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(57) ABSTRACT

WiF1i repeater devices described provided herein. An exam-
ple device includes an enclosure that is configured to be
mounted to a window that divides an outdoor area from an
indoor area. The enclosure houses a 5 GHz WiFi client radio
coupled with a high order MIMO (multiple input, multiple
output) antenna, the high order MIMO antenna transmitting
and receiving data from a 5 GHz access point located in the
outdoor area, and a 2.4 GHz WiFi access point radio
coupled with a MIMO (multiple input, multiple output)
antenna, the MIMO antenna transmitting and receiving
data from 2.4 GHz UEs located in the indoor area.
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WI-FI HOTSPOT REPEATER

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. Applica-
tion Serial No. 17/176,880, titled “Systems and Methods of
a Wi-Fi Repeater Device”, filed on Feb. 16, 2021, which is a
continuation of U.S. Application Serial No. 14/848.202,
titled “Wi-Fi HOTSPOT REPEATER”, filed on Sep. 8,
2015, now U.S. Pat. No. 10,958,332, issued on Mar. 23,
2021, which claims the priority benefit of U.S. Provisional
Pat. Application Serial No. 62/047,640, filed on Sep. 8§,
2014, titled “Wi-Fi HOTSPOT REPEATER”, all of which
are hereby incorporated by reference herein in their entirety,
including all references cited therein.

FIELD OF THE INVENTION

[0002] The present technology is generally related to a
wireless networking, and more specifically, but not by way
of limitation to a wireless repeater that is configured to be
positioned on a window. The wireless repeater provides an
access point/interface between outdoor hotspots that broad-
cast in 5 GHz frequency and indoor clients that use 2.4 GHz
frequency.

SUMMARY

[0003] According to some embodiments, the present tech-
nology is directed to a repeater device, comprising: (a) an
enclosure that is configured to be mounted to a window that
divides an outdoor area from an indoor area, the enclosure
housing: (b) a 5 GHz WikFi client radio coupled with a high
order MIMO (multiple input, multiple output) antenna, the
high order MIMO antenna transmitting and receiving data
from a 5 GHz access point located in the outdoor area; and
(¢) a2.4 GHz WiF1i access point radio coupled with a MIMO
(multiple input, multiple output) antenna, the MIMO
antenna transmitting and receiving data from 2.4 GHz UEs
located in the indoor area.

[0004] According to other embodiments, the present tech-
nology is directed to a repeater device, comprising: (a) an
enclosure that is configured to be mounted to a window that
divides an outdoor area from an indoor area, the enclosure
housing: (b) a first radio operating on a first frequency, the
radio coupled with a first antenna, the first antenna transmit-
ting and receiving data from an outdoor access point located
in the outdoor area; and (c¢) an access point radio coupled
with a second antenna, the second antenna transmitting to
and receiving data from UEs located in the indoor area
using a second frequency.

[0005] According to other embodiments, the present tech-
nology is directed to a repeater device, comprising: (a) an
enclosure that is configured to be mounted to a window that
divides an outdoor area from an indoor area, the enclosure
housing: (b) a first radio operating on a first frequency, the
radio coupled with a first antenna, the first antenna receiving
data from an outdoor access point located in the outdoor
area; (c) a microprocessor that converts the data from the
first frequency to a second frequency and data from the sec-
ond frequency to the first frequency; (d) an interface for
coupling with a wireless router, the wireless router transmit-
ting the converted data to UEs located in the indoor area
using the second frequency.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Certain embodiments of the present technology are
illustrated by the accompanying figures. It will be under-
stood that the figures are not necessarily to scale and that
details not necessary for an understanding of the technology
or that render other details difficult to perceive may be
omitted. It will be understood that the technology is not
necessarily limited to the particular embodiments illustrated
herein.

[0007] FIG. 1 is a perspective view of a repeater device of
the present technology, as well as an outdoor access point
and indoor UEs.

[0008] FIG. 2 is a side view of the repeater device of FIG.
1 mounted on a window.

[0009] FIG. 3 is a schematic diagram of an example repea-
ter device, constructed in accordance with the present
technology.

[0010] FIG. 4 is a schematic diagram of an example repea-
ter device that couples with an indoor wireless router.
[0011] FIG. 5 is a schematic diagram of another example
repeater device that couples with an indoor wireless router.

