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OPTIMIZING CELL TRAFFIC LOAD AND INTERFERENCE THROUGH HIGH
INTERFERENCE INDICATORS

BACKGROUND

[0001] Unless otherwise indicated herein, the materials described in this section
are not prior art to the claims in this application and are not admitted to be prior art
by inclusion in this section.

[0002] Cellular telephone systems are typically pushed to their capacity limits.
“Hotspots” (overcrowded cell sites) occur frequently and are difficult to mitigate
because they are transient. For example, a downtown area may be a hotspot on a
Monday morning, but on a Sunday afternoon the hotspot may be near the little
league baseball fields. Subdividing the hotspot and routing traffic to multiple
neighboring sites is one approach to increase capacity. However, this is an
expensive option, as it leaves any cells that are not currently hotspots with lots of
expensive extra capability. Also, much of the challenge with hotspots has to do with
providing wireless service to end user equipment (EUs) on the edge of the “hot” cell
site due to interference so making all the towers stronger only raises potential
interference magnitude.

[0003] One approach to meet demand within commercially reasonable budgets
is to use relays to relay wireless traffic out of hotspots into neighboring cells or to
relay edge traffic closer in to a servicing base station. Traditionally, relays have
been fairly simple analog “receive and amplify” devices, which receive a signal and
transmit it on to a base station. More sophisticated relays may perform error
correction, decoding, or other services traditionally provided by the base station.
Some standards such as the latest revision of the mobile network standard LTE
(Long Term Evolution) has built-in definitions that allow even relatively simple mobile
devices to serve as forwarding relays. Relays, however, often operate at lower
power than base stations, have less sophisticated antennas, and/or have a less
advantageous vantage relative to the surrounding terrain.

[0004] The present disclosure appreciates that there are several limitations with

current cellular network technologies. For example, relays are more likely to be
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subject to interference from neighboring base stations. Thus, attempts to reduce
interference experienced by relays by trying to use more power may not be an
optimal approach for cellular networks.

SUMMARY

[0005] The present disclosure generally describes techniques for optimizing cell
traffic load and interference. In some examples, a method for optimizing cell traffic
load and interference is described. An example method may include determining
resource allocations for communication between an end device and a relay device at
a first base station in a first network cell; determining whether any of the resource
allocations meet one or more criteria for alerting a second base station in a
neighboring second network cell; and transmitting an alert signal from the first base
station to the second base station indicating the resource for communication is
allocated if at least one of the criteria is met.

[0006] In other examples, a base station capable of optimizing cell traffic load
and interference based on communications between end devices and relay devices
within its network cell is described. An example system may include a
communication module for communicating with the end devices and relay devices
and a processor coupled to the communication module. The processor may
determine resource allocations for communication between an end device and a
relay device in the base station’s network cell; determine whether any of the
resource allocations meet one or more criteria for alerting a second base station in a
neighboring network cell; and transmit an alert signal to the second base station
indicating the resource for communication is allocated if at least one of the criteria is
met.

[0007] In further examples, a wireless communication network capable of
optimizing cell traffic load and interference based on communications between end
devices and relay devices within a network cell is described. An example network
may include a plurality of relay devices configured to relay communications from end
devices within a proximity of the relay devices to corresponding base stations and a
plurality of base stations. Each base station may determine resource allocations for
communication between an end device and a relay device in the base station’s

network cell; determine whether any of the resource allocations meet one or more
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criteria for alerting a second base station in a neighboring network cell; and transmit
an alert signal to the second base station indicating the resource for communication
is allocated if at least one of the criteria is met.

[0008] In yet other examples, a computer-readable storage medium with
instructions stored thereon for optimizing cell traffic load and interference is
described. The instructions may cause a method to be performed when executed,
where the method includes determining resource allocations for communication
between an end device and a relay device at a first base station in a first network
cell; determining whether any of the resource allocations meet one or more criteria
for alerting a second base station in a neighboring second network cell; and
transmitting an alert signal from the first base station to the second base station
indicating the resource for communication is allocated if at least one of the criteria is
met.

[0009] The foregoing summary is illustrative only and is not intended to be in
any way limiting. In addition to the illustrative aspects, embodiments, and features
described above, further aspects, embodiments, and features will become apparent

by reference to the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The below described and other features of this disclosure will become
more fully apparent from the following description and appended claims, taken in
conjunction with the accompanying drawings. Understanding that these drawings
depict only several embodiments in accordance with the disclosure and are,
therefore, not to be considered limiting of its scope, the disclosure will be described
with additional specificity and detail through use of the accompanying drawings, in
which:

FIG. 1 is a diagram of an illustrative example cellular communication system,
where relay devices may be used to facilitate a portion of the communications
between base stations and end devices;

FIG. 2 illustrates two cells of an example cellular communication system,

where a base station may communicate resources employed in cell-edge relay-end
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device communications to a neighboring base station to prevent interference from
the neighboring cell;

FIG. 3 illustrates conceptually prevention of neighboring cell interference by
communication between base stations about resource allocation for communications
between end devices and relay devices;

FIG. 4 illustrates a general purpose computing device, which may be used to
implement cell traffic load and interference optimization through high interference
indicators;

FIG. 5 illustrates a special purpose processor, which may be used to
implement cell traffic load and interference optimization through high interference
indicators;

FIG. 6 is a flow diagram illustrating an example method for employing high
interference indicators and overload indicators to reduce neighboring cell
interference that may be performed by a computing device such as device 400 in
FIG. 4 or a special purpose processor such as processor 590 of FIG. 5; and

FIG. 7 illustrates a block diagram of an example computer program product
for implementing cell traffic load and interference optimization through high
interference indicators;

all arranged in accordance with at least some embodiments described herein.

