wo 2016/130107 A1 |1 I} NP0 O 0 0

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/130107 A1l

(51

eay)

(22)

(25)
(26)
1

1

(72

74

18 August 2016 (18.08.2016) WIPOIPCT
International Patent Classification: (81)
HO4W 16/18 (2009.01)

International Application Number:

PCT/US2015/015027

International Filing Date:
9 February 2015 (09.02.2015)

Filing Language: English
Publication Language: English
Applicant: NOKIA TECHNOLOGIES OY [FI/FI];

Karaportti 3, FI-02610 Espoo (FI).

Applicant (for LC only): NOKIA USA INC. [US/US];
200 South Mathilda Avenue, Sunnyvale, CA 94086 (US).

Inventor: PIRILA, Hannu, Imari; Karaportti 3, FI-
02610 Espoo (FI).

Agents: SUAREZ, Pedro, F. ¢t al,; Mintz Levin Cohn
Ferris Glovsky and Popeo, P.C., 3580 Carmel Mountain
Road, Suite 300, San Diego, CA 92130-6768 (US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: INTRA SITE INTERFERENCE MITIGATION

60 degrees

| CPE 1944

60 degrees

FIG. 1A

FIG. 1B

(57) Abstract: In some example embodiments there is provided a method.
The method may include receiving an allocation of an antenna sector and a
frequency band, wherein the allocation is selected from a plurality of sectors,
wherein adjacent sectors in the plurality of sectors operate at different fre-
quencies and intersect at a midpoint to enable a reduction in interference
among the adjacent sectors; and receiving and/or transmitting, in response to
the received allocation, on the allocated antenna sector and frequency band.
Related systems, methods, and articles of manufacture are also described.



WO 2016/130107 A1 AT 00T 00 0O 0

Declarations under Rule 4.17: Published:
—  of inventorship (Rule 4.17(iv)) —  with international search report (Art. 21(3))




WO 2016/130107 PCT/US2015/015027

INTRA SITE INTERFERENCE MITIGATION

FIELD

[001] The subject matter described herein relates to interference mitigation.

BACKGROUND

[002] Wireless devices including base stations and the like may implement
sector antennas to provide a directional radiation pattern to a receiver. This directional
radiation pattern may provide gain, when compared to an omni-directional antenna. For
example, wireless device may include a plurality of sector antennas, each of which serves
a given sector of the cell or site associated with the base station. Alternatively or
additionally, the wireless device may use beam forming and electronically steer to a
given sector. In this way, the base station may provide higher capacity/data rate service

to the devices in the sector.

SUMMARY
[003] In some example embodiments there is provided a method. The method may
include receiving an allocation of an antenna sector and a frequency band, wherein the allocation
is selected from a plurality of sectors, wherein adjacent sectors in the plurality of sectors operate
at different frequencies and intersect at a midpoint to enable a reduction in interference among
the adjacent sectors; and receiving and/or transmitting, in response to the received allocation, on

the allocated antenna sector and frequency band.
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[004] In some variations, one or more of the features disclosed herein including the
following features can optionally be included in any feasible combination. The adjacent sectors
may include the allocated antenna sector and the allocated frequency band and another antenna
sector and another frequency band, wherein the allocated frequency band and the other frequency
band may operate at different cellular frequencies, and wherein the allocated antenna sector and
the other antenna sector may intersect at the midpoint comprising 30 degrees. The allocated
antenna sector and the other antenna sector may be spaced by 60 degrees. A base station may
include an antenna array having a sector pattern including the allocated antenna sector and the
other antenna sector spaced by 60 degrees from the allocated antenna sector. The sector pattern
may include six sectors spaced at 60 degrees between each sector, wherein any of the adjacent
sectors operate at different frequencies. The sector pattern may be fixed at a given base station.
The at least one channel quality indicator may be sent to a network to enable resource allocation,
wherein the at least one channel quality indicator may include a measurement of a channel on the
antenna sector and the frequency band. A location of a user equipment may be sent to a network
to enable a response including a resource allocation. A base station location may be sent to
enable formation of a beam in a direction covering the base station. A user equipment may
perform the receiving the allocation, and wherein the user equipment may include a customer
premises equipment, wherein the customer premises equipment may include a first interface for
interfacing with a cellular network and a second interface for interfacing with at least one other
apparatus within a customer premises. The plurality of sectors may include form a sector pattern

including 12 sectors spaced by 30 degrees The receiving and/or transmitting may be performed
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in a carrier aggregation in which first and second carriers from the adjacent sectors are used for
the carrier aggregation.

[005] Moreover, in some example embodiments there is provided a method.
The method may include receiving, at a base station, information comprising at least one
of a channel quality indicator measured by a user equipment or a location of the user
equipment; and sending, by the base station, an allocation to the user equipment, wherein
the allocation includes an antenna sector and a frequency band, wherein the allocation is
based on the received information, wherein the allocation is selected from a plurality of
sectors, wherein adjacent sectors in the plurality of sectors operate at different
frequencies and intersect at a midpoint to enable a reduction in interference among the
adjacent sectors.

[006] In some variations, one or more of the features disclosed herein including
the following features can optionally be included in any feasible combination. The base
station may transmit and/or receive on the allocated antenna sector and frequency band.
The adjacent sectors may include the allocated antenna sector and the allocated frequency
band and another antenna sector and another frequency band, wherein the allocated
frequency band and the other frequency band may operate at different cellular
frequencies, and wherein the allocated antenna sector and the other antenna sector may
intersect at the midpoint comprising 30 degrees. The allocated antenna sector and the
other antenna sector may be spaced by 60 degrees. The base station may include an

antenna array having a sector pattern including the allocated antenna sector and the other
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antenna sector spaced by 60 degrees. The sector pattern may include six sectors spaced
at 60 degrees between each sectors, wherein any of the adjacent sectors operate at
different frequencies. The sector pattern may be fixed at a given base station. The
allocation may be determined to enable formation of a beam in a direction covering the
user equipment.

