to cncompass a computcer program acccessiblc
from any computcr-rcadablc device or computcr-rcadable storage/communications
mcdia. For cxamplc, computcr rcadable storage media can includc, but arc not limited to,
magnetic storage devices (¢.g., hard disk, floppy disk, magnetic strips), optical disks
(e.g., compact disk (CD), digital versatile disk (DVD)), smart cards, and flash memory
devices (e.g., card, stick, key drive). Of course, those skilled 1n the art will recognize
many modifications can be made to this configuration without departing from the scope
or spirit of the various embodiments.

[0103] In addition, the words “example” and “exemplary” are used herein to
mean serving as an instance or 1llustration. Any embodiment or design described herein
as “example” or “exemplary” 1s not necessarily to be construed as preferred or
advantageous over other embodiments or designs. Rather, use of the word example or
exemplary 1s intended to present concepts 1n a concrete fashion. As used 1n this
application, the term “‘or” 1s intended to mean an inclusive “‘or” rather than an exclusive
“or”’. That 1s, unless specified otherwise or clear from context, “X employs A or B” 1s
intended to mean any of the natural inclusive permutations. That 1s, 1if X employs A; X
employs B; or X employs both A and B, then “X employs A or B” 1s satisfied under any
of the foregoing instances. In addition, the articles “a” and “an” as used 1n this
application and the appended claims should generally be construed to mean “one or
more” unless specified otherwise or clear from context to be directed to a singular form.

2% <6

[0104] Moreover, terms such as “user equipment,” “mobile station,” “mobile,”

2% dc 2% Q¢

subscriber station,” “access terminal,” “terminal,” “handset,” “mobile device” (and/or
terms representing similar terminology) can refer to a wireless device utilized by a
subscriber or user of a wireless communication service to receive or convey data, control,

voice, video, sound, gaming or substantially any data-stream or signaling-stream. The

24



CA 02928355 2016-04-21

WO 2015/088630 PCT/US2014/061443

foregoing terms are utilized interchangeably herein and with reference to the related

drawings.

2% 66 2% 66 22 46

[0105] Furthermore, the terms “‘user,” “‘subscriber,” “‘customer,” “‘consumer’ and
the like are employed interchangeably throughout, unless context warrants particular
distinctions among the terms. It should be appreciated that such terms can refer to human
entities or automated components supported through artificial intelligence (¢.g., a
capacity to makc infcrence bascd, at Icast, on complcx mathematical formalisms), which
can providc stmulatcd vision, sound rccognition and so forth.

10106} As cmploycd hercin, the term “*proccssor” can rcfer to substantially any
computing processing unit or device comprising, but not limited to comprising, single-
core processors; single-processors with software multithread execution capability; multi-
core processors; multi-core processors with software multithread execution capability;
multi-core processors with hardware multithread technology; parallel platforms; and
parallel platforms with distributed shared memory. Additionally, a processor can refer to
an integrated circuit, an application specific integrated circuit (ASIC), a digital signal
processor (DSP), a field programmable gate array (FPGA), a programmable logic
controller (PLC), a complex programmable logic device (CPLD), a discrete gate or
transistor logic, discrete hardware components or any combination thereof designed to
perform the tfunctions described herein. Processors can exploit nano-scale architectures
such as, but not limited to, molecular and quantum-dot based transistors, switches and
gates, 1n order to optimize space usage or enhance performance of user equipment. A
processor can also be implemented as a combination of computing processing units.
[0107] As used herein, terms such as ““data storage,” data storage,” “database,”
and substantially any other information storage component relevant to operation and
functionality of a component, refer to “memory components,” or entities embodied 1n a
“memory’’ or components comprising the memory. It will be appreciated that the
memory components or computer-readable storage media, described herein can be either
volatile memory or nonvolatile memory or can include both volatile and nonvolatile
memory.

