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(57) ABSTRACT

Disclosed herein are methods and systems for using out-of-
band spectrum for shared spectrum registration and
increased link reliability and capacity. A method for cus-
tomer premise equipment (CPE) attachment and registration
in a shared spectrum system includes attaching, by the CPE
to a shared spectrum access point, using an out-of-band
spectrum, where the out-of-band spectrum is out-of-band
with respect to a shared spectrum of the shared spectrum
system, registering, by the CPE with a spectrum access
system, using the out-of-band spectrum upon successful
attachment with the shared spectrum access point, and
communicating, by the CPE, using at least the shared
spectrum upon successful registration with the spectrum
access system.
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SYSTEMS AND METHODS FOR USING
OUT-OF-BAND SPECTRUM FOR SHARED
SPECTRUM REGISTRATION AND
INCREASED LINK RELIABILITY AND
CAPACITY

TECHNICAL FIELD

[0001] This disclosure relates to wireless communica-
tions. More specifically, this disclosure relates to shared
spectrum registration and increased link reliability and

capacity.
BACKGROUND

[0002] Wireless telecommunications or radio access tech-
nologies (RATs) generally use licensed radio frequency
spectrum for communications between mobile devices and
wireless telecommunications networks. Licensed spectrum
and unlicensed spectrum may be used for third generation
(3G) and fourth generation (4G) wireless communications.
[0003] Citizens Broadband Radio Service (CBRS) spec-
trum is a type of shared spectrum, license-by-rule spectrum,
or lightly licensed spectrum which is shared between mul-
tiple entities including government users (such as the mili-
tary), licensed users, and non-licensed users. For example,
shared spectrum may be used for fixed wireless access
networks. CBRS is a multi-tiered wireless band between
3.550 MHz and 3.700 MHz. In particular, CBRS is a
three-tiered access framework including incumbent users
(i.e., federal, military, and the like), priority access users
(winning auction bidders), and general authorized access
users, where the general users are permitted to use any
portion of the CBRS spectrum not assigned to a higher tier
user and may also operate opportunistically on unused
priority access spectrum. Availability of CBRS spectrum
dynamically changes depending on use by higher priority
entities. Higher tier users are protected from lower tier users
using a centralized spectrum access system (SAS), which
may be a federal or commercial entity.

[0004] The SAS authorizes or grants spectrum to access
points known as CBRS Devices (CBSDs) and performs
interference management to protect higher tier users. Typi-
cally, a shared spectrum access point registers with the SAS
and receives a spectrum grant. Devices may then attach to
the registered access points. Once the device is attached to
the registered access point, the device then registers with the
SAS. However, the device is limited to an initial transmis-
sion power level which may not be sufficient for attachment.

SUMMARY

[0005] Disclosed herein are methods and systems for
using out-of-band spectrum for shared spectrum registration
and increased link reliability and capacity. In an implemen-
tation, a method for customer premise equipment (CPE)
attachment and registration in a shared spectrum system
includes attaching, by the CPE to a shared spectrum access
point, using an out-of-band spectrum, where the out-of-band
spectrum is out-of-band with respect to a shared spectrum of
the shared spectrum system, registering, by the CPE with a
spectrum access system, using the out-of-band spectrum
upon successful attachment with the shared spectrum access
point, and communicating, by the CPE, using at least the
shared spectrum upon successful registration with the spec-
trum access system. In an implementation, the method
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further includes maintaining, by the CPE, communications
using the out-of-band spectrum. In an implementation, the
method further includes aggregating, by the CPE, shared
spectrum data and out-of-band spectrum data to increase
link reliability, capacity, and throughput.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The disclosure is best understood from the follow-
ing detailed description when read in conjunction with the
accompanying drawings. It is emphasized that, according to
common practice, the various features of the drawings are
not to scale. On the contrary, the dimensions of the various
features are arbitrarily expanded or reduced for clarity.
[0007] FIG. 1 is a diagram of an example of a wireless
network such as a citizens broadband radio service (CBRS)
network with a customer premises equipment (CPE) in
accordance with embodiments of this disclosure.

[0008] FIG. 2 is a block diagram of an example of a device
in accordance with embodiments of this disclosure.

[0009] FIG. 3 is a block diagram of an example of another
device in accordance with embodiments of this disclosure.
[0010] FIG. 4 is a block diagram of an example of a
spectrum access server or system (SAS) in accordance with
embodiments of this disclosure.

[0011] FIG. 5 is a flow diagram of an example of out-of-
band attachment and registration in accordance with
embodiments of this disclosure.

[0012] FIG. 6 is a flow diagram of an example of out-of-
band attachment and registration and increased link reliabil-
ity and capacity in accordance with embodiments of this
disclosure.

[0013] FIG. 7 is a flowchart of an example method for
out-of-band attachment and registration and increased link
reliability and capacity in accordance with embodiments of
this disclosure.

[0014] FIG. 8 is a flowchart of an example method for
out-of-band attachment and registration and increased link
reliability and capacity in accordance with embodiments of
this disclosure.

[0015] FIG. 9 is a flowchart of an example method for
out-of-band attachment and registration and increased link
reliability and capacity in accordance with embodiments of
this disclosure.

[0016] FIG. 10 is a flow diagram of typical attachment and
registration.

DETAILED DESCRIPTION
[0017] Reference will now be made in greater detail to

embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible,
the same reference numerals will be used throughout the
drawings and the description to refer to the same or like
parts.

[0018] As used herein, the terminology “computer” or
“computing device” includes any unit, or combination of
units, capable of performing any method, or any portion or
portions thereof, disclosed herein. For example, the “com-
puter” or “computing device” may include at least one or
more processor(s).

[0019] As used herein, the terminology “processor” indi-
cates one or more processors, such as one or more special
purpose processors, one or more digital signal processors,
one or more microprocessors, one or more controllers, one
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or more microcontrollers, one or more application proces-
sors, one or more central processing units (CPU)s, one or
more graphics processing units (GPU)s, one or more digital
signal processors (DSP)s, one or more application specific
integrated circuits (ASIC)s, one or more application specific
standard products, one or more field programmable gate
arrays, any other type or combination of integrated circuits,
one or more state machines, or any combination thereof.
[0020] As used herein, the terminology “memory” indi-
cates any computer-usable or computer-readable medium or
device that can tangibly contain, store, communicate, or
transport any signal or information that may be used by or
in connection with any processor. For example, a memory
may be one or more read-only memories (ROM), one or
more random access memories (RAM), one or more regis-
ters, low power double data rate (LPDDR) memories, one or
more cache memories, one or more semiconductor memory
devices, one or more magnetic media, one or more optical
media, one or more magneto-optical media, or any combi-
nation thereof.