[007] The above-noted aspects and features may be implemented in systems,
apparatuses, methods, and/or computer-readable media depending on the desired
configuration. The details of one or more variations of the subject matter described
herein are set forth in the accompanying drawings and the description below. Features
and advantages of the subject matter described herein will be apparent from the
description and drawings, and from the claims. In some exemplary embodiments, one of
more variations may be made as well as described in the detailed description below

and/or as described in the following features.

DESCRIPTION OF DRAWINGS

[008] In the drawings,

[009] FIG. 1A depicts an example of a system 100 for intra site interference
mitigation based on a certain antenna sector pattern, in accordance with some example
embodiments;

[010] FIG. 1B depicts an example where the antenna sector pattern of FIG. 1A is

not implemented;
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[011] FIG. 2A depicts another example of a system 200 for intra site
interference mitigation based on the certain antenna sector pattern, in accordance with
some example embodiments;

[012] FIG. 2B depicts a customer premises equipment forming a beam towards a
base station, in accordance with some example embodiments;

[013] FIG. 3 depicts an example of a process 300 for assigning the certain
antenna sector pattern, in accordance with some example embodiments;

[014] FIG. 4 depicts the system of FIG. 2A after the introduction of another
device which may be a trigger for process 300, in accordance with some example
embodiments;

[015] FIG. 5 an example of an apparatus, in accordance with some example
embodiments.

[016] Like labels are used to refer to the same or similar items in the drawings.

DETAILED DESCRIPTION
[017] In some wireless systems, there may be a need to minimize the amount of
interference between sectors. Specifically, when a client device is in between two sectors (which
may have the same or similar signal quality) of the same site served by a wireless access
point/base station, the client device may connect to cither of the sectors. However, the client
device may suffer intra site sector interference from the other sector which was not selected.

This interference may be especially severe in systems in which the sectors use the same
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frequencies (for example, same channels or bands). Moreover, in some high data rate or capacity
systems such as Long Term Evolution to the home (LTTH), a client device may need to be able
to receive data at very high data rates, so a relatively high signal-to-interference-plus-noise
(SINR) ratio may be needed (so the reduction of the adjacent sector interference may enable in
part the very high data rates required of LTTH). Although some of the examples refer to LTTH,
the subject matter disclosed herein may be used in other wireless systems as well.

[018] In some example embodiments, there is provided a way to reduce the interference
between sectors within a given site.

[019] FIG. 1A depicts an example base station 110 including sector antennas configured
to have sectors 112A-C/114A-C, in accordance with some example embodiments. In some
example embodiments, the base station 110 may include 6 sector antennas, one for each sector,
although the sectors may be implemented by other quantity of antennas as well and/or may
include beam forming and steering as well. For example, a first sector antenna may have an
antenna pattern that corresponds to the radiation pattern or sector, such as sector 114A; a second
sector antenna may have a radiation pattern or sector, such as sector 112C; and so forth for each
sector antenna.

[020] In some example embodiments, sectors 112A-C/114A-C may be on different
frequencies, in accordance with some example embodiments. For example, sectors 114A, 114B,
and 114C may be on a first frequency (for example, a channel on the 1.8 GHz band), while
sectors 112A, 112B, and 112C may be on second frequency (for example, a channel on the 2.6

GHz band), although the sectors may be assigned to other frequencies and bands as well.
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[021] In some example embodiments, sectors 112A-C/114A-C may be configured, so
that a given sector has a sector boundary that is at about the middle of an adjacent sector. To
illustrate, sector 114A may have a sector boundary that is at about the middle of sector 112C. In
the example of FIG. 1A, the beam 112C may be about 60 degrees from beam 114A (as measured
from the centers of each beam), while beam 114B may be about 60 degrees from beam 112C,
and so forth. In this example, the sector boundary (which is between beam 114A and bean
112C) is at about 30 degrees. In some example embodiments, the sector pattern may be fixed for
a given base station. For example, the vacillate deployment the base station may include a fixed
sector pattern, such as the 60 degrees between the centers of each sector beam as shown in FIG.
1A. Although some examples refer to 60 degrees between the centers of each sector beam, this
angle may vary to a certain degree as well. For example, the centers of each beam can vary by
+/1 0.5 degrees, 1 degree, 2 degree, 3 degrees, 4 degrees, 5 degrees, 10 degrees, 12 degrees, 15
degrees, as well as other values (which may depend on the beam width of the sector beam and
other factors as well to avoid interference and provide good signal quality between adjacent
sectors). To illustrate further, the sector pattern may include 12 sectors each spaced at about 30
degrees, in which case adjacent sectors may be at different frequencies as in the 6 sector
example.

[022] In some example embodiments, a network node, such as a resource allocator, may
assign resources to a given client device, such as customer premises equipment (CPE) 194A.
For example, the resource allocator may assign a given sector such as sector 114A operating on a

first frequency or assign sector 112C which is on a second frequency. In this example, base
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station 110 may select or configure an antenna to transmit on a first frequency on frequency band
one and sector 114A. As sectors 114A and 112C are in different frequency bands and have
sector boundaries that are at about the middle of an adjacent sector, CPE 194A may operate on
sector 114A without receiving interference from adjacent sector 112A (where another CPE may
be operating for example).