[0108] What has been described above includes mere examples of various

embodiments. It 1s, of course, not possible to describe every conceivable combination of

components or methodologies for purposes of describing these examples, but one of
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ordinary skill in the art can recognize that many further combinations and permutations
of the present embodiments are possible. Accordingly, the embodiments disclosed and/or
claimed herein are intended to embrace all such alterations, modifications and variations
that fall within the spirit and scope of the appended claims. Furthermore, to the extent
that the term “includes” 1s used 1n either the detailed description or the claims, such term
1S intended to be inclusive in a manner similar to the term “comprising” as “comprising’”

1s 1ntcrpreted when ecmployced as a transitional word 1n a claim.
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CLAIMS

What 1s claimed 1s:

1. An apparatus, comprising:
a transmitter configured to emit a focused transmission, wherein a wavelength of the

transmission corresponds to a millimeter-wave band, and wherein the focused transmission 1s

directed to a focal plane of a reflector; and

the retlector, positioned with respect to a wire, that reflects from the focal plane the
focused transmission in a direction substantially parallel to the wire thereby resulting in a

reflected transmission, wherein the reflected transmission comprises a guided wave that 1s

guided based on a surface ot the wire.

2. The apparatus of claim 1, wherein the transmission is a first transmission reflected in a

first direction, a side of the reflector reflects the first transmission and further comprising:
another transmitter that emits a second transmission directed towards another side of the

reflector, wherein the retlector reflects the second transmission substantially parallel to the wire

in a second direction substantially opposite to the first direction.

3. The apparatus of claim 1, wherein the reflector further reflects an incoming transmission
to a receiver, and the incoming transmission i1s another guided wave that 1s guided based on a

surtace of the wire.

4. The apparatus of claim 3, wherein the transmitter and the receiver are communicably

linked, and the transmission is a rcpeated transmission of the incoming transmission.

5. The apparatus of claim 3. wherein the reflector 1s polarized, and reflects to the receiver a

component of the guided wave that 1s polarized parallel to a polarization vector of the reflector.
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6. The apparatus of claim 1, wherein the wavelength of the transmission 1s smaller than a

circumterence ot the wire.

7. The apparatus of claim 6, wherein the guided wave comprises a plurality of surface-wave
modes.
8. The apparatus of claim 7, wherein a surface-wave mode of the plurality of surface-wave

modes 1s asymmetrical.

9. The apparatus of claim 1, wherein the wire passes through the retlector, and wherein an

outer surface of the wire 1s insulated.

10. The apparatus of claim 1, wherein the transmitter comprises a lens, and a focus of the

lens 1s at the focal plane of the reflector.

11, The apparatus of claim 10, wherein a focal plane of the lens 1s at an intersection area of

the wire and the retlector.

12. An apparatus, comprising:

a reflector, positioned with respect to a wire, that reflects at a focal plane of the reflector
an incoming transmission away from the wire, wherein the incoming transmission comprises a

outded wave that 1s guided based on a surface of the wire that travels 1n a direction substantially
parallel to the wire; and
a receiver that receives the incoming transmission, wherein a wavelength of the incoming

transmission corresponds to a millimeter-wave band.

13. The apparatus of claim 12, wherein the reflector 1s polarized, and reflects to the recerver a

mode of the guided wave that 1s polarized parallel to a polarization vector of the reflector.

28
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14.  The apparatus of claim 13, wherein another mode of the guided wave that 1s not polarized

parallel to the polarization vector of the reflector passes through the reflector.

15.  The apparatus of claim 12, further comprising:

a repeater that repeats the incoming transmission received by the recelver resulting in an

amplified transmission; and

a transmitter that transmits the amplified transmission to a second retlector that reflects
the amplified transmission in the direction substantially parallel to the wire in another direction
toward which the incoming transmission was travelling before being retlection, wherein the

amplified transmission comprises a guided wave on a surface of the wire.

16.  The apparatus of claim 15 wherein the reflector and the second reflector are two sides of

a reflecting device.

17.  The apparatus of claim 16, wherein the receiver and the transmitter are communicably

coupled and on substantially opposite sides of the reflecting device.

[3. The apparatus of claim 12, wherein the receiver comprises a lens, and a size of the focal

plane of the lens that intersects the retlector and the wire corresponds to a size of a mode of the

oulded wave.

19. A method, comprising:

emitting, by a transmission device, a transmission towards a focal plane ot a first side of a
reflector that 1s near a wire, wherein the transmission comprises a wavelength corresponding to a

millimeter-wave band: and

reflecting, by a reflector, the transmission in a direction substantially parallel] to the wire
resulting 1n a reflected transmission, wherein the reflected transmission comprises a gurded wave

on a surface of the wire.