[0021] As used herein, the terminology “instructions” may
include directions or expressions for performing any
method, or any portion or portions thereof, disclosed herein,
and may be realized in hardware, software, or any combi-
nation thereof. For example, instructions may be imple-
mented as information, such as a computer program, stored
in memory that may be executed by a processor to perform
any of the respective methods, algorithms, aspects, or com-
binations thereof, as described herein. Instructions, or a
portion thereof, may be implemented as a special purpose
processor, or circuitry, that may include specialized hard-
ware for carrying out any of the methods, algorithms,
aspects, or combinations thereof, as described herein. In
some implementations, portions of the instructions may be
distributed across multiple processors on a single device, on
multiple devices, which may communicate directly or across
a network such as a local area network, a wide area network,
the Internet, or a combination thereof.

[0022] As used herein, the term “application” refers gen-
erally to a unit of executable software that implements or
performs one or more functions, tasks or activities. For
example, applications may perform one or more functions
including, but not limited to, telephony, web browsers,
e-commerce transactions, media players, travel scheduling
and management, smart home management, entertainment,
and the like. The unit of executable software generally runs
in a predetermined environment and/or a processor.

[0023] As used herein, the terminology “determine” and
“identify,” or any variations thereof includes selecting,
ascertaining, computing, looking up, receiving, determining,
establishing, obtaining, or otherwise identifying or deter-
mining in any manner whatsoever using one or more of the
devices and methods are shown and described herein.
[0024] As used herein, the terminology “example,” “the
embodiment,” “implementation,” “aspect,” “feature,” or
“element” indicates serving as an example, instance, or
illustration. Unless expressly indicated, any example,
embodiment, implementation, aspect, feature, or element is
independent of each other example, embodiment, imple-
mentation, aspect, feature, or element and may be used in
combination with any other example, embodiment, imple-
mentation, aspect, feature, or element.

[0025] As used herein, the terminology “or” is intended to
mean an inclusive “or” rather than an exclusive “or.” That is
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unless specified otherwise, or clear from context, “X
includes A or B” is intended to indicate any of the natural
inclusive permutations. That is if X includes A; X includes
B; or X includes both A and B, then “X includes A or B” is
satisfied under any of the foregoing instances. In addition,
the articles “a” and “an” as used in this application and the
appended claims should generally be construed to mean
“one or more” unless specified otherwise or clear from the
context to be directed to a singular form.

[0026] Further, for simplicity of explanation, although the
figures and descriptions herein may include sequences or
series of steps or stages, elements of the methods disclosed
herein may occur in various orders or concurrently. Addi-
tionally, elements of the methods disclosed herein may occur
with other elements not explicitly presented and described
herein. Furthermore, not all elements of the methods
described herein may be required to implement a method in
accordance with this disclosure. Although aspects, features,
and elements are described herein in particular combina-
tions, each aspect, feature, or element may be used inde-
pendently or in various combinations with or without other
aspects, features, and elements.

[0027] Further, the figures and descriptions provided
herein may be simplified to illustrate aspects of the
described embodiments that are relevant for a clear under-
standing of the herein disclosed processes, machines, manu-
factures, and/or compositions of matter, while eliminating
for the purpose of clarity other aspects that may be found in
typical similar devices, systems, compositions and methods.
Those of ordinary skill may thus recognize that other
elements and/or steps may be desirable or necessary to
implement the devices, systems, compositions and methods
described herein. However, because such elements and steps
are well known in the art, and because they do not facilitate
a better understanding of the disclosed embodiments, a
discussion of such elements and steps may not be provided
herein. However, the present disclosure is deemed to inher-
ently include all such elements, variations, and modifica-
tions to the described aspects that would be known to those
of ordinary skill in the pertinent art in light of the discussion
herein.

[0028] FIG. 10 is a flow diagram of a customer premises
equipment (CPE) attachment and registration in a Citizens
Broadband Radio Service (CBRS) system without use of the
systems, devices, and methods described herein with respect
to FIGS. 1-9. In the CBRS system, CPE’s are treated as
category A or B CBRS devices (CBSDs), both of which have
to register with a spectrum access system (SAS). Shared
spectrum access points (APs) known as CBSDs in CBRS
systems also have to register with the SAS. Initially, the AP
registers with the SAS and is assigned a frequency. The CPE
then attempts to attach to the registered AP. The CPE has to
use an initial transmission power or Equivalent Isotropically
Radiated Power (EIRP) to attach to the registered AP. As
shown in Table 1, the initial transmission power for the CPE
(treated as an end user device) in this case, is 23 dBm/10
MHz. Once the CPE has attached to the registered AP, the
CPE then registers with the SAS and once registered, can
operate at higher transmission powers as shown in Table 1.
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TABLE 1
Maximum EIRP
DEVICE (dBm/10 MHz)
End User Device 23
Category A CBSD 30
Category B CBSD 47

[0029] Problematically, the initial transmission power
used in the method shown in FIG. 10 may be too low for
successful attachment to registered APs. Consequently, this
results in CPEs not being able to attach to a registered AP
even though the CPE is in the AP’s coverage area. This is
especially a problem in rural areas where the APs are not
effectively able to provide sufficient coverage area due to the
initial transmission power level requirements.

[0030] Disclosed herein are methods and systems for
using out-of-band (OOB) spectrum for shared spectrum
registration and increased link reliability and capacity. In an
implementation, the shared, licensed-by-rule, or lightly
licensed spectrum (where “shared” is used herein for illus-
trative and description purposes as appropriate) may be, for
example, a Citizens Broadband Radio Service (CBRS) spec-
trum, which is controlled by a spectrum access system or
server (SAS). The low initial transmission power limitations
or restrictions may be addressed by using OOB spectrum to
attach to a shared spectrum access point which is registered
with the SAS, where the OOB spectrum is out-of-band with
respect to the shared spectrum of a shared spectrum system.
In an implementation, the OOB spectrum allows use of
greater transmission power than that allowed by the shared
spectrum. In an implementation, the OOB spectrum is not
transmission power limited for the initial attachment pro-
cess.

[0031] In an implementation, a CPE may use OOB spec-
trum for the attachment procedure with a registered shared
spectrum access point. In an implementation, the OOB
spectrum may be Industrial, Scientific, and Medical (ISM)
spectrum. In an implementation, the OOB spectrum may be
Television White Space (TVWS) spectrum. In an implemen-
tation, the OOB spectrum may be licensed spectrum. In an
implementation, the OOB spectrum may be another shared,
licensed-by-rule, or lightly licensed spectrum. In an imple-
mentation, the OOB spectrum is out-of-band with respect to
a shared, licensed-by-rule, or lightly licensed spectrum of a
shared, licensed-by-rule, or lightly licensed spectrum sys-
tem. After successful attachment with the registered shared
spectrum access point, the CPE registers with the SAS as a
registered device type using the OOB spectrum. After suc-
cessful registration with the SAS, the CPE may transmit
using the higher transmit power levels associated with the
registered device type.