[023] FIG. 1B depicts CPE 194A between sectors which are not configured as noted
above with respect to FIG. 1A. As can be seen in FIG. 1B, the CPE is in between two sectors of
relatively similar signal quality. When this is the case, the CPE may select a given sector 124A
for example but suffer interference from sector 122C, which is on the same frequency (or a band
of frequencies as well).

[024] FIG. 2A depicts a system 200, in accordance with some example embodiments.
System 200 may include base station 110 including sectors 112A-C and 114A-C and CPE 194A
as described above with respect to FIG. 1A.

[025] System 200 further includes a resource allocator 290, in accordance with some
example embodiments. Resource allocator 290 may allocate one of the sectors 112A-C and
114A-C to a CPE, as well as assign a frequency for use on the allocated sector.

[026] In the example of FIG. 2A, an example LTTH system is also depicted, in
accordance with some example embodiments. In the case of LTTH, CPE 194A may serve as a
radio interface to a wireless access network (for example, LTE although other types of radio
access technologies may be used as well). This interface may enable reception from the wireless

access network on a given sector, such as sector 114A and/or the like for example. Furthermore,

-8-



WO 2016/130107 PCT/US2015/015027

CPE 194A may serve as a local interface, such as a router, for other coupled devices at a location
or home, such as user equipment (UE) 120A, UE 120B, and/or the like. In the case of LTTH, the
base station 110 may include an antenna configured to transmit a downlink at an allocated sector
such as sector 114A at a first frequency, to CPE 194A, and this downlink may be at a relatively
high data rate/capacity while conserving use of spectrum. For example, a 20 MHz channel in the
1.8 GHz band may require high SINR to provide the high capacity(for example, up to 100 Mbps
and exceeding, although other rates may be implemented as well).

[027] Although FIGs. 1A and 2A describe the antenna sectors 112A-C/114A-C being
used for downlink transmission from the base station to the CPE 196, the CPE may also use for
example electronic beam forming and/or steering to transmit to the base station 110 (although
beam forming and steering may be used for example to transmit and/or receive and at the CPE
and/or the base station as well). FIG. 2B depicts the system of FIG. 2A and depicts the beam
198 formed by the CPE 194A. Beam 198 have the same or different shape and pattern as sector
beam 114A. Resource allocator 290 may allocate to CPE 194A the resources to enable
transmission of an uplink via an antenna at CPE 194A having the beam (for example, radiation
pattern) 198 (which may be at a band one frequency or another frequency as well). Alternatively
or additionally, CPE 194A may receive (via wired and/or wireless connections) the location of
the base station 110, which enables the CPE 198 A to determine the direction, shape, and the like
of beam 198. In some example embodiments, CPE 198A may receive the location of the base

station a wireless connection (for example, CPE 198A may operate in an omnidirectional mode
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at a lower rate during the configuration of the CPE198A, and once determining the location of
the base station 110 enter into a higher data rate mode with beam 198.

[028] Moreover, although FIG. 1A and 2A-B depict a single base station and CPE, other
quantities of base stations and/or CPE may also be implemented as well. Furthermore, although
a single site having sectors 112A-C/114A-C is depicted, additional sites including sectors may be
deployed as well in accordance with some example embodiments. In addition, although FIG. 2A
depicts six sectors, other quantities of sectors may be implemented as well.

[029] FIG. 3 depicts an example of a process 300 for allocating resources including
allocating an antenna sector to a client device, such as a CPE, in accordance with some example
embodiments.

[030] At 305, a channel quality indicator may be determined, in accordance with some
example embodiments. For example, CPE 194A may measure an indication of the channel
quality by for example determining SINR and/or other metrics for sector 114A as well as other
sectors, such as sector 112C.

[031] At 310, the determined channel quality indicator may be sent, in accordance with
some example embodiments. For example, CPE 194A may send the measured channel quality
indicator to resource allocator 290. The resource allocator 290 may then determine which sector
satisfies a threshold channel quality, such as SINR, to CPE. And, the resource allocator 290 may
allocate a sector based on the channel quality indicator information. For example, the resource
allocator 290 may have a threshold SINR for a CPE in order to provide a given data rate to the

CPE. If the channel quality indicator meets or exceeds the threshold SINR at a given sector, that
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sector can be assigned to the CPE. But if the channel quality indicator does not meets or exceed
the threshold SINR at the given sector, that sector should not be assigned to the CPE (unless the
threshold is revised or some other adjustment, such as a reallocation of the allocated CPEs, is
performed). In some example embodiments, resource allocator 290 may take into account the
modulation and coding scheme at CPE 194A and the received channel quality indicator, when
determining which sector to allocate to the CPE. Moreover, the resource allocator may take into
account the received channel quality indicator (as well as modulation and coding scheme, load at
a given sector, and/or the like ) received from a plurality of CPEs, when determining which
sector to allocate to the CPE 194A (as well as other CPEs). Furthermore, the resource allocator
may reallocate resources among CPEs to optimize channel quality among the CPEs.

[032] The allocation of a sector noted above may be based on location information. If
the location of the base station and CPE are known (as well as the sector pattern), then the sector
to be allocated to the CPE may also be performed based on location alone (or in combination
with the channel quality indicator). For example, the CPE may report its location to the base
station, which may then assign a sector for downlink transmission based on the location of the
CPE and the corresponding sectors covering the location of the CPE. Alternatively or
additionally, the CPE may determine the base station location (for example, the location may be
determined or reported to the CPE), and form a beam, such as beam 198, to enable transmission
of an uplink to the base station.