DETAILED DESCRIPTION

[0012] In the following description, for purposes of expla-
nation, numerous specific details are set forth in order to
provide a thorough understanding of the disclosure. It will
be apparent, however, to one skilled in the art, that the dis-
closure may be practiced without these specific details. In
other instances, structures and devices are shown at block
diagram form only in order to avoid obscuring the
disclosure.

[0013] In general, the present technology is directed to a
repeater device that functions as a communications gateway
between outdoor hotspots, which operate at 5 GHz, and
indoor UEs that utilize 2.4 GHz frequency for communica-
tion. Broadly, the present technology functions as a WiFi-to-
home network gateway.

[0014] This repeater device provides a communications
gateway that comprises a first radio that operates a first fre-
quency and a second radio that operates on a second fre-
quency. The repeater device includes a microprocessor that
is configured to receive and convert data packets having the
first frequency into the data packets having the second fre-
quency. The repeater device then transmits the converted
packets to 2.4 GHz UEs in an indoor area.

[0015] Broadly, the microprocessor is configured to con-
vert data packets from 5 GHz to 2.4 GHz and from 2.4 GHz
to 5 GHz as needed. For example, data packets received
from the 5 GHz WiFi hotspot are converted into 2.4 GHz
data packets that are transmitted to UEs in the indoor area.
[0016] Similarly, data packets received from the UEs in
2.4 GHz frequency are converted into 5 GHz data packets
that are transmitted to the 5 GHz WiFi hotspot. Again, the
5 GHz and 2.4 GHz frequencies are merely example fre-
quencies that can be used. The repeater device can be con-
figured to convert data packets between any two different
frequencies and facilitate transmission of the converted
data packets between outdoor hotspots and indoor UEs.
[0017] With increasing deployment of Metro Wi-Fi hot-
spots in outdoor settings, it is desirable to leverage that
infrastructure for indoor use. In the past, attempts to connect
from indoor clients to outdoor access points have been mar-
ginally successful. This lack of success is due, in part, to low
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power clients having low gain antennas that have difficulty
coupling with outdoor Wi-Fi hotspots. These connectivity
issues are compounded when the path between the indoor
client and the outdoor access point is obstructed. For exam-
ple, obstructions can cause a SNR (signal to noise) in the
wireless that is marginal, resulting in a slow transmission
speed and high latency due to excessive packet re-transmis-
sion. That is, when the SNR is marginal to low, packets
transmitted between the indoor clients and outdoor access
points are lost and must be re-transmitted.

[0018] Referring now to FIGS. 1-3 collectively, the pre-
sent technology, in one embodiment, comprises a window-
mounted Wi-Fi repeater 300 that is configured to leverage
outdoor hotspots for indoor use.

[0019] In one embodiment, the repeater 300 comprises a
5 GHz Wi-Fi client (e.g., node) radio 305, a microprocessor
310, memory 3185, a 2.4 GHz Wi-Fi access point radio 320,
power conditioning circuitry 325, a 4X4 MIMO (multiple
input, multiple output) antenna 335, and a 2X2 MIMO
antenna 340.

[0020] The 5 GHz Wi-Fi client radio 305 comprises a
directional antenna that is positioned toward the outside of
the window to pick-up the signal from the 5 GHz access
point. A high-order MIMO radio, such as the 4X4 MIMO
antenna 335 is desirable in the 5 GHz WiFi client radio 305,
as antenna beam-forming provided by a high order MIMO
radio allows the maximum gain to be steered in a direction
that is advantageous for the 5 GHz access point to which the
repeater 300 is coupled. The maximum gain point need not
be fixed necessarily normal to the window plane.

[0021] FIG. 2 illustrates antenna beam-forming relative to
a beam-forming plane that is normal N to the window 205.
The radiation of the antenna 335 can be translated upwardly
and/or downwardly (as well as side-to side) to direct the
antenna radiation as needed. In one instance, the 5 GHz
access point is not to be located in a direction that is per-
fectly linear to the repeater 300. For example, the 5 GHz
access point can be position above, below, and/or to the
side of the repeater 300. Beam-forming steers the antenna
radiation towards the 5 GHz access point so as to maximize
signal strength.