[0032] In an implementation, a CPE which has success-
fully attached with a registered shared spectrum access point
and successfully registered with a SAS may aggregate OOB
spectrum data with shared spectrum data to increase link
reliability and capacity. In an implementation, a router or a
switch may be used to implement data aggregation. In an
implementation, the data aggregation may be done at the
Transmission Control Protocol (TCP) layer. In an imple-
mentation, carrier aggregation may be used for data aggre-
gation if the OOB spectrum is a Long-Term Evolution (LTE)
spectrum.
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[0033] FIG. 1 is a diagram of an example architecture
1000 for using out-of-band (OOB) spectrum 1300 for shared
spectrum registration and increased link reliability and
capacity. In an implementation, the architecture 1000 may
include a wireless network such as a citizens broadband
radio service (CBRS) network 1100, where the CBRS net-
work 1100 is an example or type of shared, licensed-by-rule,
or lightly licensed spectrum system. The CBRS network
1100 may provide wireless coverage on a CBRS spectrum
using one or more CBSDs 1110, 1120, and 1130. The
number of CBSDs is illustrative and the CBRS network
1100 may include more or less CBSDs. The architecture
1000 may include a SAS 1200 which is connected to or in
communication (collectively “in communication with”) with
each of the CBSDs 1110, 1120, and 1130. A customer
premises equipment (CPE) 1400 may be in communication
with one or more of the CBSDs 1100, 1110, and 1120.
[0034] The communications between particular CBSDs
1100, 1110, and 1120, the SAS 1200, and the CPE 1300 may
include wired communications, wireless communications,
or a combination thereof, as appropriate. In an implemen-
tation, the architecture 1000 may execute the techniques
described in FIGS. 5-9. The architecture 1000 is illustrative
and may include additional, fewer or different devices,
entities and the like which may be similarly or differently
architected without departing from the scope of the speci-
fication and claims herein. Moreover, the illustrated devices
may perform other functions without departing from the
scope of the specification and claims herein.

[0035] The CBSDs 1110, 1120, and 1130 are a type of
radio concentration station which may include shared spec-
trum access points, base stations, eNodeBs, and the like,
which enables radio communications access between, for
example, the CPE 1400 to other devices. CBSD is used
herein for purposes of illustration and description. Each
CBSD 1110, 1120, and 1130 may be authorized and granted
spectrum allocation by the SAS 1200. Each CBSD 1110,
1120, and 1130 may have one or more sectors which provide
wireless communications coverage. The CBSDs 1110, 1120,
and 1130 may be provisioned for operation with the CBRS
network 1100 and the OOB spectrum 1300. In an imple-
mentation, the CBSDs 1110, 1120, and 1130 may be provi-
sioned for data aggregation operation using the CBRS
spectrum and the OOB spectrum 1300.

[0036] The SAS 1200 enables access to the CBRS spec-
trum and dynamically manages the spectrum for optimal
use, efficiency, and compliance with CBRS rules. The SAS
1200 communicates with each CBSD for registration, grant
allocation/deallocation and interference management. The
SAS 1200 communicates with each CPE for registration.
[0037] The OOB spectrum 1300 may be another shared
spectrum, unlicensed spectrum, ISM spectrum, TVWS spec-
trum, and/or licensed spectrum. In general, and as used in
the description herein, the OOB spectrum 1300 refers to
spectrum which is out-of-band with respect to a shared
spectrum of the shared spectrum system for which the CPE
1400 is attempting to attach and register with or gain access
to.

[0038] The CPE 1400 may be, but is not limited to, end
user devices, telephones, routers, network switches, gate-
ways, set-top boxes, fixed mobile convergence products,
home networking adapters and Internet access gateways that
enable customers to access a service provider’s services and
distribute them in a residence, enterprise, office, or like
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infrastructure. In an implementation, the CPE 1400 may be
equipment located at a customer’s premises and connected
with a service provider’s telecommunication equipment.
The CPE 1400 may be provisioned for operation with the
CBRS network 1100 and the OOB spectrum 1300. In an
implementation, the CPE 1400 may be provisioned for data
aggregation operation with the CBRS spectrum and the
OOB spectrum 1300.

[0039] FIG. 2 is a block diagram of an example of a device
2000 in accordance with embodiments of this disclosure.
The device 2000 may include, but is not limited to, a
processor 2100, a communication interface 2200, a memory/
storage 2300, applications 2400, a radio frequency device 1
2500, and a radio frequency device 2 2600. The device 2000
may include or implement, for example, the CPE 1400 and
the CBSDs 1110, 1120, and 1130. The applicable or appro-
priate techniques or methods as described with respect to
FIGS. 5-9 may be stored in the memory/storage 2300 and
executed by the processor 2100 in cooperation with the
memory/storage 2300, the communications interface 2200,
the applications 2400, the radio frequency device 1 2500,
and the radio frequency device 2 2600 as appropriate. In an
implementation, the radio frequency device 1 2500 may be
provisioned for operation with the shared spectrum such as
the CBRS spectrum or the like as operated by a service
provider, and the radio frequency device 2 2600 may be
provisioned for operation with the OOB spectrum 1300. In
an implementation, the number of radio frequency devices is
illustrative and may include more than two radio frequency
devices. In an implementation, the radio frequency device 2
2600 and/or other radio frequency devices may be provi-
sioned for operation with any combination of access tech-
nologies, channels, bandwidths, frequencies, and the like
that may be used for the OOB spectrum 1300. The device
2000 may include other elements which may be desirable or
necessary to implement the devices, systems, compositions
and methods described herein. However, because such ele-
ments and steps are well known in the art, and because they
do not facilitate a better understanding of the disclosed
embodiments, a discussion of such elements and steps may
not be provided herein.