[033] At 320, a resource, such as a frequency and sector allocation, may be received, in

accordance with some example embodiments. For example, resource allocator 290 may
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determine which sector to assign as noted above, and send the allocated sector and band to CPE
194A. The allocation may include other information as well, such as modulation, coding, and/or
the like. When the CPE receives the allocation, CPE 194A can operate on the allocated sector,
such as sector 114 A for example.

[034] FIG. 4 depicts an example of a system 400, in accordance with some example
embodiments. System 400 is similar to system 200 in some respects, but depicts the introduction
of a CPE 194B at sector 114A. When this is the case, the network may trigger process 300 in
order to allocate resources to CPE 194B, which may also result in a reallocation to CPE 194A as
well. For example, the CPEs in the site served by base station 110 may receive their resource
allocation. This resource allocation may be dynamic in the sense that it may change from time to
time, such as after the introduction of another CPE, the departure of a CPE, changing conditions
in the network, such as load, and/or other reasons as well.

[035] In the example of FIG. 4, when CPE 194B enters the site 400, process 300 may be
triggered and result in band one sector 114A being allocated to CPE 194B for example.
Resource allocator 190 may also allocate (or reallocate) resources to the other CPEs.
Specifically, resource allocator may take into account the load on each sector, in accordance with
some example embodiments. For example, CPE 194A-B may both be allocated to sector 114A
on band one, but the resource allocator may as part of process 300 subsequently reallocate CPE
194A to sector 112C if sector 114A is overly burdened with a heavy traffic load (or for some
other reason such as a beneficial SNIR in another sector, or to optimize the overall network

capacity where all of the sites are taken into account), while sector 112C is lightly loaded. Thus,
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in some example, embodiments, the resource allocator may perform load balancing by allocating
sectors 112A-C/114A-C.

[036] Although the example above describes the resource allocation being performed
by the network, a client device, such as CPE and/or any other device may perform the allocation
as well. Further, the resource allocation may be performed dynamically such that optimum total
capacity across CPE and sectors is determined at any given moment.

[037] Example Use Case

[038] In some example embodiments, the CPE, such as CPE 194A, 194B, and/or the
like (FIG. 4), may be used in a LTTH implementations. During the initial power-up and
installation of for example CPE 194A, the location of CPE 194 may be sent via a wired or
wireless link to resource allocator 290. In response, the resource allocator may identify which
site, such as which base station from among a plurality of base stations, and which sector, from
among sectors 114A-C and 112A-C, should be assigned to CPE 114A. The resource allocator
290 may also calculate the direction from the CPE 194A to the selected site (for example, base
station 110) to enable CPE 194 to beam steer to the base station 110. The resource allocator
may provide the determined site, sector, and/or direction to CPE 194A (via wireless and/or wired
links). The direction to the site/base station may be used by the end-user to place the CPE 194A
(or its antenna(s)) on for example on a side of the home/premises as the direction to the site/base
station. The CPE 194A may then beam form or steer its directional antenna towards the
direction of the site and/base station, and then transmit and/or receive on the assigned site and

sector (and mapped frequency).
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[039] In some example embodiments, carrier aggregation may be implemented as well.
Referring again to FIG. 1A, CPE 194A having access to carriers from sector 114A and sector
112C may enter into a carrier aggregation mode (for example, in which the carrier from sector
114A 1is a primary carrier and the carrier from sector 112C is the secondary carrier). To
illustrate, the CPE 194A may perform measurements of the carriers associated with sectors 114A
and 112C, and if the measurements satisfy a quality threshold (for example, an SINR threshold
or target), the CPE 194A may enter into the carrier aggregation mode. However, if CPE 194 is
in a location covered by only a single sector (and/or the quality thresholds are not satisfied), the
CPE may decide to not enter into a carrier aggregation mode.

[040] FIG. 5 depicts an example of an apparatus 500, in accordance with some example
embodiments. The apparatus 500 may comprisc a CPE as described herein and/or a user
equipment (UE), such as a smart phone, a tablet, a cell phone, a wearable radio device, and/or
any other radio based device including for example a wireless access point/base station.
Moreover, the resource allocator 290 may comprise circuitry as described with respect to
apparatus 500, although the resource allocator 290 may be implemented with a wired interface to
other devices (rather than the wireless interfaces shown at FIG. 5) as well.  The resource
allocator 290 may be provided as a service, such as a cloud/internet service accessible to the
network, base station, CPEs, and/or other devices.

[041] The CPE may serve, in some example embodiments, as a router or gateway to
other devices at the customer premises, and these other devices may include a smart phone, a

tablet, a laptop with a wireless interface, a cell phone, a wearable radio device, an internet of
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things (IoT) device (for example, in which case the CPE may provide an loT gateway), audio
players (for example, audio player including a wireless interface to enable audio streaming),
televisions (for example, smart televisions including a wireless interface to enable streaming)
and/or any other radio based device. The apparatus may include a first interface to the cellular
network and a second interface (which may wired and/or wireless) to the other devices.

[042] In some example embodiments, apparatus 500 may also include a radio
communication link to a cellular network, or other wireless network. The apparatus 500 may
include at least one antenna 12 in communication with a transmitter 14 and a receiver 16.
Moreover, the antenna may be a sector antenna and/or a plurality of antennas though which
beamforming (for example, MIMO and/or the like) that can provide a given sector. Alternatively
transmit and receive antennas may be separate.