[0022] Data packets received by the 5 GHz WiF1i client
radio 305 are processed through a microprocessor 310, and
then relayed to a 2.4 GHz Wi-Fi access point radio 320.
[0023] With antenna gain toward the inside of the home or
office, the 2.4 GHz Wi-Fi access point radio 320 re-trans-
mits the data packets to wireless devices, such as 2.4 GHz
User Equipment (UE) that have 2.4 GHz client radios. In the
reverse direction, upstream packets from the 2.4 GHz UEs
are received by the 2.4 GHz Wi-Fi access point radio 320 of
the repeater, over the 2.4 GHz wireless link, processed
through the microprocessor 310, and re-transmitted to the
5 GHz access point over the 5 GHz wireless link.

[0024] Logic for converting the 5 GHz data packets to
2.4 GHz data packets, and vice-versa is stored in memory
315, as well as beam-forming logic. The microprocessor
310 executes the logic stored in memory 315 to accomplish
functions such as beam-forming and data packet conversion,
as needed.

[0025] In one embodiment, the repeater 300 is enclosed in
a plastic enclosure 302 that allows the 2.4 GHz signals
(2.4 GHz WiFi Access Point Antenna Pattern 210) and
5 GHz signals (5 GHz WiFi Client Radio Antenna Pattern
215) to reach the respective radios with minimal loss. It is
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mounted to a window using double-sided adhesive tape 220,
allowing it to be removed later, but providing adequate
strength for reliable attachment. Other suitable methods for
attaching the repeater 300 to a window or other portion of a
structure are also likewise contemplated for use in accor-
dance with the present technology.

[0026] In one embodiment, the window separates an out-
door area 225 from an indoor area 230. The 5 GHz access
point is position in the outdoor area and the 2.4 GHz UEs are
positioned in the indoor area. The 4X4 MIMO antenna 335
transmits and receives data from a 5 GHz access point
located in the outdoor area, while the 2X2 MIMO antenna
340 transmits and receives data from a 2.4 GHz UEs located
in the indoor area. In one embodiment, the repeater 300 is
positioned on the inside of the window within the indoor
area. For example, the 5 GHz access point is located in an
outside area such as a street lamp, an antenna tower, a build-
ing top or other common outdoor location/structure.

[0027] The 4X4 MIMO antenna 335 is disposed proxi-
mate an outdoor facing surface 304 of the enclosure of the
repeater 300. Also, the 2X2 MIMO antenna 340 is disposed
proximate an indoor facing surface 306 of the enclosure of
the repeater 300.

[0028] As illustrated in FIG. 3, the 5 GHz WiFi client
radio 305 transmits and receives data packets through an
outdoor oriented surface of the enclosure. The outdoor
oriented surface of the enclosure is positioned proximate
to and facing the window. The 2.4 GHz WiFi access point
radio 320 transmits and receives data packets through an
indoor oriented surface of the enclosure. The indoor
oriented surface is positioned opposite the outdoor oriented
surface.

[0029] A data cable such as CATSE is used to connect the
repeater 300 to a power-over-Ethernet wall adapter, such as
wall adapter 350, which adapts AC power to low-voltage
DC power to operate one or more radios. The data cable
coupling the repeater with the wall adapter can comprise a
PoE (power over Ethernet) cable. For context, PoE uses an
8-conductor cable that carries both power and Ethernet over
four twisted pairs.

[0030] The data cable from the repeater 300 could alterna-
tively be a simple two-conductor version and the wall adap-
ter can be a simple AC power converter such as those used
for other DC-powered devices. The repeater 300 can use the
power conditioning circuitry 325 to adapt the AC power to
DC power.

[0031] Referring now to FIG. 4, in one embodiment, the
repeater 300 can be communicatively coupled with a wire-
less router 380 that functions as an indoor access point for
2.4 GHz devices located indoors, such as in a home, office,
or other building. Thus, the repeater 300 may not require the
2.4 GHz Wi-Fi access point radio 320, but may use a
2.4 GHz Wi-Fi access point radio of the wireless router
380. The repeater 300 can couple with the wireless router
also using another data cable 385 that extends from the wall
adapter 350. In another embodiment, rather than using a
physical data cable 385, the repeater 300 can communicate
with the wireless router 380 using the 2.4 GHz Wi-Fi access
point radio 320 such that the repeater can be coupled with an
existing wireless router 380 in a building. The wireless rou-
ter 380 will then transmit and receive data from 2.4 GHz
UEs in the building.