DETAILED DESCRIPTION

[0011] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof. In the drawings, similar symbols
typically identify similar components, unless context dictates otherwise. The
illustrative embodiments described in the detailed description, drawings, and claims
are not meant to be limiting. Other embodiments may be utilized, and other changes
may be made, without departing from the spirit or scope of the subject matter
presented herein. It will be readily understood that the aspects of the present
disclosure, as generally described herein, and illustrated in the Figures, can be
arranged, substituted, combined, separated, and designed in a wide variety of

different configurations, all of which are explicitly contemplated herein.
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[0012] This disclosure is generally drawn, inter alia, to methods, apparatus,
systems, devices, and/or computer program products related to implementing cell
traffic load and interference optimization through high interference indicators in
cellular and comparable networks.

[0013] Briefly stated, embodiments are directed to alleviating inter-cell
interference experienced by relays in wireless networks such as cellular systems that
rely on relays to facilitate some communication between end user devices and base
stations (BTSs). A BTS serving a relay may gather information on resource blocks
being used to communicate between the relay and an end user. Then, the BTS may
send interference indication signals such as High Interference Indicators (HII) or
related signals on behalf of sub-communications executed by entities within the cell.
Another BTS of a neighboring cell receiving the signals may avoid scheduling on
those resource blocks, if possible, thereby relieving the relay link from potentially
significant interference.

[0014] FIG. 1 is a diagram of an illustrative example cellular communication
system, where relay devices may be used to facilitate a portion of the
communications between base stations and end devices arranged in accordance
with at least some embodiments described herein.

[0015] Some wireless communication networks, specifically cellular
communication systems employ “cells” as the network infrastructure. Each cell is
typically served by a base station (BTS) that enables end user devices (EUs) to
communicate wirelessly with other EUs within the same cell, in other cells, and in
other systems (e.g., landline phones, data networks, etc.). Diagram 100 illustrates
and example cellular system where the first cell 102 is served by BTS 106 and
includes EUs 108, 110, 114, and 116. The neighboring second cell 104 is served by
BTS 118 with EUs 120 and 122.

[0016] The EUs may include, but are not limited to, stationary communication
devices, cellular phones, smart phones, portable computing devices with wireless
communication capability, vehicle mount communication devices, and similar ones.
In some scenarios, a relay device 112 may be employed to facilitate communication
between one or more EUs (e.g., EUs 114 and 116) and their base station (e.g., BTS

106). For example, when the wireless signal is weak in a particular location due to
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interference, geographic structure, manmade obstructions, etc., a relay device may
assist in establishing a reliable link between the base station and the EUs.

[0017] In addition to communicating with the EUs, the BTSs may also
communicate with other BTSs and/or network management devices (controllers,
etc.) exchanging control signals such as inter-cell interference control (ICIC) signals.
A system according to embodiments employs ICIC signals between BTSs to alert a
neighboring BTS about communications between one or more EUs and a relay such
that resource blocks to be used by those are not used by the neighboring cell
reducing interference on the relay — EU communications without a need to increase
transmission power or take similar measures that may be costly or impractical in
some cases.

[0018] FIG. 2 illustrates two cells of an example cellular communication system,
where a base station may communicate resources employed in cell-edge relay-end
device communications to a neighboring base station to prevent interference from
the neighboring cell arranged in accordance with at least some embodiments
described herein. A system according to embodiments employs signals that may
already exist network communication standards (such as LTE standard) but have not
been used previously to protect communications by entities within a cell that are not
talking directly to a base station. Base station high interference indicator (HIl) and/or
overload indicator (Ol) messages may be used on behalf of communications, in
which the base station is not a direct participant. Thus, interference may be reduced
for relay communications that may be between lower-power devices with less-
advanced antennas, thus making relaying more efficient, less costly, and ultimately a
practical method for eliminating hotspots.

[0019] Neighboring base stations in advanced networks coordinate spectrum
use to reduce interference along their edges. Spectrum coordination in some
standardized communications may include exchange of ICIC signals between base
stations. ICIC signals may include HIl and/or Ol signals through a defined interface
such as the X2 interface (also known as the "X2 command layer"). The X2 interface
may physically be a wireline, fixed microwave, or other connection between two base
stations — a connection which does not use the scarce spectrum allocated for

communication with EUs. HIl may be sent to indicate the base station's intention to
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schedule cell-edge EUs on specific resource blocks (RBs), which may be thought of
as spectrum chunks. Ol may be sent to indicate excessive interference in an RB.

[0020] Advanced cellular wireless systems, such as Evolved Universal Mobile
Telecommunications System Terrestrial Radio Access Network (eUTRAN), Long
Term Evolution (LTE), and LTE-Advanced systems include base stations such as
BTS 206 and BTS 218 in diagram 200, and relays, such as relay 212. The BTSs
provide wireless service to users they are connected to. In the example
configuration of diagram 200, BTS 206 is providing service to relay 212 and EU 208
in cell 202 while BTS218 is providing service to EU 222 in cell 204. The relays, such
as relay 212, receive communications from EUs (e.g., EU 214) and relay the
communications on to a BTS. The relays may provide other services such as error-
correction, transcoding, or other services traditionally provided by BTS. Relay 212
may be specialized equipment or just a user cell phone which is also providing a
relay function, possibly without even notifying the user. As shown in diagram 200,
BTS 218’s communications with EU 222 have the potential to interfere with EU 214's
communications with relay 212.