29
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20. The method of claim 19, further comprising:

reflecting an incoming transmission away from the wire, wherein the incoming

transmission 1s another guided wave on the surface of the wire; and

receiving the incoming transmission at a receiver, wherein another wavelength of the

Incoming transmission corresponds to the millimeter-wave band.

21. An apparatus, comprising:

a transmitter that facilitates emitting a focused transmission, wherein a wavelength of the
focused transmission corresponds to a millimeter-wave band, and wherein the focused

transmission 1s directed to a focal plane of a retlector; and

the reflector, positioned with respect to a transmission medium, that facilitates retlecting

from the focal plane the focused transmission thereby inducing a guided wave bound to a surface

of the transmission medium.

22. The apparatus of claim 21, wherein the focused transmission 1s a first transmission

reflected in a first direction by a side of the reflector, and wherein the apparatus further

COMprises:

another transmitter that emits a second transmission directed towards another side of the
reflector, wherein the reflector facilitates reflecting the second transmission substantially parallel

to the transmission medium in a second direction substantially opposite to the first direction.

23.  'The apparatus of claim 21, wherein the retlector further tacilitates retlecting an incoming

transmission to a recetrver, and wherein the incoming transmission 18 another guided wave that 1s

bound to the surface of the transmission medium.

24 . The apparatus of claim 23, wherein the transmitter and the receiver are communicably

coupled to each other, and wherein the focused transmission is a repeated transmission of the

Incoming transmission.

Y]
-
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23. The apparatus of claim 23, wherein the reflector 1s polarized, and facilitates reflecting a
first component of the another guided wave to the receiver and enabling a second component of

the another guided wave to propagate through the reflector.

26. The apparatus of claim 21, wherein the wavelength of the focused transmission 1s smaller

than a circumterence of the transmission medium.

27.  The apparatus of claim 26, wherein the guided wave comprises symmetric surface-wave
mode.

28. The apparatus of claim 21, wherein the transmission medium comprises an insulated
conductor.

29. The apparatus of claim 21, wherein the transmission medium comprises an uninsulated
conductor.

30.  The apparatus of claim 21, wherein the transmitter comprises a lens, and wherein a focus

of the lens 1s directed to the focal plane of the reflector.

31. The apparatus of claim 30, wherein a focal plane of the lens is at an intersection area of

the transmission medium and the retlector.

32.  An apparatus, comprising:

a retlector, positioned with respect to a transmission medium, that facilitates reflecting a
first component of an incoming transmission away from the transmission medium while enabling
a second component of the incoming transmission to propagate through the retlector. wherein the
incoming transmission comprises a guided wave that i1s bound to a surface of the transmission
medium and that propagates in a direction substantially parallel to the transmission medium: and

a recerver that facilitates receiving the first component of the incoming transmission.

(L2
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33. The apparatus of claim 32, wherein the reflector is polarized to facilitate reflecting the
f[irst component of the incoming transmission and enabling the second component of the

Incoming transmission to propagate through the reflector.

34. The apparatus of claim 32, wherein the surface of the transmission medium comprises an
insulator.
35. The apparatus of claim 32, further comprising:

a repeater that facilitates repeating the first component of the incoming transmission
received by the recerver resulting in an amplified transmission; and

a transmitter that facilitates transmitting the amplified transmission to a second reflector
that facilitates reflecting the amplified transmission 1n the direction substantially parallel to the
transmission medium in another direction toward which the incoming transmission was
travelling before being reflection, wherein the amplified transmission comprises another guided

wave on the surface of the transmission medium.

36. The apparatus of claim 35 wherein the reflector and the second reflector are two sides of

a reflecting device.

37. The apparatus of claim 36, wherein the recerver and the transmitter are communicably

coupled to each other and on substantially opposite sides of the reflecting device.

38. The apparatus of claim 32, wherein the receiver comprises a lens, and a size of a focal
plane of the lens that intersects the reflector and the transmission medium corresponds to a size

of a mode of the guided wave.

‘ol
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39. A method, comprising:

emitting, by a transmission device, a transmission towards a focal plane of a first side of a

reflector that is coupled to a transmission medium; and
reflecting. by the reflector, the transmission 1n a direction substantially parallel to the

transmission medium resulting 1n a reflected transmission, wherein the retlected transmission

comprises a guided wave on a surface of the transmission medium.