[0040] FIG. 3 is a block diagram of an example of a device
3000 in accordance with embodiments of this disclosure.
The device 3000 may include, but is not limited to, a
processor 3100, a communication interface 3200, a memory/
storage 3300, applications 3400, a radio frequency device 1
3500, a radio frequency device 2 3600, and an aggregation
device 3700. The device 3000 may include or implement, for
example, the CPE 1400 and the CBSDs 1110, 1120, and
1130. The applicable or appropriate techniques or methods
as described with respect to FIGS. 5-9 may be stored in the
memory/storage 3300 and executed by the processor 3100 in
cooperation with the memory/storage 3300, the communi-
cations interface 3200, the applications 3400, the radio
frequency device 1 3500, the radio frequency device 2 3600,
and the aggregation device 3700 as appropriate. In an
implementation, the radio frequency device 1 3500 may be
provisioned for operation with the shared spectrum such as
the CBRS spectrum or the like as operated by a service
provider, and the radio frequency device 2 3600 may be
provisioned for operation with the OOB spectrum 1300. In
an implementation, the number of radio frequency devices is
illustrative and may include more than two radio frequency
devices. In an implementation, the radio frequency device 2
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3600 and/or other radio frequency devices may be provi-
sioned for operation with any combination of access tech-
nologies, channels, bandwidths, frequencies, and the like
that may be used for the OOB spectrum 1300. In an
implementation, the aggregation device 3700 may be used to
increase link reliability by aggregating data available via the
CBRS spectrum and data available via the OOB spectrum
1300. The aggregation device 3700 may be a switch, a
router, or like device. The device 3000 may include other
elements which may be desirable or necessary to implement
the devices, systems, compositions and methods described
herein. However, because such elements and steps are well
known in the art, and because they do not facilitate a better
understanding of the disclosed embodiments, a discussion of
such elements and steps may not be provided herein.

[0041] FIG. 4 is a block diagram of an example of a device
4000 in accordance with embodiments of this disclosure.
The device 4000 may include, but is not limited to, a
processor 4100, a memory/storage 4200, a communication
interface 4300, and applications 4400. The device 4000 may
include or implement, for example, the SAS 1200. In an
implementation, the memory/storage 4200 may store an
interference map, spectrum allocations, and other informa-
tion. The applicable or appropriate techniques or methods
described with respect to FIGS. 5-9 may be stored in the
memory/storage 4200 and executed by the processor 4100 in
cooperation with the memory/storage 4200, the communi-
cations interface 4300, and the applications 4400 as appro-
priate. The device 4000 may include other elements which
may be desirable or necessary to implement the devices,
systems, compositions and methods described herein. How-
ever, because such elements and steps are well known in the
art, and because they do not facilitate a better understanding
of the disclosed embodiments, a discussion of such elements
and steps may not be provided herein.

[0042] Operationally with respect to FIGS. 1-4, and as
described in detail herein below, the SAS 1200 may grant
CBRS spectrum to each activated CBSD, such as the CBSDs
1110, 1120, and 1130. The CBSDs 1110, 1120, and 1130 may
in turn establish the wireless coverage of CBRS network
1100 using a first radio device, for example. A CPE 1400
may attempt to attach to one of the CBSDs 1110, 1120, and
1130 using the OOB spectrum 1300 and a second radio
device, for example. Upon a successtul attachment with one
of'the CBSDs 1110, 1120, and 1130, the CPE 1400 may then
attempt to register with the SAS 1200 as a CBSD device
using the OOB spectrum 1300. In an implementation, reg-
istration using the OOB spectrum 1300 can be done via one
of the CBSDs 1110, 1120, and 1130. In an implementation,
registration using the OOB spectrum 1300 can be done via
a device which operates on the OOB spectrum or frequency.
In an implementation, the device may or may not be
collocated with one of the CBSDs 1110, 1120, and 1130.
Upon a successful registration with the SAS 1200, the CPE
1400 may then transmit at transmit power levels determined
by type of CBSD device. In an implementation, the CPE
1400 may communicate on both the CBRS spectrum and the
OOB spectrum 1300 to increase link reliability and capacity.
In an implementation, a data aggregator, for example, may
be used to aggregate the two data streams. In an implemen-
tation, if the OOB spectrum is a LTE spectrum, carrier
aggregation techniques may be used to aggregate the two
data streams.
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[0043] FIG. 5 is a flow diagram 5000 of an example of
CPE attachment and registration in accordance with embodi-
ments of this disclosure. The flow diagram 5000 describes
communications and events with respect to a SAS 5100, a
CBSD 5200, and a CPE 5300. Initially, the CBSD 5200 may
attempt to register with the SAS 1200 after the CBSD 5200
powers up (5400). The CPE 5300 may initiate an attach to
the CBSD 5200 using an OOB spectrum or frequency
(5500). If attachment with the CBSD 5200 is successful, the
CPE 5300 may attempt to register with the SAS 5100 using
the OOB spectrum or frequency (5600) via the CBSD 5200.
In an implementation, registration using the OOB spectrum
or frequency can be done via a device which operates on the
OOB spectrum or frequency. In an implementation, the
device may or may not be collocated with the CBSD 5200.
The CPE 5300 may register as one of multiple shared
spectrum device types, where each shared spectrum device
type may have a defined transmit power level. If the regis-
tration is successful, the CPE 5300 may then transmit,
communicate, and/or operate in accordance with the regis-
tered shared spectrum device type (5700). For example, in
an implementation, the CPE 5300 transmits at EIRP accord-
ing to Federal Communications Commission (FCC) part 96
rules.

[0044] FIG. 6 is a flow diagram 6000 of an example of
CPE attachment and registration and increased link reliabil-
ity and capacity in accordance with embodiments of this
disclosure. The flow diagram 6000 describes communica-
tions and events with respect to a SAS 6100, a CBSD 6200,
and a CPE 6300. Initially, the CBSD 6200 may attempt to
register with the SAS 1200 after the CBSD 6200 powers up
(6400). The CPE 6300 may initiate an attach to the CBSD
6200 using an OOB spectrum or frequency (6500). If
attachment with the CBSD 6200 is successful, the CPE 6300
may attempt to register with the SAS 6100 using the OOB
spectrum or frequency (6600). In an implementation, regis-
tration using the OOB spectrum can be done via the CBSD
6200. In an implementation, registration using the OOB
spectrum can be done via a device which operates on the
OOB spectrum or frequency. In an implementation, the
device may or may not be collocated with the CBSD 6200.
The CPE 6300 may register as one of multiple shared
spectrum device types, where each shared spectrum device
type may have a defined transmit power level. If the regis-
tration is successful, the CPE 6300 may then transmit,
communicate, and/or operate in accordance with the regis-
tered shared spectrum device type (6700). For example, in
an implementation, the CPE 6300 transmits at EIRP accord-
ing to Federal Communications Commission (FCC) part 96
rules. The CPE 6300 may continue transmitting, communi-
cating, and/operating on the OOB spectrum to increase link
reliability and capacity by using data aggregation techniques
as described herein (6800).