[0021] BTS 206 may inform BTS 218 via an HIl signal 232 (and/or an Ol signal
234) so that BTS 218 does not transmit potentially interfering radio frequency signals
to other end users in the direction of EU 222 in a resource block, which BTS 206
intends to assign to EU 214. The control signals may be part of a standard such as
the LTE specification. In cases of a simple store and forward, for example, the EU
and relay may engage in resource block (RB) allocation using the same standards
as the BTS uses to communicate with EU. Those allocation messages may be
forwarded along with the others to the BTS, although an identification block 1D would
normally cause the BTS to ignore them. By recognizing that the ID block is that of
the relay which the BTS is servicing, the BTS can ascertain the RBs that the relay
and EU will be using and the BTS may be able to send HIl and/or Ol signals on their
behalf. If the relay is acting as a repeater (no storage), the BTS may have the
resource block information as well and may only need to adjust the timing for the
relay delay.

[0022] FIG. 3 illustrates conceptually prevention of neighboring cell interference

by communication between base stations about resource allocation for
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communications between end devices and relay devices arranged in accordance
with at least some embodiments described herein.

[0023] Diagram 300 illustrates three main phases in an example scenario
according to some examples. In the first phase, BTS 306 of cell 302 services a
number of EUs and relay 312, which itself may service a number of other EUs. BTS
318 in neighboring cell 304 also services a number of EUs, among them EU 342.
EU 342’s communication with BTS 318 (344) may potentially interfere with the
communication between relay 312 and its EUs. Thus, in the second phase of the
example scenario, BTS 306 of cell 302 determines resource block allocations for the
communication between relay 312 and its EUs, and sends an Hll or Ol signal 346 to
BTS 318 of cell 304 alerting BTS 318 that the indicated resource blocks are/will be
used within cell 302.

[0024] In the third phase of the example scenario, BTS 318 recognizes that the
indicated resource blocks are in use at the edge of the neighboring cell and uses
other resource blocks for its communication 348 with EU 342, thereby avoiding
interference to the communication between relay 312 and its EUs in the neighboring
cell.

[0025] In some embodiments, existing X2 interface may be used to send new
HIl signals on behalf of subsidiary communications between a relay and an EU using
the relay. These new signals may be indistinguishable from existing base-station
traffic Hlls from the point of view of the receiving base station allowing backwards
compatibility for existing equipment while enhancing the operating environment for
relays. Relay traffic resource block (RB) allocation can be determined through
relayed requests that have the ID of the relay for forwarding relays or via explicit
control signals for more advanced relays.

[0026] As indicated above, both the existing and the new ICIC signaling
between neighboring base stations may take place through the existing X2 interface.
The existing ICIC signaling may include an HIl sent by BTS 306 to indicate the RBs
which BTS 306 intends to allocate for use in the BTS 306 — relay 312 communication
session. This information may allow BTS 318 to allocate different non-interfering
RBs for use in the BTS 318 — EU 342 communication session, to the extent that the

BTS 318 — EU 342 communication session may even interfere with the BTS 306 —
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relay 312 communication session. However, the existing ICIC signaling does not
include information regarding which RBs have been or will be allocated to the
communication session between the relay 312 and its EUs, despite the fact that the
relay — EU communication session is closer to BTS 318 and is more likely to be
subject to interference by the BTS 318 — EU 342 communication session. By using
the ICIC signaling between base stations to indicate resource block allocations
between relay — EU communications, the potential interference from the neighboring
cell may be reduced or avoided without having to modify relay or EU configurations.

[0027] Embodiments may be implemented via combinations of hardware and
software components. The software components may include existing or new ICIC or
similar signaling systems, proposed to communicate information regarding EU —
relay communication sessions. Moreover, embodiments are not limited to cellular
phone systems, but may be implemented in any wireless network system that
employs a cellular infrastructure with control communications between base stations.

[0028] While embodiments have been discussed above using specific
examples, components, scenarios, and configurations in FIG. 1 through FIG. 3, they
are intended to provide a general guideline to be used for implementing cell traffic
load and interference optimization through high interference indicators. These
examples do not constitute a limitation on the embodiments, which may be
implements using other components, optimization schemes, and configurations
using the principles described herein. For example, other algorithms may be
implemented than those provided as example for determining if any resource block
allocations meet a criterion for sending an inter-cell interference control signal, and
the like.

[0029] FIG. 4 illustrates a general purpose computing device, which may be
used to implement cell traffic load and interference optimization through high
interference indicators in accordance with at least some embodiments described
herein. In a very basic configuration 402, computing device 400 typically includes
one or more processors 404 and a system memory 406. A memory bus 408 may be
used for communicating between processor 404 and system memory 406.

[0030] Depending on the desired configuration, processor 404 may be of any

type including but not limited to a microprocessor (uP), a microcontroller (UC), a
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digital signal processor (DSP), or any combination thereof. Processor 404 may
include one more levels of caching, such as a level cache memory 412, a processor
core 414, and registers 416. Example processor core 414 may include an arithmetic
logic unit (ALU), a floating point unit (FPU), a digital signal processing core (DSP
Core), or any combination thereof. An example memory controller 418 may also be
used with processor 404, or in some implementations memory controller 414 may be
an internal part of processor 404.

[0031] Depending on the desired configuration, system memory 406 may be of
any type including but not limited to volatile memory (such as RAM), non-volatile
memory (such as ROM, flash memory, etc.) or any combination thereof. System
memory 406 may include an operating system 420, one or more communication
applications 422, and program data 424. Communication application 422 may
include a relay control module 426 that is arranged to gather information on resource
blocks being used to communicate between a relay and an end user. Then, the
communication application 422 may send interference indication signals such as
High Interference Indicators (HII) or related signals on behalf of sub-communications
executed by entities within the cell. Another communication application of a
neighboring cell base station receiving the signals may avoid scheduling on those
resource blocks, if possible, thereby relieving the relay link from potentially significant
interference and any other processes, as discussed above. Program data 424 may
include one or more of resource allocation data 428 (e.g. frequencies of available
channels, active end users, etc.) and similar data as discussed above in conjunction
with at least FIG. 1 through 3. This data may be useful for mitigating inter-cell
interference as is described herein. In some embodiments, communication
application 422 may be arranged to operate with program data 424 on operating
system 420 such that traffic load is optimized as described herein. This described
basic configuration 402 is illustrated in FIG. 4 by those components within the inner
dashed line.