[043] The apparatus 500 may also include a processor 20 configured to provide signals
to and from the transmitter and receiver, respectively, and to control the functioning of the
apparatus. Processor 20 may be configured to control the functioning of the transmitter and
receiver by effecting control signaling via electrical leads to the transmitter and receiver.
Likewise, processor 20 may be configured to control other elements of apparatus 130 by
effecting control signaling via electrical leads connecting processor 20 to the other elements,
such as a display or a memory. The processor 20 may, for example, be embodied in a variety of
ways including circuitry, at least one processing core, one or more microprocessors with
accompanying digital signal processor(s), one or more processor(s) without an accompanying

digital signal processor, one or more coprocessors, one or more multi-core processors, one or
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more controllers, processing circuitry, one or more computers, various other processing elements
including integrated circuits (for example, an application specific integrated circuit (ASIC), a
field programmable gate array (FPGA), and/or the like), or some combination thereof.
Apparatus 500 may include a location processor and/or an interface to obtain location
information, such as positioning and/or navigation information. Accordingly, although
illustrated in as a single processor, in some example embodiments the processor 20 may
comprise a plurality of processors or processing cores.

[044] Signals sent and received by the processor 20 may include signaling information
in accordance with an air interface standard of an applicable cellular system, and/or any number
of different wireline or wireless networking techniques, comprising but not limited to Wi-Fi,
wireless local access network (WLAN) techniques, such as, Institute of Electrical and
Electronics Engineers (IEEE) 802.11, 802.16, and/or the like. In addition, these signals may
include speech data, user generated data, user requested data, and/or the like.

[045] The apparatus 500 may be capable of operating with one or more air interface
standards, communication protocols, modulation types, access types, and/or the like. For
example, the apparatus 500 and/or a cellular modem therein may be capable of operating in
accordance with various first generation (1G) communication protocols, second generation (2G
or 2.5G) communication protocols, third-generation (3G) communication protocols, fourth-
generation (4G) communication protocols, Internet Protocol Multimedia Subsystem (IMS)
communication protocols (for example, session initiation protocol (SIP) and/or the like. For

example, the apparatus 500 may be capable of operating in accordance with 2G wireless
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communication protocols IS-136, Time Division Multiple Access TDMA, Global System for
Mobile communications, GSM, 1S-95, Code Division Multiple Access, CDMA, and/or the like.
In addition, for example, the apparatus 500 may be capable of operating in accordance with 2.5G
wireless communication protocols General Packet Radio Service (GPRS), Enhanced Data GSM
Environment (EDGE), and/or the like. Further, for example, the apparatus 500 may be capable
of operating in accordance with 3G wireless communication protocols, such as, Universal
Mobile Telecommunications System (UMTS), Code Division Multiple Access 2000
(CDMA2000), Wideband Code Division Multiple Access (WCDMA), Time Division-
Synchronous Code Division Multiple Access (TD-SCDMA), and/or the like. The apparatus 130
may be additionally capable of operating in accordance with 3.9G wireless communication
protocols, such as, Long Term Evolution (LTE), Evolved Universal Terrestrial Radio Access
Network (E-UTRAN), and/or the like. Additionally, for example, the apparatus 500 may be
capable of operating in accordance with 4G wireless communication protocols, such as LTE
Advanced and/or the like as well as similar wireless communication protocols that may be
subsequently developed.

[046] It is understood that the processor 20 may include circuitry for implementing
audio/video and logic functions of apparatus 500. For example, the processor 20 may comprise a
digital signal processor device, a microprocessor device, an analog-to-digital converter, a digital-
to-analog converter, and/or the like. Control and signal processing functions of the apparatus
500 may be allocated between these devices according to their respective capabilities. The

processor 20 may additionally comprise an internal voice coder (VC) 20a, an internal data
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modem (DM) 20b, and/or the like. Further, the processor 20 may include functionality to
operate one or more software programs, which may be stored in memory. In general, processor
20 and stored software instructions may be configured to cause apparatus 500 to perform actions.
For example, processor 20 may be capable of operating a connectivity program, such as, a web
browser. The connectivity program may allow the apparatus 500 to transmit and receive web
content, such as location-based content, according to a protocol, such as, wireless application
protocol, wireless access point, hypertext transfer protocol, HTTP, and/or the like.

[047] Apparatus 500 may also comprise a user interface including, for example, an
carphone or speaker 24, a ringer 22, a microphone 26, a display 28, a user input interface, and/or
the like, which may be operationally coupled to the processor 20. The display 28 may, as noted
above, include a touch sensitive display, where a user may touch and/or gesture to make
selections, enter values, and/or the like. The processor 20 may also include user interface
circuitry configured to control at least some functions of one or more eclements of the user
interface, such as, the speaker 24, the ringer 22, the microphone 26, the display 28, and/or the
like. The processor 20 and/or user interface circuitry comprising the processor 20 may be
configured to control one or more functions of one or more elements of the user interface
through computer program instructions, for example, software and/or firmware, stored on a
memory accessible to the processor 20, for example, volatile memory 40, non-volatile memory
42, and/or the like. The apparatus 500 may include a battery for powering various circuits
related to the mobile terminal, for example, a circuit to provide mechanical vibration as a

detectable output. The user input interface may comprise devices allowing the apparatus 500 to
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receive data, such as, a keypad 30 and/or other input devices. Moreover, apparatus may provide
an LTTH application or an LTTH service where configuration and/or control of the CPE may
be performed.