[0032] In some embodiments, the repeater can couple with
a dual-band wireless router (e.g., both 2.4 GHz and 5 GHz).
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The distance between the repeater and the wireless router
allows a 5 GHz client and a 5 GHz access point to coexist,
without synchronization, provided they are on different
channels and far enough apart. This would not be feasible
when the client and access point are within the same enclo-
sure though.

[0033] In some embodiments, the repeater device 300
(and more specifically the microprocessor) can be config-
ured to provide firewall or other similar security features.
That is, the repeater device 300 provides the ability to create
a private network within the indoor area using the 2.4 GHz
Wi-Fi access point radio 320. Indeed, there may be numer-
ous 2.4 GHz UEs that are joined to the private network cre-
ated by the repeater device 300. Thus, the repeater device
300 employs network security features to prevent access to
the private network from other users that may be using the
5 GHz access point. Similarly, the repeater device 300 can
selectively prevent network traffic created on the private
network from being transmitted over the 5 GHz network
of the 5 GHz access point. Therefore, the repeater device
300 is advantageously capable of providing network address
translation functionality to bridge communications between
the 5 GHz network of the 5 GHz access point and the private
network created for the UEs.

[0034] FIG. 5 illustrates another embodiment of a repeater
system 300 where portions are divided between an enclo-
sure 302 and a wall adapter 350. For example, the enclosure
302 can include the microprocessor 310 and 5 GHz WiFi
Client Radio 305, as well as power conditioning circuitry
325 and memory 315. The 5 GHz Wi-Fi access point radio
320 and power over Ethernet adapter 355 are positioned in a
wall adapter 350. In some embodiments, the 5 GHz Wi-Fi
access point radio 320 can include a dual band radio that
utilizes both 2.4 GHz and 5 GHz frequencies.

[0035] The 5 GHz Wi-Fi access point radio 320 can there-
fore electrically and communicatively couple with the com-
ponents positioned within the enclosure 302, such as the
microprocessor 310 using a power over Ethernet cable
360, or other similar physical power and data connection
that would be known to one of ordinary skill in the art.
The wall adapter 350 that comprises the 5 GHz Wi-Fi access
point radio 320 and power over Ethernet adapter 355 can be
referred to as a PoE gateway.

[0036] According to some embodiments, the repeaters
described herein can be configured to reduce or eliminate
interference on 5 GHz channels. For example, the repeaters
can implement a PoE gateway as described above which
coordinates with the 5 GHz outdoor access point a roof of
a house, to coordinate 5 GHz channels so as to not cause
interference. For example, the microprocessor of the repea-
ter can be configured to pick a new channel when instructed
by the 5 GHz access point and dynamically maintaining this
function as the outdoor access point may change channels
over time.

[0037] This methodology is distinguished from clear
channel selection methods where an AP or other wireless
networking device will scan for an optimal clear channel
upon boot up or initialization and/or periodically.

[0038] In one embodiment, the 5 GHz WiFi Client Radio
305 receives data from the 5 GHz access point on a first
channel. The microprocessor 310 will utilize the first chan-
nel and instruct the 5 GHz Wi-Fi access point radio 320 to
utilize the first channel until instructed to change channels.
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[0039] According to some embodiments, the 5 GHz
access point may determine to select a new channel. For
example, if another outdoor access point or other wireless
AP in the area begins to utilize portions of the frequency
spectrum currently utilized by the 5 GHz outdoor access
point, the outdoor access point may selectively change the
portion of the spectrum that it utilizes by selecting a new or
updated channel.

[0040] The outdoor access point transmits a channel
change signal that is received by the repeater 300. The
repeater 300 receives the channel change signal using the
5 GHz WiFi Client Radio 305. The microprocessor 310
detects the channel change request and then transmits a
request to change of the first channel used by the first
radio (5 GHz WiFi Client Radio 305) and the 5 GHz Wi-
Fi access point radio 320 (also referred to as an access point
radio) to a second channel. The UEs communicating with
the 5 GHz Wi-Fi access point radio 320 will detect the chan-
nel change and adjust their communication procedures as
necessary. In sum, the channel change process includes pro-
pagation of a channel change request from the outdoor
access point to the window mounted repeater that includes
a 5 GHz WiFi Client Radio. The 5 GHz WiFi Client Radio
propagates the channel change request to a second 5 GHz
WiFi access point radio disposed in a wall adapter. The
channel change request is then propagated out to the UEs
that are communicatively coupled with the 5 GHz WiFi
access point radio.