[0032] Computing device 400 may have additional features or functionality, and
additional interfaces to facilitate communications between basic configuration 402
and any required devices and interfaces. For example, a bus/interface controller 430

may be used to facilitate communications between basic configuration 402 and one
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or more data storage devices 432 via a storage interface bus 434. Data storage
devices 432 may be removable storage devices 436, non-removable storage devices
438, or a combination thereof. Examples of removable storage and non-removable
storage devices include magnetic disk devices such as flexible disk drives and hard-
disk drives (HDD), optical disk drives such as compact disk (CD) drives or digital
versatile disk (DVD) drives, solid state drives (SSD), and tape drives to name a few.
Example computer storage media may include volatile and nonvolatile, removable
and non-removable media implemented in any method or technology for storage of
information, such as computer readable instructions, data structures, program
modules, or other data.

[0033] System memory 406, removable storage devices 436 and non-removable
storage devices 438 are examples of computer storage media. Computer storage
media includes, but is not limited to, RAM, ROM, EEPROM, flash memory or other
memory technology, CD-ROM, digital versatile disks (DVD) or other optical storage,
magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage
devices, or any other medium which may be used to store the desired information
and which may be accessed by computing device 400. Any such computer storage
media may be part of computing device 400.

[0034] Computing device 400 may also include an interface bus 440 for
facilitating communication from various interface devices (e.g., output devices 442,
peripheral interfaces 444, and communication devices 466 to basic configuration 402
via bus/interface controller 430. Example output devices 442 include a graphics
processing unit 448 and an audio processing unit 440, which may be configured to
communicate to various external devices such as a display or speakers via one or
more A/V ports 442. Example peripheral interfaces 444 include a serial interface
controller 444 or a parallel interface controller 446, which may be configured to
communicate with external devices such as input devices (e.g., keyboard, mouse,
pen, voice input device, touch input device, etc.) or other peripheral devices (e.g.,
printer, scanner, etc.) via one or more 1/O ports 448. An example communication
device 466 includes a network controller 460, which may be arranged to facilitate
communications with one or more other computing devices 462 over a network

communication link via one or more communication ports 464.

11



WO 2012/148414 PCT/US2011/034498

[0035] The network communication link may be one example of a
communication media. Communication media may typically be embodied by
computer readable instructions, data structures, program modules, or other data in a
modulated data signal, such as a carrier wave or other transport mechanism, and
may include any information delivery media. A “modulated data signal” may be a
signal that has one or more of its characteristics set or changed in such a manner as
to encode information in the signal. By way of example, and not limitation,
communication media may include wired media such as a wired network or direct-
wired connection, and wireless media such as acoustic, radio frequency (RF),
microwave, infrared (IR) and other wireless media. The term computer readable
media as used herein may include both storage media and communication media.

[0036] Computing device 400 may be implemented as a portion of a physical
server, virtual server, a computing cloud, or a hybrid device that include any of the
above functions. Computing device 400 may also be implemented as a personal
computer including both laptop computer and non-laptop computer configurations.
Moreover computing device 400 may be implemented as a networked system or as
part of a general purpose or specialized server.

[0037] Networks for a networked system including computing device 400 may
comprise any topology of servers, clients, switches, routers, modems, Internet
service providers, and any appropriate communication media (e.g., wired or wireless
communications). A system according to embodiments may have a static or
dynamic network topology. The networks may include a secure network such as an
enterprise network (e.g., a LAN, WAN, or WLAN), an unsecure network such as a
wireless open network (e.g., IEEE 802.11 wireless networks), or a world-wide
network such (e.g., the Internet). The networks may also comprise a plurality of
distinct networks that are adapted to operate together. Such networks are
configured to provide communication between the nodes described herein. By way
of example, and not limitation, these networks may include wireless media such as
acoustic, RF, infrared and other wireless media. Furthermore, the networks may be
portions of the same network or separate networks.

[0038] FIG. 5 illustrates a special purpose processor, which may be used to

implement cell traffic load and interference optimization through high interference
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indicators in accordance with at least some embodiments described herein.
Processor 590 in diagram 500 may be part of a computing device that is
communicatively coupled to one or more relays 580, which may facilitate
communication with end user devices through network(s) 510-2. Processor 590 may
also communicate with data source 560 storing network related information.
Processor 590 may be part of a control system of a base station and facilitate
communication with other base stations 550 through network(s) 510-1 for
coordinating network communications such as exchanging inter-cell interference
control (ICl) signals.

[0039] Processor 590 may include a number of processing modules such as
relay control module 596. Resource allocation data 592 and end device data 594
may be used by processor 590 in conjunction with relay control module 596 for
determining if any resource block allocations between end user devices and relays
meet criteria for sending an ICIC signal to a neighboring base station and if so,
sending the ICIC signal such that the neighboring base station can minimize
interference for the relay that is being used. Resource allocation data 592 and end
device data 594 may be stored during processing in memory 591, which may be a
cache memory of the processor 590 or in an external memory (e.g., memory external
to processor 590).

[0040] Example embodiments may also include methods. These methods can
be implemented in any number of ways, including the structures described herein.
One such way is by machine operations, of devices of the type described in the
present disclosure. Another optional way is for one or more of the individual
operations of the methods to be performed in conjunction with one or more human
operators performing some of the operations while other operations are performed
by machines. These human operators need not be collocated with each other, but
each can be only with a machine that performs a portion of the program. In other
examples, the human interaction can be automated such as by pre-selected criteria
that are machine automated.