[048] Morcover, the apparatus 500 may include a short-range radio frequency (RF)
transceiver and/or interrogator 64, so data may be shared with and/or obtained from electronic
devices in accordance with RF techniques. The apparatus 500 may include other short-range
transceivers, such as an infrared (IR) transceiver 66, a Bluetooth (BT) transceiver 68 operating
using Bluetooth wireless technology, a wireless universal serial bus (USB) transceiver 70, and/or
the like. The Bluetooth transceiver 68 may be capable of operating according to low power or
ultra-low power Bluetooth technology, for example, Wibree, Bluetooth Low-Energy, NFC, and
other radio standards. In this regard, the apparatus 500 and, in particular, the short-range
transceiver may be capable of transmitting data to and/or receiving data from electronic devices
within proximity of the apparatus, such as within 10 meters. The apparatus 500 including the
Wi-Fi or wireless local area networking modem may also be capable of transmitting and/or
receiving data from electronic devices according to various wireless networking techniques,
including 6LoWpan, Wi-Fi, Wi-Fi low power, WLAN techniques such as IEEE 802.11
techniques, IEEE 802.15 techniques, IEEE 802.16 techniques, and/or the like.

[049] The apparatus 500 may comprise memory, such as, a subscriber identity module
(SIM) 38, a removable user identity module (R-UIM), and/or the like, which may store
information elements related to a mobile subscriber. In addition to the SIM, the apparatus 500

may include other removable and/or fixed memory. The apparatus 500 may include volatile
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memory 40 and/or non-volatile memory 42. For example, volatile memory 40 may include
Random Access Memory (RAM) including dynamic and/or static RAM, on-chip or off-chip
cache memory, and/or the like. Non-volatile memory 42, which may be embedded and/or
removable, may include, for example, read-only memory, flash memory, magnetic storage
devices, for example, hard disks, floppy disk drives, magnetic tape, optical disc drives and/or
media, non-volatile random access memory (NVRAM), and/or the like. Like volatile memory
40, non-volatile memory 42 may include a cache area for temporary storage of data. At least
part of the volatile and/or non-volatile memory may be embedded in processor 20. The
memories may store one or more software programs, instructions, pieces of information, data,
and/or the like which may be used by the apparatus for performing operations as described
herein at for example process 300. The memories may comprise an identifier, such as an
international mobile equipment identification (IMEI) code, capable of uniquely identifying
apparatus 500. The functions may include one or more of the operations disclosed herein with
respect to process 300 and/or the like. The memories may comprise an identifier, such as an
international mobile equipment identification (IMEI) code, capable of uniquely identifying
apparatus 500. In the example embodiment, the processor 20 may be configured using computer
code stored at memory 40 and/or 42 to provide the operations, such as receiving, at a user
equipment, an allocation of an antenna sector and a frequency band, wherein the allocation is
selected from a plurality of sectors, wherein adjacent sectors in the plurality of sectors operate at

different frequencies and intersect at about a midpoint to enable a reduction in interference
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among the adjacent sectors; and operating, at the user equipment, on the allocated antenna sector
by at least one of transmitting or receiving on the allocated antenna sector and frequency band.

[050] Some of the embodiments disclosed herein may be implemented in software,
hardware, application logic, or a combination of software, hardware, and application logic. The
software, application logic, and/or hardware may reside in memory 40, the control apparatus 20,
or clectronic components disclosed herein, for example. In some example embodiments, the
application logic, software or an instruction set is maintained on any one of various conventional
computer-readable media. In the context of this document, a "computer-readable medium" may
be any non-transitory media that can contain, store, communicate, propagate or transport the
instructions for use by or in connection with an instruction execution system, apparatus, or
device, such as a computer or data processor circuitry. A computer-readable medium may
comprise a non-transitory computer-readable storage medium that may be any media that can
contain or store the instructions for use by or in connection with an instruction execution system,
apparatus, or device, such as a computer. Furthermore, some of the embodiments disclosed
herein include computer programs configured to cause methods as disclosed herein (see, for
example, the process 300 and the like).

[051] Without in any way limiting the scope, interpretation, or application of the claims
appearing below, a technical effect of one or more of the example embodiments disclosed herein
is reduced intra site sector interference and/or reduce interference from multiple CPEs.

[052] The subject matter described herein may be embodied in systems, apparatus,

methods, and/or articles depending on the desired configuration. For example, the systems,
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apparatus, methods, and/or articles described herein can be implemented using one or more of
the following: electronic components such as transistors, inductors, capacitors, resistors, and the
like, a processor executing program code, an application-specific integrated circuit (ASIC), a
digital signal processor (DSP), an embedded processor, a field programmable gate array (FPGA),
and/or combinations therecof. These various example embodiments may include implementations
in one or more computer programs that are executable and/or interpretable on a programmable
system including at least one programmable processor, which may be special or general purpose,
coupled to receive data and instructions from, and to transmit data and instructions to, a storage
system, at least one input device, and at least one output device. These computer programs (also
known as programs, software, software applications, applications, components, program code, or
code) include machine instructions for a programmable processor, and may be implemented in a
high-level procedural and/or object-oriented programming language, and/or in assembly/machine
language. As used herein, the term “machine-readable medium” refers to any computer program
product, computer-readable medium, computer-readable storage medium, apparatus and/or
device (for example, magnetic discs, optical disks, memory, Programmable Logic Devices
(PLDs)) used to provide machine instructions and/or data to a programmable processor,
including a machine-readable medium that receives machine instructions. Similarly, systems are
also described herein that may include a processor and a memory coupled to the processor. The
memory may include one or more programs that cause the processor to perform one or more of