[0045] FIG. 7 is a flowchart of an example method 7000
for CPE attachment and registration and increased link
reliability and capacity in accordance with embodiments of
this disclosure. The method 7000 includes: registering 7100
a CBSD; attaching 7200 a CPE to the CBSD using OOB
spectrum; determining 7300 if attachment is successful;
registering 7400 CPE with SAS if successful attachment;
determining 7500 if registration is successful; communicat-
ing 7600 by the CPE on increased transmit power levels if
successful registration; and when applicable and/or appro-
priate, aggregating 7700 shared spectrum data with OOB
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spectrum data to increase link reliability, capacity, and/or
throughput. For example, the technique 7000 may be imple-
mented, as applicable and appropriate, by CBSDs 1110,
1120, and 1130, the SAS 1200, the processor 2100, the
processor 3100, the processor 4100, and the CPE 1400.

[0046] The method 7000 includes registering 7100 a
CBSD. In shared spectrum systems, such as CBRS systems,
the CBSD registers with a SAS to receive a spectrum
allocation or grant. The CBSD establishes its wireless cov-
erage once it receives the shared spectrum allocation.

[0047] The method 7000 includes attaching 7200 a CPE to
the CBSD using OOB spectrum. A CPE initially attaches
with the registered CBSD using an OOB spectrum to gain
access to the shared spectrum. In an implementation, the
OOB spectrum may be IMS spectrum, TVWS spectrum,
licensed spectrum, unlicensed spectrum, another shared
spectrum, and/or the like and as described herein. In an
implementation, the CBSD and the CPE may include at least
two radio frequency devices. One radio frequency device for
operation with the shared spectrum and another radio fre-
quency device for operation with the OOB spectrum.

[0048] The method 7000 includes determining 7300 if
attachment is successful. If attachment with the CBSD is not
successful, then the CPE may try again, try with a different
CBSD, or stop.

[0049] The method 7000 includes registering 7400 the
CPE with SAS if successful attachment. The CPE attempts
to register with the SAS as a certain type of shared spectrum
device using the OOB spectrum, where different types of
shared spectrum devices have different operating character-
istics or specifications including transmit power levels, for
example. In an implementation, registration using the OOB
spectrum can be done via the CBSD. In an implementation,
registration using the OOB spectrum can be done via a
device which operates on the OOB spectrum. In an imple-
mentation, the device may or may not be collocated with the
CBSD.

[0050] The method 7000 includes determining 7500 if
registration is successful. If registration with the SAS is not
successful, then the CPE may try again, try attachment with
a different CBSD and then try SAS registration again, or
stop.

[0051] The method 7000 includes communicating 7600 by
the CPE on increased transmit power levels if successful
registration. The CPE transmits, operates, and/or communi-
cates at a defined transmit power level associated with the
shared spectrum device type after successful SAS registra-
tion, where the defined transmit power level is greater than
a transmit power level associated with pre-SAS registration.

[0052] The method 7000 includes when applicable and/or
appropriate, aggregating 7700 shared spectrum data with
OOB spectrum data to increase link reliability, capacity,
and/or throughput. The end user device may continue to
transmit, operate, and/or communicate on the OOB spec-
trum in addition to the shared spectrum. In this instance, data
aggregation techniques may be used to combine shared
spectrum data and OOB spectrum data to increase link
reliability and throughput. In an implementation, the CBSD
and the CPE may include a data aggregation device to
aggregate the data. In an implementation, the data aggrega-
tion device may be a router, switch, and/or the like. In an
implementation, carrier aggregation may be used to aggre-
gate the data if the OOB spectrum is a LTE spectrum.
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[0053] FIG. 8 is a flowchart of an example method 8000
for CPE attachment and registration and increased link
reliability and capacity in accordance with embodiments of
this disclosure. The method 8000 includes: registering 8100
a CBSD; attaching 8200 CPE to CBSD using shared spec-
trum; determining 8300 if attachment is successful; attach-
ing 8400 the CPE to CBSD using OOB spectrum if attach-
ment is unsuccessful; determining 8500 if attachment is
successful; registering 8600 the CPE with SAS if successful
attachment; determining 8700 if registration is successful;
communicating 8800 by the CPE on increased transmit
power levels if successful registration; and when applicable
and/or appropriate, aggregating 8900 shared spectrum data
with OOB spectrum data to increase link reliability, capac-
ity, and/or throughput. For example, the technique 8000 may
be implemented, as applicable and appropriate, by CBSDs
1110, 1120, and 1130, the SAS 1200, the processor 2100, the
processor 3100, the processor 4100, and the CPE 1400.
[0054] The method 8000 includes registering 8100 a
CBSD. In shared spectrum systems, such as CBRS systems,
the CBSD registers with a SAS to receive a spectrum
allocation or grant. The CBSD establishes its wireless cov-
erage once it receives the shared spectrum allocation.
[0055] The method 8000 includes attaching 8200 a CPE to
the CBSD using a shared spectrum. An initial attachment
attempt may use the shared spectrum for attachment.
[0056] The method 8000 includes determining 8300 if
attachment is successful. If attachment with the CBSD is
successful, then the CPE attempts to register with the SAS.
[0057] The method 8000 includes attaching 8400 the CPE
to the CBSD using an OOB spectrum if shared spectrum
attachment fails. A CPE attaches with the registered CBSD
using an OOB spectrum to gain access to the shared spec-
trum. In an implementation, the OOB spectrum may be IMS
spectrum, TVWS spectrum, licensed spectrum, unlicensed
spectrum, another shared spectrum, and/or the like and as
described herein. In an implementation, the CBSD and the
CPE may include at least two radio frequency devices. One
radio frequency device for operation with the shared spec-
trum and another radio frequency device for operation with
the OOB spectrum.

[0058] The method 8000 includes determining 8500 if
attachment is successful. If attachment with the CBSD is not
successful, then the CPE may try again, try with a different
CBSD, or stop.

[0059] The method 8000 includes registering 8600 the
CPE with the SAS if successful attachment. The CPE
attempts to register with the SAS as a certain type of shared
spectrum device using the OOB spectrum, where different
types of shared spectrum devices have different operating
characteristics or specifications including transmit power
levels, for example. In an implementation, registration using
the OOB spectrum can be done via the CBSD. In an
implementation, registration using the OOB spectrum can be
done via a device which operates on the OOB spectrum. In
an implementation, the device may or may not be collocated
with the CBSD.

[0060] The method 8000 includes determining 8700 if
registration is successful. If registration with the SAS is not
successful, then the CPE may try again, try attachment with
a different CBSD and then try SAS registration again, or
stop.