[0041] FIG. 6 is a flow diagram illustrating an example method for employing
high interference indicators and overload indicators to reduce neighboring cell

interference that may be performed by a computing device such as device 400 in
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FIG. 4 or a special purpose processor such as processor 590 of FIG. 5. Thus,
controller device 610 may be embodied as computing device 400, special purpose
processor 590, or similar devices executing instructions stored in computer-readable
medium 620 for performing the method. A process of optimizing cell traffic load and
interference through high interference indicators may include one or more
operations, functions or actions as is illustrated by one or more of blocks 622, 624,
and/or 626.

[0042] Some example processes may begin with operation 622, “DETERMINE
RESOURCE ALLOCATIONS BETWEEN RELAY(S) AND END DEVICE(S)". At
operation 622, a base station may gather information on resource blocks being used
to communicate between a relay and an end user device within its cell. Operation
622 may be followed by decision operation 624, “CRITERIA FOR ALERT MET?” At
decision operation 624, the processor (e.g. processor 590) may make a
determination whether any of the resource block allocations between EUs and relays
meet the criteria for sending an ICIC signal to a neighboring BTS. If the criteria are
not met, the processor may continue gathering information on resource block
allocations.

[0043] If the criteria for sending an ICIC signal to a neighboring BTS are
determined to be met at operation 624, the processor may send one or more
interference indication signals such as High Interference Indicators (HIl), overload
indicators (Ol), or related signals on behalf of sub-communications executed by
entities within the cell at operation 626, “TRANSMIT ALERT TO NEIGHBORING
BASE STATION.” Another BTS of a neighboring cell receiving the signals may avoid
scheduling on those resource blocks, if possible, thereby relieving the relay link from
potentially significant interference.

[0044] The operations included in the process of FIG. 6 described above are for
illustration purposes. Implementing cell traffic load and interference optimization
through high interference indicators may be implemented by similar processes with
fewer or additional operations. In some examples, the operations may be performed
in a different order. In some other examples, various operations may be eliminated.
In still other examples, various operations may be divided into additional operations,

or combined together into fewer operations. Although illustrated as sequentially
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ordered operations, in some implementations the various operations may be
performed in a different order, or in some cases various operations may be
performed at substantially the same time.

[0045] FIG. 7 illustrates a block diagram of an example computer program
product to be used for implementing cell traffic load and interference optimization
through high interference indicators in accordance with at least some embodiments
described herein. In some examples, as shown in FIG. 7, computer program product
700 may include a signal bearing medium 702 that may also include machine
readable instructions 704 that, when executed by, for example, a processor, may
provide the functionality described above with respect to FIG 1 through FIG. 3.

Thus, for example, referring to processor 590, one or more of the tasks shown in
FIG. 7 may be undertaken in response to instructions 704 conveyed to the processor
590 by medium 702 to perform actions associated with optimizing cell traffic load and
interference through high interference indicators as described herein. Some of those
instructions may include determining resource allocations and alerting a neighboring
base station using one or more algorithms as described previously.

[0046] In some implementations, signal bearing medium 702 depicted in FIG. 7
may encompass a computer-readable medium 706, such as, but not limited to, a
hard disk drive, a Compact Disc (CD), a Digital Versatile Disk (DVD), a digital tape,
memory, etc. In some implementations, signal bearing medium 702 may encompass
a recordable medium 708, such as, but not limited to, memory, read/write (R/W)
CDs, R/W DVDs, etc. In some implementations, signal bearing medium 702 may
encompass a communications medium 710, such as, but not limited to, a digital
and/or an analog communication medium (e.g., a fiber optic cable, a waveguide, a
wired communications link, a wireless communication link, etc.). Thus, for example,
computer program product 700 may be conveyed to the processor 704 by an RF
signal bearing medium 702, where the signal bearing medium 702 is conveyed by a
wireless communications medium 710 (e.g., a wireless communications medium
conforming with the IEEE 802.11 standard).

[0047] The present disclosure generally describes techniques for optimizing cell
traffic load and interference. In some examples, a method for optimizing cell traffic

load and interference is described. An example method may include determining
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resource allocations for communication between an end device and a relay device at
a first base station in a first network cell; determining whether any of the resource
allocations meet one or more criteria for alerting a second base station in a
neighboring second network cell; and transmitting an alert signal from the first base
station to the second base station indicating the resource for communication is
allocated if at least one of the criteria is met.

[0048] The method may further include determining the resource allocations
based on information received from the relay device within the first network cell
and/or determining the resource allocations assigning resource blocks to the
communication between the end device and the relay device within the first network
cell at the first base station. The end device and the relay device may employ the
same standard for resource allocation as the first base station uses to communicate
with end device, and a resource allocation message may be forwarded along with
other communications to the first base station. The first base station may ascertain
the resource allocations to be used by the relay device and the end device by
recognizing an identifier block in the resource allocation message as belonging to
the relay device associated with the first base station.

[0049] According to other examples, the method may also include adjusting a
timing of a relay device delay at the first base station if the relay device is acting as a
repeater and/or transmitting the alert signal from the first base station to the second
base station employing inter-cell interference control (ICIC) protocol in a cellular
network. The alert signal may include at least one of a high interference indicator
(HIl) and/or an overload indicator (Ol), where the HIl indicates the first base station’s
intent to schedule a cell-edge end device on specific resource blocks and the Ol
indicates excessive interference in a specific resource block.

[0050] According to further examples, the method may include transmitting the
alert signal from the first base station to the second base station through a
communication channel other than a cellular communication channel used by the
base stations to communicate with end devices. The alert signal may be transmitted
from the first base station to the second base station via an X2 command layer
interface, where the X2 interface includes a wired connection or a fixed microwave

connection between the first and second base stations. The end device may include
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a cellular phone, a smart phone, a computing device equipped with cellular
communication capability, or a specialized device equipped with cellular
communication capability. The relay device may include a special purpose relay
device or an end device configured to act as a relay in addition to providing
communication services to a user. The end device configured to act as a relay may
provide the relay services in a transparent manner to the user. Moreover, the first
and second base stations may be part of one of a eUTRAN network, an LTE
network, and an LTE-Advanced network.