[0041] To be sure, the 5 GHz WiFi Client Radio 305 can
be collocated in the same enclosure with the 5 GHz Wi-Fi
access point radio 320, such as in enclosure 302. In other
embodiments, the 5 GHz WiFi Client Radio 305 can be dis-
posed with the enclosure 302 while the 5 GHz Wi-Fi access
point radio 320 is disposed within the wall adapter 350.
[0042] In another example embodiment, the wall adapter
350 of FIG. 5 could comprise a 2.4 GHz Wi-Fi access point
radio, rather than a 5 GHz Wi-Fi access point radio 320. The
microprocessor 310 can be utilized to control the 2.4 GHz
Wi-Fi access point radio 320 as required.

[0043] In the following description, for purposes of expla-
nation and not limitation, specific details are set forth, such
as particular embodiments, procedures, techniques, etc. in
order to provide a thorough understanding of the present
invention. However, it will be apparent to one skilled in
the art that the present invention may be practiced in other
embodiments that depart from these specific details.

[0044] Reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure, or characteristic described in connection
with the embodiment is included in at least one embodiment
of the present invention. Thus, the appearances of the
phrases “in one embodiment” or “in an embodiment” or
“according to one embodiment” (or other phrases having
similar import) at various places throughout this specifica-
tion are not necessarily all referring to the same embodi-
ment. Furthermore, the particular features, structures, or
characteristics may be combined in any suitable manner in
one or more embodiments. Furthermore, depending on the
context of discussion herein, a singular term may include its
plural forms and a plural term may include its singular form.
Similarly, a hyphenated term (e.g., “on-demand”) may be
occasionally interchangeably used with its non-hyphenated
version (e.g., “on demand”), a capitalized entry (e.g., “Soft-
ware”’) may be interchangeably used with its non-capitalized
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version (e.g., “software”), a plural term may be indicated
with or without an apostrophe (e.g., PE’s or PEs), and an
italicized term (e.g., “N+1”) may be interchangeably used
with its non-italicized version (e.g., “N+1”). Such occa-
sional interchangeable uses shall not be considered incon-
sistent with each other.

[0045] Also, some embodiments may be described in
terms of “means for” performing a task or set of tasks. It
will be understood that a “means for” may be expressed
herein in terms of a structure, such as a processor, a memory,
an I/0 device such as a camera, or combinations thereof.
Alternatively, the “means for” may include an algorithm
that is descriptive of a function or method step, while in
yet other embodiments the “means for” is expressed in
terms of a mathematical formula, prose, or as a flow chart
or signal diagram.

[0046] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0047] Tt is noted at the outset that the terms “coupled,”
“connected”, “connecting,” “electrically connected,” etc.,
are used interchangeably herein to generally refer to the con-
dition of being electrically/electronically connected. Simi-
larly, a first entity is considered to be in “communication”
with a second entity (or entities) when the first entity elec-
trically sends and/or receives (whether through wireline or
wireless means) information signals (whether containing
data information or non-data/control information) to the sec-
ond entity regardless of the type (analog or digital) of those
signals. It is further noted that various figures (including
component diagrams) shown and discussed herein are for
illustrative purpose only, and are not drawn to scale.

[0048] While various embodiments have been described
above, it should be understood that they have been presented
by way of example only, and not limitation. The descriptions
are not intended to limit the scope of the invention to the
particular forms set forth herein. To the contrary, the present
descriptions are intended to cover such alternatives, modifi-
cations, and equivalents as may be included within the spirit
and scope of the invention as defined by the appended
claims and otherwise appreciated by one of ordinary skill
in the art. Thus, the breadth and scope of a preferred embo-
diment should not be limited by any of the above-described
exemplary embodiments.

What is claimed is:
1. A device, comprising:
amicroprocessor that controlsa 5 GHzradioanda2.4 GHz
radio, the microprocessor being configured to:
receive a channel change signal transmitted to the 5 GHz
radio by an outdoor access point;
request a change of a first channel used by the 5 GHz
radio and the 2.4 GHz radio to a second channel;
transmit a signal change signal to a 5 GHz User Equip-
ment (UE) informing the 5 GHz UE of the change to
the second channel;
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convert 5 GHz data received by the 5 GHz radio into
2.4 GHz data; and

convert 2.4 GHz datareceived by the 2.4 GHz radio into
5 GHz data.