[0061] The method 8000 includes communicating 8800 by
the CPE on increased transmit power levels if successful
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registration. The CPE transmits, operates, and/or communi-
cates at a defined transmit power level associated with the
shared spectrum device type after successful SAS registra-
tion, where the defined transmit power level is greater than
a transmit power level associated with pre-SAS registration.
[0062] The method 8000 includes when applicable and/or
appropriate, aggregating 8900 shared spectrum data with
OOB spectrum data to increase link reliability, capacity, and
throughput. The CPE may continue to transmit, operate,
and/or communicate on the OOB spectrum in addition to the
shared spectrum. In this instance, data aggregation tech-
niques may be used to combine shared spectrum data and
OOB spectrum data to increase link reliability and through-
put. In an implementation, the CBSD and the CPE may
include a data aggregation device to aggregate the data. In
an implementation, the data aggregation device may be a
router, switch, and/or the like. In an implementation, carrier
aggregation may be used to aggregate the data if the OOB
spectrum is a LTE spectrum.

[0063] FIG. 9 is a flowchart of an example method 9000
for CPE attachment and registration and increased link
reliability and capacity in accordance with embodiments of
this disclosure. The method 9000 includes: attaching 9100
CPE to a CBSD; registering 9200 the CPE with a SAS if
successful attachment; communicating 9300 by the CPE on
increased transmit power levels if successful registration;
and when applicable and/or appropriate, aggregating 9400
shared spectrum data with OOB spectrum data to increase
link reliability, capacity, and/or throughput. For example, the
technique 9000 may be implemented, as applicable and
appropriate, by CBSDs 1110, 1120, and 1130, the SAS 1200,
the processor 2100, the processor 3100, the processor 4100,
and the CPE 1400.

[0064] The method 9000 includes attaching 9100 a CPE to
a CBSD. The attaching 9100 may include registering a
CBSD with a SAS. In shared spectrum systems, such as
CBRS systems, the CBSD registers with a SAS to receive a
spectrum allocation or grant. The CBSD establishes its
wireless coverage once it receives the shared spectrum
allocation. A CPE attaches with the registered CBSD to gain
access to the shared spectrum. In an implementation, the
CPE may make an initial attempt using the shared spectrum
for CBSD attachment. If the initial attempt fails, the CPE
may then use an OOB spectrum. In an implementation, the
OOB spectrum may be IMS spectrum, TVWS spectrum,
licensed spectrum, unlicensed spectrum, other shared spec-
trum, and the like as described herein. In an implementation,
the CBSD and the CPE may include at least two radio
frequency devices. One radio frequency device for operation
with the shared spectrum and another radio frequency device
for operation with the OOB spectrum. If attachment with the
CBSD is not successful, then the end user may try again, try
with a different AP, or stop.

[0065] The method 9000 includes registering 9200 the
CPE with a SAS if successtul attachment. The CPE attempts
to register with the SAS as a certain type of shared spectrum
device using the OOB spectrum if applicable, where differ-
ent types of shared spectrum devices have different operat-
ing characteristics or specifications including transmit
power levels, for example. If registration with the SAS is not
successful, then the CPE may try again, try attachment with
a different CBSD and then try SAS registration again, or
stop. In an implementation, registration using the OOB
spectrum can be done via the CBSD. In an implementation,
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registration using the OOB spectrum can be done via a
device which operates on the OOB spectrum. In an imple-
mentation, the device may or may not be collocated with the
CBSD.

[0066] The method 9000 includes communicating 9300 by
the CPE on increased transmit power levels if successful
registration. The CPE transmits, operates, and/or communi-
cates at a defined transmit power level associated with the
shared spectrum device type after successful SAS registra-
tion, where the defined transmit power level is greater than
a transmit power level associated with pre-SAS registration.
[0067] The method 9000 includes when applicable and/or
appropriate, aggregating 9400 shared spectrum data with
OOB spectrum data to increase link reliability, capacity, and
throughput. The CPE may continue to transmit, operate,
and/or communicate on the OOB spectrum in addition to the
shared spectrum. In this instance, data aggregation tech-
niques may be used to combine shared spectrum data and
OOB spectrum data to increase link reliability, capacity,
and/or throughput. In an implementation, the CBSD and the
CPE may include a data aggregation device to aggregate the
data. In an implementation, the data aggregation device may
be a router, switch, and/or the like. In an implementation,
carrier aggregation may be used to aggregate the data if the
OOB spectrum is a LTE spectrum.

[0068] In general, a method for customer premise equip-
ment (CPE) attachment and registration in a shared spectrum
system includes attaching, by the CPE to a shared spectrum
access point, using an out-of-band spectrum, where the
out-of-band spectrum is out-of-band with respect to a shared
spectrum of the shared spectrum system, registering, by the
CPE with a spectrum access system, using the out-of-band
spectrum upon successful attachment with the shared spec-
trum access point, and communicating, by the CPE, using at
least the shared spectrum upon successful registration with
the spectrum access system. In an implementation, the
method further includes maintaining, by the CPE, commu-
nications using the out-of-band spectrum. In an implemen-
tation, the method further includes aggregating, by the CPE,
shared spectrum data and out-of-band spectrum data to
increase link reliability, capacity, and throughput. In an
implementation, a post-registration transmit power level is
higher than a pre-registration transmit power level with
respect to the shared spectrum. In an implementation, the
CPE registers as a shared spectrum device type and each
shared spectrum device type has a same pre-registration
transmit power level and a different post-registration trans-
mit power level. In an implementation, the out-of-band
spectrum is one of Industrial, Scientific, and Medical (ISM)
spectrum, Television White Space (TVWS) spectrum, a
licensed spectrum, an unlicensed spectrum, and a different
shared spectrum. In an implementation, the method further
includes initially attaching, by the CPE to the shared spec-
trum access point, using the shared spectrum, and using, by
the CPE, the out-of-band spectrum upon unsuccessful
attachment to the shared spectrum access point.

[0069] In general, a customer premise equipment (CPE)
includes a radio configured to operate on a shared spectrum
of a shared spectrum system, at least one alternative radio
configured to operate on an out-of-band spectrum, wherein
the out-of-band spectrum is out-of-band with respect to the
shared spectrum of the shared spectrum system, and a
processor connected to the radio and the at least one alter-
native radio. The processor configured to initiate attachment
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with a shared spectrum access point over the out-of-band
spectrum using the at least one alternative radio, register
with a spectrum access system over the out-of-band spec-
trum using the at least one alternative radio upon successful
attachment with the shared spectrum access point, and
communicate over at least the shared spectrum using the first
radio upon successful registration with the spectrum access
system. In an implementation, the processor further config-
ured to maintain communications over the out-of-band spec-
trum using the at least one alternative radio. In an imple-
mentation, the processor further configured to aggregate
shared spectrum data and out-of-band spectrum data to
increase link reliability, capacity, and throughput. In an
implementation, the CPE further including a data aggrega-
tion device configured to aggregate the shared spectrum data
and the out-of-band spectrum data. In an implementation,
the data aggregation device is one of a switch or a router. In
an implementation, the CPE registers as a shared spectrum
device type and each shared spectrum device type has a
same pre-registration transmit power level and a different
post-registration transmit power level. In an implementa-
tion, the out-of-band spectrum is one of Industrial, Scien-
tific, and Medical (ISM) spectrum, Television White Space
(TVWS) spectrum, a licensed spectrum, an unlicensed spec-
trum, and a different shared spectrum. In an implementation,
the processor further configured to initially attach to the
shared spectrum access point over the shared spectrum using
the radio and use the out-of-band spectrum and the at least
one alternative radio upon unsuccessful attachment to the
shared spectrum access point.