[0051] In other examples, a controller for a base station capable of optimizing
cell traffic load and interference based on communications between end devices and
relay devices within its network cell is described. An example controller may include
a communication module for communicating with the end devices and relay devices
and a processor coupled to the communication module. The processor may
determine resource allocations for communication between an end device and a
relay device in the base station’s network cell; determine whether any of the
resource allocations meet one or more criteria for alerting a second base station in a
neighboring network cell; and transmit an alert signal to the second base station
indicating the resource for communication is allocated if at least one of the criteria is
met.

[0052] The processor may also determine the resource allocations based on
information received from the relay device within the base station’s network cell
and/or determine the resource allocations by assigning resource blocks to the
communication between the end device and the relay device within the base
station’s network cell at the base station. The end device and the relay device may
employ the same standard for resource allocation as the base station uses to
communicate with end device, and a resource allocation message may be forwarded
along with other communications to the base station from the relay device. The base
station may ascertain the resource allocations to be used by the relay device and the
end device by recognizing an identifier block in the resource allocation message as
belonging to the relay device associated with the base station.

[0053] According to some examples, the processor may further adjust a timing

of a relay device delay at the base station if the relay device is acting as a repeater
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and/or transmit the alert signal to the second base station employing inter-cell
interference control (ICIC) protocol in a cellular network. The alert signal may
include at least one of a high interference indicator (HIl) and/or an overload indicator
(Ql), the HIl indicating the base station’s intent to schedule a cell-edge end device on
specific resource blocks and the Ol indicating excessive interference in a specific
resource block.

[0054] According to further examples, the processor may transmit the alert
signal to the second base station through a communication channel other than a
cellular communication channel used by the base stations to communicate with the
end devices. The alert signal may be transmitted to the second base station via an
X2 command layer interface that includes one of a wired connection and a fixed
microwave connection between the base stations. The relay device may be
configured to perform at least one from a set of: relaying communications from end
devices to the base station, storing at least a portion of the relayed communications,
storing one or more parameters associated with the relayed communications, error
correction, and/or transcoding. The controller may be integrated into a base station
that is part of a eUTRAN network, an LTE network, or an LTE-Advanced network.

[0055] In further examples, a wireless communication network capable of
optimizing cell traffic load and interference based on communications between end
devices and relay devices within a network cell is described. An example network
may include a plurality of relay devices configured to relay communications from end
devices within a proximity of the relay devices to corresponding base stations and a
plurality of base stations. Each base station may determine resource allocations for
communication between an end device and a relay device in the base station’s
network cell; determine whether any of the resource allocations meet one or more
criteria for alerting a second base station in a neighboring network cell; and transmit
an alert signal to the second base station indicating the resource for communication
is allocated if at least one of the criteria is met.

[0056] Each base station may further determine the resource allocations when a
communication occurs between the end device and the relay device within the base
station’s network cell and/or determine the resource allocations when a

communication between the end device and the relay device within the base
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station’s network cell is about to be relayed to the base station. The end devices
and the relay devices may employ the same standard for resource allocation as the
base stations use to communicate with end devices, and a resource allocation
message is forwarded along with other communications to the corresponding base
stations from the relay devices. The base stations may ascertain the resource
allocations to be used by the relay devices and the end devices by recognizing an
identifier block in the resource allocation message as belonging to a relay device
associated with a corresponding base station.

[0057] According to some examples, each base station may further adjust a
timing of a relay device delay if the relay device is acting as a repeater and/or
transmit the alert signal to the second base station employing inter-cell interference
control (ICIC) protocol. The alert signal may include at least one of a high
interference indicator (HIl) and/or an overload indicator (Ol), the HIl indicating a base
station’s intent to schedule a cell-edge end device on specific resource blocks and
the Ol indicating excessive interference in a specific resource block. Each base
station may also transmit the alert signal to the second base station through a
communication channel other than a cellular communication channel used by the
base stations to communicate with the end devices.

[0058] In yet other examples, a computer-readable storage medium with
instructions stored thereon for optimizing cell traffic load and interference is
described. The instructions may cause a method to be performed when executed,
where the method includes determining resource allocations for communication
between an end device and a relay device at a first base station in a first network
cell; determining whether any of the resource allocations meet one or more criteria
for alerting a second base station in a neighboring second network cell; and
transmitting an alert signal from the first base station to the second base station
indicating the resource for communication is allocated if at least one of the criteria is
met.

[0059] The method may further include determining the resource allocations
based on information received from the relay device within the first network cell
and/or determining the resource allocations by assigning resource blocks to the
communication between the end device and the relay device within the first network
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cell at the first base station. The end device and the relay device may employ the
same standard for resource allocation as the first base station uses to communicate
with end device, and a resource allocation message may be forwarded along with
other communications to the first base station. The first base station may ascertain
the resource allocations to be used by the relay device and the end device by
recognizing an identifier block in the resource allocation message as belonging to
the relay device associated with the first base station.

[0060] According to some examples, the method may also include adjusting a
timing of a relay device delay at the first base station if the relay device is acting as a
repeater and/or transmitting the alert signal from the first base station to the second
base station employing inter-cell interference control (ICIC) protocol in a cellular
network. The alert signal may include at least one of a high interference indicator
(HIl) and/or an overload indicator (Ol), where the HIl indicates the first base station’s
intent to schedule a cell-edge end device on specific resource blocks and the Ol
indicates excessive interference in a specific resource block.