the operations described herein.
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[053] Although a few wvariations have been described in detail above, other
modifications or additions are possible. In particular, further features and/or variations may be
provided in addition to those set forth herein. Moreover, the example embodiments described
above may be directed to various combinations and subcombinations of the disclosed features
and/or combinations and subcombinations of several further features disclosed above. In
addition, the logic flow depicted in the accompanying figures and/or described herein does not
require the particular order shown, or sequential order, to achieve desirable results. Other

embodiments may be within the scope of the following claims.
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WHAT IS CLAIMED:
A method comprising:

receiving an allocation of an antenna sector and a frequency band, wherein
the allocation is selected from a plurality of sectors, wherein adjacent sectors in
the plurality of sectors operate at different frequencies and intersect at a midpoint
to enable a reduction in interference among the adjacent sectors; and

receiving and/or transmitting, in response to the received allocation, on the
allocated antenna sector and frequency band.
The method of claim 1, wherein the adjacent sectors include the allocated antenna
sector and the allocated frequency band and another antenna sector and another
frequency band, wherein the allocated frequency band and the other frequency
band operate at different cellular frequencies, and wherein the allocated antenna
sector and the other antenna sector intersect at the midpoint comprising 30
degrees.
The method of claim 2, wherein the allocated antenna sector and the other antenna
sector are spaced by 60 degrees.
The method of claim 2, wherein a base station includes an antenna array having a
sector pattern including the allocated antenna sector and the other antenna sector

spaced by 60 degrees from the allocated antenna sector.

4.



10.

11.

WO 2016/130107

The method of claim 4, wherein the sector pattern includes six sectors spaced at
60 degrees between ecach sector, wherein any of the adjacent sectors operate at
different frequencies.
The method of claim 4, wherein the sector pattern is fixed at a given base station.
The method of any of claims 1-6 further comprising:

sending at least one channel quality indicator to a network to enable
resource allocation, wherein the at least one channel quality indicator includes a
measurement of a channel on the antenna sector and the frequency band.
The method of any of claims 1-7 further comprising:

sending a location of a user equipment to a network to enable a response
including a resource allocation.
The method of any of claims 1-8 further comprising:

determining a base station location to enable formation of a beam in a
direction covering the base station.
The method of any of claims 1-9, wherein a user equipment performs the
receiving the allocation, and wherein the user equipment comprises a customer
premises equipment, wherein the customer premises equipment includes a first
interface for interfacing with a cellular network and a second interface for
interfacing with at least one other apparatus within a customer premises.
The method of claim 1, wherein the plurality of sectors form a sector pattern

including 12 sectors spaced by 30 degrees.
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The method of any of claims 1-11, wherein the receiving and/or transmitting is
performed in a carrier aggregation in which first and second carriers from the
adjacent sectors are used for the carrier aggregation.
An apparatus, comprising:
at least one processor; and
at least one memory including computer program code, the at least one memory
and the computer program code configured to, with the at least one processor,
cause the apparatus to perform at least the following:
receive an allocation of an antenna sector and a frequency band,
wherein the allocation is selected from a plurality of sectors, wherein adjacent
sectors in the plurality of sectors operate at different frequencies and intersect at a
midpoint to enable a reduction in interference among the adjacent sectors; and
receive and/or transmit, in response to the received allocation, on the
allocated antenna sector and frequency band.
The apparatus of claim 13, wherein the adjacent sectors include the allocated
antenna sector and the allocated frequency band and another antenna sector and
another frequency band, wherein the allocated frequency band and the other
frequency band operate at different cellular frequencies, and wherein the allocated
antenna sector and the other antenna sector intersect at the midpoint comprising

30 degrees.
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The apparatus of claim 14, wherein the allocated antenna sector and the other
antenna sector are spaced by 60 degrees.

The apparatus of claim 14, wherein a base station includes an antenna array
having a sector pattern including the allocated antenna sector and the other
antenna sector spaced by 60 degrees from the allocated antenna sector.

The apparatus of claim 16, wherein the sector pattern includes six sectors spaced
at 60 degrees between each sector, wherein any of the adjacent sectors operate at
different frequencies.

The apparatus of claim 16, wherein the sector pattern is fixed at a given base
station.

The apparatus of any of claims 13-18, wherein the apparatus is further configured
to at least send at least one channel quality indicator to a network to enable
resource allocation, wherein the at least one channel quality indicator includes a
measurement of a channel on the antenna sector and the frequency band.

The apparatus of any of claims 13-19, wherein the apparatus is further configured
to at least send a location of a user equipment to a network to enable a response
including a resource allocation.

The apparatus of any of claims 13-20, wherein the apparatus is further configured
to at least determine base station location to enable formation of a beam in a

direction covering the base station.
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The apparatus of any of claims 13-21, wherein the apparatus comprises at least
one of a user equipment or a customer premises equipment, wherein the customer
premises equipment includes a first interface for interfacing with a cellular
network and a second interface for interfacing with at least one other apparatus
within a customer premises.
The apparatus of claim 13, wherein the plurality of sectors form a sector pattern
including 12 sectors spaced by 30 degrees.
The apparatus of any of claims 13-23, wherein the apparatus is further configured
to receive and/or transmit in a carrier aggregation in which first and second
carriers from the adjacent sectors are used for the carrier aggregation.
A non-transitory computer-readable storage medium including program code
which when executed by at least one processor causes operations comprising:

receiving an allocation of an antenna sector and a frequency band, wherein
the allocation is selected from a plurality of sectors, wherein adjacent sectors in
the plurality of sectors operate at different frequencies and intersect at a midpoint
to enable a reduction in interference among the adjacent sectors; and