[0070] In general, a system for customer premise equip-
ment (CPE) attachment and registration in a shared spectrum
system including a shared spectrum access point including a
radio configured to operate on a shared spectrum of a shared
spectrum system and at least one alternative radio config-
ured to operate on an out-of-band spectrum, where the
out-of-band spectrum is out-of-band with respect to the
shared spectrum of the shared spectrum system, and a CPE
including a radio configured to operate on the shared spec-
trum of the shared spectrum system, at least one alternative
radio configured to operate on the out-of-band spectrum, and
aprocessor connected to the radio of the CPE and the at least
one alternative radio of the CPE. The processor configured
to initiate attachment with the shared spectrum access point
over the out-of-band spectrum using the at least one alter-
native radio of the CPE and the at least one alternative radio
of'the shared spectrum access point, register with a spectrum
access system upon successful attachment with the shared
spectrum access point over the out-of-band spectrum using
the at least one alternative radio of the CPE and the at least
one alternative radio of the shared spectrum access point,
and communicate over at least the shared spectrum upon
successful registration with the spectrum access system
using the radio of the CPE and the radio of the shared
spectrum access point. In an implementation, the processor
further configured to maintain, by the CPE, communications
using the out-of-band spectrum. In an implementation, the
CPE further including a data aggregation device configured
to aggregate the shared spectrum data and the out-of-band
spectrum data, and the shared spectrum access point further
including a data aggregation device configured to aggregate
the shared spectrum data and the out-of-band spectrum data.
In an implementation, a post-registration transmit power
level is higher than a pre-registration transmit power level
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with respect to the shared spectrum, and where the CPE
registers as a shared spectrum device type and each shared
spectrum device type has a same pre-registration transmit
power level and a different post-registration transmit power
level. In an implementation, the out-of-band spectrum is one
of Industrial, Scientific, and Medical (ISM) spectrum, Tele-
vision White Space (TVWS) spectrum, a licensed spectrum,
an unlicensed spectrum, and a different shared spectrum.
[0071] Although some embodiments herein refer to meth-
ods, it will be appreciated by one skilled in the art that they
may also be embodied as a system or computer program
product. Accordingly, aspects of the present invention may
take the form of an entirely hardware embodiment, an
entirely software embodiment (including firmware, resident
software, micro-code, etc.) or an embodiment combining
software and hardware aspects that may all generally be
referred to herein as a “processor,” “device,” or “system.”
Furthermore, aspects of the present invention may take the
form of a computer program product embodied in one or
more the computer readable mediums having the computer
readable program code embodied thereon. Any combination
of one or more computer readable mediums may be utilized.
The computer readable medium may be a computer readable
signal medium or a computer readable storage medium. A
computer readable storage medium may be, for example, but
not limited to, an electronic, magnetic, optical, electromag-
netic, infrared, or semiconductor system, apparatus, or
device, or any suitable combination of the foregoing. More
specific examples (a non-exhaustive list) of the computer-
readable storage medium include the following: an electrical
connection having one or more wires, a portable computer
diskette, a hard disk, a random access memory (RAM), a
read-only memory (ROM), an erasable programmable read-
only memory (EPROM or Flash memory), an optical fiber,
a portable compact disc read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, or any
suitable combination of the foregoing. In the context of this
document, a computer-readable storage medium may be any
tangible medium that can contain, or store a program for use
by or in connection with an instruction execution system,
apparatus, or device.

[0072] A computer readable signal medium may include a
propagated data signal with computer readable program
code embodied therein, for example, in baseband or as part
of a carrier wave. Such a propagated signal may take any of
a variety of forms, including, but not limited to, electromag-
netic, optical, or any suitable combination thereof. A com-
puter readable signal medium may be any computer readable
medium that is not a computer readable storage medium and
that can communicate, propagate, or transport a program for
use by or in connection with an instruction execution
system, apparatus, or device.

[0073] Program code embodied on a computer readable
medium may be transmitted using any appropriate medium,
including but not limited to CDs, DVDs, wireless, wireline,
optical fiber cable, RF, etc., or any suitable combination of
the foregoing.

[0074] Computer program code for carrying out opera-
tions for aspects of the present invention may be written in
any combination of one or more programming languages,
including an object-oriented programming language such as
Java, Smalltalk, C++ or the like and conventional procedural
programming languages, such as the “C” programming
language or similar programming languages. The program
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code may execute entirely on the user’s computer, partly on
the user’s computer, as a stand-alone software package,
partly on the user’s computer and partly on a remote
computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the
user’s computer through any type of network, including a
local area network (LAN) or a wide area network (WAN), or
the connection may be made to an external computer (for
example, through the Internet using an Internet Service
Provider).

[0075] Aspects of the present invention are described
herein with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems) and computer
program products according to embodiments of the inven-
tion. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer program instructions.
[0076] These computer program instructions may be pro-
vided to a processor of a general purpose computer, special
purpose computer, or other programmable data processing
apparatus to produce a machine, such that the instructions,
which execute via the processor of the computer or other
programmable data processing apparatus, create means for
implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks. These computer
program instructions may also be stored in a computer
readable medium that can direct a computer, other program-
mable data processing apparatus, or other devices to func-
tion in a particular manner, such that the instructions stored
in the computer readable medium produce an article of
manufacture including instructions which implement the
function/act specified in the flowchart and/or block diagram
block or blocks.

[0077] The computer program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other devices to cause a series of opera-
tional steps to be performed on the computer, other pro-
grammable apparatus or other devices to produce a
computer implemented process such that the instructions
which execute on the computer or other programmable
apparatus provide processes for implementing the functions/
acts specified in the flowchart and/or block diagram block or
blocks.