[0061] The method may further include transmitting the alert signal from the first
base station to the second base station through a communication channel other than
a cellular communication channel used by the base stations to communicate with
end devices. The alert signal may be transmitted from the first base station to the
second base station via an X2 command layer interface, where the X2 interface
includes a wired connection or a fixed microwave connection between the first and
second base stations.

[0062] There is little distinction left between hardware and software
implementations of aspects of systems; the use of hardware or software is generally
(but not always, in that in certain contexts the choice between hardware and
software may become significant) a design choice representing cost vs. efficiency
tradeoffs. There are various vehicles by which processes and/or systems and/or
other technologies described herein may be effected (e.g., hardware, software,
and/or firmware), and that the preferred vehicle will vary with the context in which the
processes and/or systems and/or other technologies are deployed. For example, if
an implementer determines that speed and accuracy are paramount, the

implementer may opt for a mainly hardware and/or firmware vehicle; if flexibility is
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paramount, the implementer may opt for a mainly software implementation; or, yet
again alternatively, the implementer may opt for some combination of hardware,
software, and/or firmware.

[0063] The foregoing detailed description has set forth various embodiments of
the devices and/or processes via the use of block diagrams, flowcharts, and/or
examples. Insofar as such block diagrams, flowcharts, and/or examples contain one
or more functions and/or operations, it will be understood by those within the art that
each function and/or operation within such block diagrams, flowcharts, or examples
may be implemented, individually and/or collectively, by a wide range of hardware,
software, firmware, or virtually any combination thereof. In one embodiment, several
portions of the subject matter described herein may be implemented via Application
Specific Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs),
digital signal processors (DSPs), or other integrated formats. However, those skilled
in the art will recognize that some aspects of the embodiments disclosed herein, in
whole or in part, may be equivalently implemented in integrated circuits, as one or
more computer programs running on one or more computers (e.g., as one or more
programs running on one or more computer systems), as one or more programs
running on one or more processors (e.g. as one or more programs running on one or
more microprocessors), as firmware, or as virtually any combination thereof, and that
designing the circuitry and/or writing the code for the software and or firmware would
be well within the skill of one of skill in the art in light of this disclosure.

[0064] The present disclosure is not to be limited in terms of the particular
embodiments described in this application, which are intended as illustrations of
various aspects. Many modifications and variations can be made without departing
from its spirit and scope, as will be apparent to those skilled in the art. Functionally
equivalent methods and apparatuses within the scope of the disclosure, in addition
to those enumerated herein, will be apparent to those skilled in the art from the
foregoing descriptions. Such modifications and variations are intended to fall within
the scope of the appended claims. The present disclosure is to be limited only by
the terms of the appended claims, along with the full scope of equivalents to which
such claims are entitled. Itis to be understood that this disclosure is not limited to

particular methods, systems, or components, which can, of course, vary. Itis also to
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be understood that the terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to be limiting.

[0065] In addition, those skilled in the art will appreciate that the mechanisms of
the subject matter described herein are capable of being distributed as a program
product in a variety of forms, and that an illustrative embodiment of the subject
matter described herein applies regardless of the particular type of signal bearing
medium used to actually carry out the distribution. Examples of a signal bearing
medium include, but are not limited to, the following: a recordable type medium such
as a floppy disk, a hard disk drive, a Compact Disc (CD), a Digital Versatile Disk
(DVD), a digital tape, a computer memory, etc.; and a transmission type medium
such as a digital and/or an analog communication medium (e.g., a fiber optic cable, a
waveguide, a wired communications link, a wireless communication link, etc.).

[0066] Those skilled in the art will recognize that it is common within the art to
describe devices and/or processes in the fashion set forth herein, and thereafter use
engineering practices to integrate such described devices and/or processes into data
processing systems. That is, at least a portion of the devices and/or processes
described herein may be integrated into a data processing system via a reasonable
amount of experimentation. Those having skill in the art will recognize that a typical
data processing system generally includes one or more of a system unit housing, a
video display device, a memory such as volatile and non-volatile memory,
processors such as microprocessors and digital signal processors, computational
entities such as operating systems, drivers, graphical user interfaces, and
applications programs, one or more interaction devices, such as a touch pad or
screen, and/or control systems including feedback loops.

[0067]A typical data processing system may be implemented utilizing any
suitable commercially available components, such as those typically found in data
computing/communication and/or network computing/communication systems. The
herein described subject matter sometimes illustrates different components
contained within, or connected with, different other components. Itis to be
understood that such depicted architectures are merely exemplary, and that in fact
many other architectures may be implemented which achieve the same functionality.

In a conceptual sense, any arrangement of components to achieve the same
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functionality is effectively "associated" such that the desired functionality is achieved.
Hence, any two components herein combined to achieve a particular functionality
may be seen as "associated with" each other such that the desired functionality is
achieved, irrespective of architectures or intermediate components. Likewise, any
two components so associated may also be viewed as being "operably connected"”,
or "operably coupled”, to each other to achieve the desired functionality, and any two
components capable of being so associated may also be viewed as being "operably
couplable”, to each other to achieve the desired functionality. Specific examples of
operably couplable include but are not limited to physically connectable and/or
physically interacting components and/or wirelessly interactable and/or wirelessly
interacting components and/or logically interacting and/or logically interactable
components.

[0068]With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or
from the singular to the plural as is appropriate to the context and/or application.

The various singular/plural permutations may be expressly set forth herein for sake
of clarity.