receiving and/or transmitting, in response to the received allocation, on
the allocated antenna sector and frequency band.
An apparatus comprising:

means for receiving an allocation of an antenna sector and a frequency

band, wherein the allocation is selected from a plurality of sectors, wherein
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adjacent sectors in the plurality of sectors operate at different frequencies and
intersect at a midpoint to enable a reduction in interference among the adjacent
sectors; and

means for receiving and/or transmitting, in response to the received
allocation, on the allocated antenna sector and frequency band.
The apparatus of claim 26, wherein the apparatus further comprises means for
performing any of claims 2-12.
A method comprising:

receiving, at a base station, information comprising at least one of a
channel quality indicator measured by a user equipment or a location of the user
equipment; and

sending, by the base station, an allocation to the user equipment, wherein
the allocation includes an antenna sector and a frequency band, wherein the
allocation is based on the received information, wherein the allocation is selected
from a plurality of sectors, wherein adjacent sectors in the plurality of sectors
operate at different frequencies and intersect at a midpoint to enable a reduction in
interference among the adjacent sectors.
The method of claim 28, further comprising;:

transmitting and/or receiving, by the base station, on the allocated

antenna sector and frequency band.
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30. The method of any of claims 28-29, wherein the adjacent sectors include the
allocated antenna sector and the allocated frequency band and another antenna sector and
another frequency band, wherein the allocated frequency band and the other frequency
band operate at different cellular frequencies, and wherein the allocated antenna sector
and the other antenna sector intersect at the midpoint comprising 30 degrees.
31. The method of claim 30, wherein the allocated antenna sector and the other
antenna sector are spaced by 60 degrees.
32. The method of any of claims 28-31, wherein the base station comprises an
antenna array having a sector pattern including the allocated antenna sector and the other
antenna sector spaced by 60 degrees.
33. The method of claim 32, wherein the sector pattern includes six sectors spaced
at 60 degrees between each sectors, wherein any of the adjacent sectors operate at
different frequencies.
34.  The method of claim 32, wherein the sector pattern is fixed at a given base
station.
35.  The method of any of claims 28-34 further comprising:
determining the allocation to enable formation of a beam in a direction
covering the user equipment.
36.  The method of any of claims 28-35, wherein the midpoint varies by plus or minus

1 degree.
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An apparatus, comprising:
at least one processor; and
at least one memory including computer program code, the at least one memory
and the computer program code configured to, with the at least one processor,
cause the apparatus to perform at least the following:

receive, at the apparatus, information comprising at least one of a channel
quality indicator measured by a user equipment or a location of the user
equipment; and

send, by the apparatus, an allocation to the user equipment, wherein the
allocation includes an antenna sector and a frequency band, wherein the allocation
is based on the received information, wherein the allocation is selected from a
plurality of sectors, wherein adjacent sectors in the plurality of sectors operate at
different frequencies and intersect at a midpoint to enable a reduction in
interference among the adjacent sectors.
The apparatus of claim 37, wherein the apparatus is further configured to at least
transmitting and/or receiving, by the base station, on the allocated antenna sector
and frequency band.
The apparatus of any of claims 37-38, wherein the adjacent sectors include the
allocated antenna sector and the allocated frequency band and another antenna
sector and another frequency band, wherein the allocated frequency band and the

other frequency band operate at different cellular frequencies, and wherein the
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allocated antenna sector and the other antenna sector intersect at the midpoint
comprising 30 degrees.

40. The apparatus of claim 41, wherein the allocated antenna sector and the other

antenna sector are spaced by 60 degrees.

41. The apparatus of any of claims 37-40, wherein the base station comprises an

antenna array having a sector pattern including the allocated antenna sector and the other

antenna sector spaced by 60 degrees.

42, The apparatus of claim 41, wherein the sector pattern includes six sectors

spaced at 60 degrees between each sectors, wherein any of the adjacent sectors operate at

different frequencies.

43.  The apparatus of claim 41, wherein the sector pattern is fixed at a given base
station.

44.  The apparatus of any of claims 37-43, wherein the apparatus is further configured
to at least determine the allocation to enable formation of a beam in a direction
covering the user equipment.

45.  The apparatus of any of claims 37-44, wherein the midpoint varies by plus or
minus 1 degree.

46. A non-transitory computer-readable storage medium including program code

which when executed by at least one processor causes operations comprising:
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means for receiving, at a base station, information comprising at least one
of a channel quality indicator measured by a user equipment or a location of the
user equipment; and

means for sending, by the base station, an allocation to the user
equipment, wherein the allocation includes an antenna sector and a frequency
band, wherein the allocation is based on the received information, wherein the
allocation is selected from a plurality of sectors, wherein adjacent sectors in the
plurality of sectors operate at different frequencies and intersect at a midpoint to
enable a reduction in interference among the adjacent sectors.
An apparatus comprising:

means for receiving, at the apparatus, information comprising at least one
of a channel quality indicator measured by a user equipment or a location of the
user equipment; and

means for sending, by the apparatus, an allocation to the user equipment,
wherein the allocation includes an antenna sector and a frequency band, wherein
the allocation is based on the received information, wherein the allocation is
selected from a plurality of sectors, wherein adjacent sectors in the plurality of
sectors operate at different frequencies and intersect at a midpoint to enable a
reduction in interference among the adjacent sectors.
The apparatus of claim 45, wherein the apparatus further comprises means for

performing any of claims 28-36.
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