[0078] The flowcharts and block diagrams in the figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods, and com-
puter program products according to various embodiments
of the present invention. In this regard, each block in the
flowchart or block diagrams may represent a module, seg-
ment, or portion of code, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). It should also be noted that, in some alter-
native implementations, the functions noted in the block
may occur out of the order noted in the figures.

[0079] While the disclosure has been described in con-
nection with certain embodiments, it is to be understood that
the disclosure is not to be limited to the disclosed embodi-
ments but, on the contrary, is intended to cover various
modifications, combinations, and equivalent arrangements
included within the scope of the appended claims, which
scope is to be accorded the broadest interpretation so as to
encompass all such modifications and equivalent structures
as is permitted under the law.
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1. A method for end user device attachment and registra-
tion in a shared spectrum system, the method comprising:
attaching, by the end user device to a shared spectrum
access point, using an out-of-band spectrum, wherein
the out-of-band spectrum is out-of-band with respect to
a shared spectrum of the shared spectrum system and
wherein an attachment transmission power of the out-
of-band spectrum used by the end user device is greater
than an attachment transmission power of the shared
spectrum,;
registering, by the end user device with a spectrum access
system, using the out-of-band spectrum upon success-
ful attachment with the shared spectrum access point
using the out-of-band spectrum; and
communicating, by the end user device, using at least the
shared spectrum upon successful registration with the
spectrum access system.
2. The method of claim 1, the method further comprising:
maintaining, by the end user device, communications
using the out-of-band spectrum.
3. The method of claim 1, the method further comprising:
aggregating, by the end user device, shared spectrum data
and out-of-band spectrum data to increase link reliabil-
ity, capacity, and throughput.
4. The method of claim 1, wherein a post-registration
transmit power level is higher than a pre-registration trans-
mit power level with respect to the shared spectrum.
5. The method of claim 4, wherein the end user device
registers as a shared spectrum device type and each shared
spectrum device type has a same pre-registration transmit
power level and a different post-registration transmit power
level.
6. The method of claim 1, wherein the out-of-band
spectrum is one of Industrial, Scientific, and Medical (ISM)
spectrum, Television White Space (TVWS) spectrum, a
licensed spectrum, an unlicensed spectrum, and a different
shared spectrum.
7. The method of claim 1, the method further comprising:
initially attaching, by the end user device to the shared
spectrum access point, using the shared spectrum; and
using, by the end user device, the out-of-band spectrum
for attachment to the shared spectrum access point
upon unsuccessful attachment to the shared spectrum
access point over the shared spectrum.
8. An end user device comprising:
a radio configured to operate on a shared spectrum of a
shared spectrum system and have a first attachment
transmit power;
at least one alternative radio configured to operate on an
out-of-band spectrum system and have a second attach-
ment transmit power greater than the first attachment
transmit power, wherein the out-of-band spectrum is
out-of-band with respect to the shared spectrum of the
shared spectrum system; and
a processor connected to the radio and the at least one
alternative radio, the processor configured to:
initiate attachment with a shared spectrum access point
over the out-of-band spectrum using the at least one
alternative radio;

register with a spectrum access system over the out-
of-band spectrum using the at least one alternative
radio upon successful attachment with the shared
spectrum access point; and

Mar. 11, 2021

communicate over at least the shared spectrum using
the first radio upon successful registration with the
spectrum access system.

9. The end user device of claim 8, wherein the processor
further configured to:

maintain communications over the out-of-band spectrum

using the at least one alternative radio.

10. The end user device of claim 8, wherein the processor
further configured to:

aggregate shared spectrum data and out-of-band spectrum

data to increase link reliability, capacity, and through-
put.

11. The end user device of claim 10, further comprising:

a data aggregation device configured to aggregate the

shared spectrum data and the out-of-band spectrum
data.

12. The end user device of claim 11, wherein the data
aggregation device is one of a switch or a router.

13. The end user device of claim 8, wherein the CPE
registers as a shared spectrum device type and each shared
spectrum device type has a same pre-registration transmit
power level and a different post-registration transmit power
level.

14. The end user device of claim 8, wherein the out-of-
band spectrum is one of Industrial, Scientific, and Medical
(ISM) spectrum, Television White Space (TVWS) spectrum,
a licensed spectrum, an unlicensed spectrum, and a different
shared spectrum.

15. The end user device of claim 8, wherein the processor
further configured to:

initially attach to the shared spectrum access point over

the shared spectrum using the radio; and

use the out-of-band spectrum and the at least one alter-

native radio to attach to the shared spectrum access
point upon unsuccessful attachment to the shared spec-
trum access point using the radio.

16. A system for end user device attachment and regis-
tration in a shared spectrum system, the system comprising:

a shared spectrum access point including a radio config-

ured to operate on a shared spectrum of a shared
spectrum system and at least one alternative radio
configured to operate on an out-of-band spectrum,
wherein the out-of-band spectrum is out-of-band with
respect to the shared spectrum of the shared spectrum
system; and

an end user device including:

a radio configured to operate on the shared spectrum of
the shared spectrum system; and
at least one alternative radio configured to operate on
the out-of-band spectrum; and
a processor connected to the radio of the end user
device and the at least one alternative radio of the
end user device, the processor configured to:
initiate attachment with the shared spectrum access
point over the out-of-band spectrum using the at
least one alternative radio of the end user device
and the at least one alternative radio of the shared
spectrum access point when attachment transmis-
sion power of the radio is insufficient to attach to
the shared spectrum access point;
register with a spectrum access system upon suc-
cessful attachment with the shared spectrum
access point over the out-of-band spectrum using
the at least one alternative radio of the end user
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device and the at least one alternative radio of the
shared spectrum access point; and

communicate over at least the shared spectrum upon
successful registration with the spectrum access
system using the radio of the end user device and
the radio of the shared spectrum access point.

17. The system of claim 16, wherein the processor further
configured to:

maintain, by the end user device, communications using

the out-of-band spectrum.

18. The system of claim 17, wherein:

the end user device further including a data aggregation

device configured to aggregate the shared spectrum
data and the out-of-band spectrum data; and

the shared spectrum access point further including a data

aggregation device configured to aggregate the shared
spectrum data and the out-of-band spectrum data.

19. The system of claim 16, wherein a post-registration
transmit power level is higher than a pre-registration trans-
mit power level with respect to the shared spectrum, and
wherein the end user device registers as a shared spectrum
device type and each shared spectrum device type has a
same preregistration transmit power level and a different
post-registration transmit power level.

20. The system of claim 16, wherein the out-of-band
spectrum is one of Industrial, Scientific, and Medical (ISM)
spectrum, Television White Space (TVWS) spectrum, a
licensed spectrum, an unlicensed spectrum, and a different
shared spectrum.