40.  The method of claim 39, further comprising:
reflecting an incoming transmission away from the transmission medium, wherein the

Incoming transmission 1s another guided wave on the surface of the transmission medium; and

recelving the iIncoming transmission at a receiver.

41. An apparatus, comprising:

a transmitter that facilitates emitting a focused transmission, wherein the focused
transmission 1s dirccted to a focal planc of a rctlcctor;

the reflector, positioned with respect to a transmission medium, facilitating reflecting
from the focal plane the focused transmission thereby generating a first guided wave bound to a
surface of the transmission medium: and

an antenna, coupled to the transmission medium, that facilitates reception of the first

guided wave from the transmission medium and generation of a wireless signal based on the first

guided wave.

42.  'The apparatus of claim 41. wherein the focused transmission i1s a first transmission

reflected 1n a first direction by a side of the reflector, and wherein the apparatus further

COMprises:

another transmitter that emits a second transmission directed towards another side of the
reflector, wherein the reflector facilitates reflecting the second transmission substantially parallel

to the transmission medium in a second direction substantially opposite to the first direction.

(s
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43, T'he apparatus of claim 41, wherein the reflector further facilitates reflecting an incoming
transmission to a receiver, and the incoming transmission is a second guided wave that is bound

to the surtace of the transmission medium.

44.  The apparatus of claim 43, wherein the transmitter and the receiver are communicably

coupled to each other, and the focused transmission 1s a repeated transmission of the incoming

transmission.

45. The apparatus of claim 43, wherein the reflector is polarized, and facilitates reflecting a
first component of the first guided wave to the receiver and enabling a second component of the

first guided wave to propagate through the reflector.

46.  T'he apparatus of claim 41, wherein a wavelength of the focused transmission 1s smaller

than a circumterence of the transmission medium.

47.  The apparatus of claim 46, wherein the first guided wave comprises a symmetric surface-
wave mode.

48. The apparatus of claim 41, wherein the transmission medium comprises an insulated
conductor.

49, The apparatus of claim 41, wherein the transmission medium comprises an uninsulated
conductor.

50. T'he apparatus of claim 41, wherein the transmitter comprises a lens, and wherein a focus

of the lens 1s directed to the focal plane of the reflector.

51. T'he apparatus of claim 50, wherein a focal plane of the lens is at an intersection area of

the transmission medium and the reflector.
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52. An apparatus, comprising:

a first retlector, positioned with respect to a transmission medium, facilitating reflecting a
first component of an incoming guided wave away from the transmission medium while enabling
a second componcnt of the incoming guided wave to propagate through the first reflector,
wherein the guided wave 1s bound to a surface of the transmission medium and propagates in a
direction substantially parallel to the transmission medium;

a recerver that facilitates recetving the first component of the incoming guided wave; and

an antenna, coupled to the transmission medium, that facilitates reception of the second
component of the incoming guided wave from the transmission medium and generation of a

wireless signal according to the second component of the incoming guided wave.

53.  The apparatus of claim 52, wherein the first reflector is polarized to facilitate reflecting
the first component of the incoming guided wave and enabling the second component of the

incoming guided wave to propagate through the first reflector.

54.  The apparatus of claim 52, wherein the surface of the transmission medium comprises an
isulator.
55.  The apparatus of claim 52, further comprising:

a repeater that tacilitates repeating the incoming guided wave received by the receiver

resulting in an amplified transmission; and
a transmitter that facilitates transmitting the amplified transmission to a second reflector

that facilitates reflecting the amplified transmission in the direction substantially parallel to the

transmission medium, wherein the amplitied transmission comprises an outgoing guided wave

that propagates on the surface of the transmission medium.

S56. The apparatus of claim 55, wherein the first reflector and the second reflector are two

sides of a reflecting device.

(oI
e
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57.  'The apparatus of claim 56, wherein the receiver and the transmitter are communicably

coupled to each other and on substantially opposite sides of the reflecting device.

38.  Thc apparatus of claim 52, wherein the receiver comprises a lens, and a size of a focal
plane of the lens that intersects the first reflector and the transmission medium corresponds to a

size of a mode of the incoming guided wave.

>9. A method, comprising;

emitting, by a transmission device, a transmission towards a focal plane of a side of a
reflector that 1s coupled to a transmission medium;

reflecting, by the reflector, the transmission in a direction substantially parallel to the
transmission medium resulting in a reflected transmission, wherein the reflected transmission
comprises a first guided wave on a surface of the transmission medium; and

generating, by an antenna coupled to the transmission medium, a wireless signal bascd on

the first guided wave.