2. The device according to claim 1, further comprising an
enclosure that is configured to be mounted to a window that
divides an outdoor area from an indoor area, the enclosure
having the microprocessor, the 5 GHz radio, and the
2.4 GHz radio disposed therein.

3. The device according to claim 1, wherein the 5 GHz radio
is coupled with a high order MIMO (multiple input, multiple
output) antenna, the high order MIMO antenna transmitting
and receiving data from the outdoor access point.

4. The device according to claim 3, wherein the micropro-
cessor is configured to implement beam-forming to direct
radiation of the high order MIMO antenna in a direction that
is parallel and relative to a beam-forming plane that is normal
N to a window onto which the device is installed.

5. The device according to claim 4, wherein the micropro-
cessor can adjust the beam-forming so as to achieve maxi-
mum gain for radiation produced by the high order MIMO
antenna to be steered in a direction that is advantageous for
communicating with the outdoor access point.

6. The device according to claim 3, wherein the high order
MIMO antenna is disposed proximate a window and a second
antenna associated with 2.4 GHz radio is disposed away from
the window.

7. The device according to claim 1, wherein the 2.4 GHz
radio is coupled with a MIMO (multiple input, multiple out-
put) antenna, the MIMO antenna transmitting and receiving
data from a 2.4 GHz UE located in an indoor area.

8. The device according to claim 1, further comprising a
data cable coupled to a wall adapter providing power over
Ethernet.

9. The device according to claim 1, wherein the micropro-
cessor s configured to implement firewall policies to secure a
private network.

10. The device according to claim 1, further comprising a
wireless interface that is disposed within a wall adapter that
can electrically couple with an electrical outlet.

11. The device according to claim 10, wherein the wall
adapter comprises a power over Ethernet adapter that electri-
cally and communicatively couples the wireless interface
with the microprocessor and high order MIMO antenna
using a power over Ethernet connection.

12. A method comprising:

receiving, by a microprocessor, a channel change signal

transmitted to a 5 GHz radio by an outdoor access point;
requesting a change of a first channel used by the 5 GHz
radio and the 2.4 GHz radio to a second channel;
transmitting a signal change signal to a 5 GHz User Equip-
ment (UE) informing the 5 GHz UE of the change to the
second channel;
converting 5 GHz data received by the 5 GHz radio into
2.4 GHz data; and
converting 2.4 GHz data received by the 2.4 GHzradio into
5 GHz data.

13. The method according to claim 12, further comprising
providing an enclosure that is configured to be mounted to a
window that divides an outdoor area from an indoor area, the
enclosure having the microprocessor, a 5 GHz radio, and a
2.4 GHz radio disposed therein.

14. The method according to claim 12, further comprising
transmitting and receiving data from the outdoor access point
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using the 5 GHz radio that is coupled with ahigh order MIMO
(multiple input, multiple output) antenna.

15. The method according to claim 14, further comprising
beam-forming to direct radiation of the high order MIMO
antenna in a direction that is parallel and relative to a beam-
forming plane that is normal N to a window.

16. The method according to claim 15, further comprising
adjusting the beam-forming so as to achieve maximum gain
for radiation produced by the high order MIMO antenna to be
steered in a direction that is advantageous for communicating
with the outdoor access point.

17. The method according to claim 16, further comprising
transmitting and receiving data froma 2.4 GHz UE located in
an indoor area using the 2.4 GHz radio, wherein the 2.4 GHz
radio is coupled with a MIMO (multiple input, multiple out-
put) antenna.

18. The method according to claim 12, further comprising
implementing firewall policies to secure a private network.

19. A method comprising:
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receiving a channel change signal from a first radio, the
channel change signal being transmitted by an outdoor
access point;

requesting a change of a first channel used by the first radio
and a second radio to a second channel;

transmitting a signal change signal to a User Equipment
(UE) informing the UE of the change to the second chan-
nel; and

transmitting converted data to the UE located in an indoor
area using a second frequency.

20. The method according to claim 19, wherein the con-

verted data is created by:

converting 5 GHz data received by the first radio into

2.4 GHz data; and

converting 2.4 GHz data received by the second radio into
5 GHz data.
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