60.  The method of claim 59, further comprising:

reflecting an incoming transmission away from the transmission medium, wherein the
Incoming transmission comprises a second guided wave on the surface of the transmission
medium; and

receiving the incoming transmission at a receiver.

61. A method, comprising:

emitting, by a transmitter, a first focused transmission; and

reflecting, by a reflector, the first focused transmission from a focal plane of the reflector
to induce a first guided wave bound to a surface of a first transmission medium, whercin the first
focused transmission is dirccted to the focal plane of the reflector, and wherein the reflector is

positioned with respect to the first transmission medium to facilitate the reflecting of the first

focused transmission to the surface of the first transmission medium.
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62. The method of claim 61, wherein the first focused transmission 1s a first transmission

reflected i a first direction by a first side of the retlector, and wherein the method further

COMPI1ses:

emitting a second focused transmission directed towards a second side of the retlector:;

and

reflecting, by the reflector, the second focused transmission substantially parallel to a
second transmission medium 1n a second direction substantially opposite to the first direction to

induce a second guided wave bound to a surface of the second transmission medium.

03. The method of claim 61, turther comprising reflecting, by the reflector, an incoming
transmission to a receiver, wherein the incoming transmission comprises a second guided wave

that 1s bound to the surface of the first transmission medium.

64. T'he method of claim 63, wherein the first focused transmission is a repeated transmission

of the incoming transmission.

65. The method of claim 63, wherein the reflector 1s polarized, and wherein the reflector
facilitates reflecting a first component of the second guided wave to the receiver and enabling a

second component of the second guided wave to propagate through the reflector.

66.  The method of claim 61, wherein a wavelength of the first focused transmission is

smaller than a circumference of the first transmission medium.

67. T'he method of claim 66, wherein the first guided wave comprises a fundamental surface-

wave mode.

068.  The method of claim 61, wherein the first transmission medium comprises an insulated

conductor.
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69. The method of claim 61, wherein the first transmission medium comprises an uninsulated

conductor.

70. The method of claim 61, wherein the transmitter comprises a lens, and wherein a focus of

the lens 1s directed to the tocal plane of the reflector.

71. The method of claim 70, wherein the focal plane comprises at an intersection area of the

first transmission medium and the reflector.

72.  An apparatus, comprising:

means for emitting a focused transmission; and

means for reflecting the focused transmission from a focal plane of the means for
reflecting to induce a guided wave bound to a surface of a transmission medium, wherein the
focused transmission is directed to the focal plane of the means for reflecting, and wherein the
means for reflecting 1s positioned with respect to the transmission medium to facilitate the

reflecting of the focused transmission to the surface of the transmission medium.

73. An apparatus, comprising:

a tirst retlector, positioned with respect to a first transmission medium, that facilitates
reflecting from a focal plane of the first reflector a first component of a first guided wave bound
to a surface of the first transmission medium, wherein the first component of the first guided
wave 1s reflected away from the first transmission medium. and whercin the first component of
the first guided wave comprises a focused reflection; and

a recelver that facilitates receiving the focused reflection.

74. The apparatus of claim 73, wherein the first reflector i1s polarized to facilitate reflecting
the first component of the first guided wave and enabling a second component of the first guided

wave to propagate through the first reflector.
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75, The apparatus of claim 73, wherein the surface of the first transmission medium

comprises an insulator.

70. The apparatus of claim 73, further comprising:

an amplifier that facilitates amplitying the focused reflection received by the receiver
resulting in an amplified signal; and

a transmitter that tacilitates emitting a focused transmission according to the amplified
signal, wherein the focused transmission 1s directed to a second reflector that facilitates reflecting
the focused transmission to induce a second guided wave that propagates along a second

transmission medium.

77.  The apparatus of claim 76, wherein the first retflector comprises a first side of a reflecting

device, and wherein the second retlector comprises a second side of the reflecting device.

78. The apparatus of claim 76, wherein the focused transmission is a repeated transmission of

the first component of the first guided wave.

79.  The apparatus of claim 73, wherein the receiver comprises a lens.

80. T'he apparatus of claim 83, wherein the first transmission medium comprises an

uninsulated conductor.
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