[0069] It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (e.g., bodies of the appended claims)
are generally intended as “open” terms (e.g., the term “including” should be
interpreted as “including but not limited to,” the term “having” should be interpreted
as “having at least,” the term “includes” should be interpreted as “includes but is not
limited to,” etc.). It will be further understood by those within the art that if a specific
number of an introduced claim recitation is intended, such an intent will be explicitly
recited in the claim, and in the absence of such recitation no such intent is present.
For example, as an aid to understanding, the following appended claims may contain
usage of the introductory phrases "at least one" and "one or more" to introduce claim
recitations. However, the use of such phrases should not be construed to imply that
the introduction of a claim recitation by the indefinite articles "a" or "an" limits any
particular claim containing such introduced claim recitation to embodiments
containing only one such recitation, even when the same claim includes the

introductory phrases "one or more" or "at least one" and indefinite articles such as
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a" or "an" (e.g., “a@” and/or “an” should be interpreted to mean “at least one” or “one
or more”); the same holds true for the use of definite articles used to introduce claim
recitations. In addition, even if a specific number of an introduced claim recitation is
explicitly recited, those skilled in the art will recognize that such recitation should be
interpreted to mean at least the recited number (e.g., the bare recitation of "two
recitations,” without other modifiers, means at least two recitations, or two or more
recitations).

[0070]Furthermore, in those instances where a convention analogous to “at
least one of A, B, and C, etc.” is used, in general such a construction is intended in
the sense one having skill in the art would understand the convention (e.g., “ a
system having at least one of A, B, and C” would include but not be limited to
systems that have A alone, B alone, C alone, A and B together, A and C together, B
and C together, and/or A, B, and C together, etc.). It will be further understood by
those within the art that virtually any disjunctive word and/or phrase presenting two
or more alternative terms, whether in the description, claims, or drawings, should be
understood to contemplate the possibilities of including one of the terms, either of the
terms, or both terms. For example, the phrase “A or B” will be understood to include
the possibilities of “A” or “B” or “A and B.”

[0071]In addition, where features or aspects of the disclosure are described in
terms of Markush groups, those skilled in the art will recognize that the disclosure is
also thereby described in terms of any individual member or subgroup of members of
the Markush group.

[0072] As will be understood by one skilled in the art, for any and all purposes,
such as in terms of providing a written description, all ranges disclosed herein also
encompass any and all possible subranges and combinations of subranges thereof.
Any listed range can be easily recognized as sufficiently describing and enabling the
same range being broken down into at least equal halves, thirds, quarters, fifths,
tenths, etc. As a non-limiting example, each range discussed herein can be readily

broken down into a lower third, middle third and upper third, etc. As will also be
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understood by one skilled in the art all language such as “up to,” “at least,” “greater
than,” “less than,” and the like include the number recited and refer to ranges which

can be subsequently broken down into subranges as discussed above. Finally, as
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will be understood by one skilled in the art, a range includes each individual member.
Thus, for example, a group having 1-3 cells refers to groups having 1, 2, or 3 cells.
Similarly, a group having 1-5 cells refers to groups having 1, 2, 3, 4, or 5 cells, and
so forth.

[0073]While various aspects and embodiments have been disclosed herein,
other aspects and embodiments will be apparent to those skilled in the art. The
various aspects and embodiments disclosed herein are for purposes of illustration
and are not intended to be limiting, with the true scope and spirit being indicated by

the following claims.
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CLAIMS
WHAT IS CLAIMED IS:

1. A method for optimizing cell traffic load and interference, the method

comprising:

determining resource allocations for communication between an end
device and a relay device at a first base station in a first network cell;

determining whether any of the resource allocations meet one or more
criteria for alerting a second base station in a neighboring second network cell; and

if at least one of the criteria is met, transmitting an alert signal from the
first base station to the second base station indicating the resource for

communication is allocated.

2. The method according to claim 1, further comprising:
determining the resource allocations based on information received

from the relay device within the first network cell.

3. The method according to claim 1, further comprising:
determining the resource allocations by assigning resource blocks to
the communication between the end device and the relay device within the first

network cell at the first base station.

4. The method according to claim 1, wherein the end device and the relay
device employ the same standard for resource allocation as the first base station
uses to communicate with end device, and a resource allocation message is

forwarded along with other communications to the first base station.

5. The method according to claim 4, wherein the first base station
ascertains the resource allocations to be used by the relay device and the end
device by recognizing an identifier block in the resource allocation message as

belonging to the relay device associated with the first base station.
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6. The method according to claim 1, further comprising:
adjusting a timing of a relay device delay at the first base station if the

relay device is acting as a repeater.

7. The method according to claim 1, further comprising:
transmitting the alert signal from the first base station to the second
base station employing inter-cell interference control (ICIC) protocol in a cellular

network.

8. The method according to claim 7, wherein the alert signal includes at

least one of a high interference indicator (HIl) and/or an overload indicator (Ol).

9. The method according to claim 8, wherein the HIl indicates the first

base station’s intent to schedule a cell-edge end device on specific resource blocks.

10.  The method according to claim 8, wherein the Ol indicates excessive

interference in a specific resource block.

11.  The method according to claim 7, further comprising:
transmitting the alert signal from the first base station to the second
base station through a communication channel other than a cellular communication

channel used by the base stations to communicate with end devices.

12.  The method according to claim 7, wherein the alert signal is transmitted
from the first base station to the second base station via an X2 command layer

interface.

13.  The method according to claim 12, wherein the X2 interface includes
one of a wired connection and a fixed microwave connection between the first and

second base stations.

14.  The method according to claim 1, wherein the end device includes one

of a cellular phone, a smart phone, a computing device equipped with cellular
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communication capability, or a specialized device equipped with cellular

communication capability.

15.  The method according to claim 1, wherein the relay device includes
one of a special purpose relay device or an end device configured to act as a relay in

addition to providing communication services to a user.

16.  The method according to claim 15, wherein the end device configured

to act as a relay provides the relay services in a transparent manner to the user.

17.  The method according to claim 1, wherein the first and second base
stations are part of one of a eUTRAN network, an LTE network, and an LTE-

Advanced network.

18. A controller for a base station capable of optimizing cell traffic load and
interference based on communications between end devices and relay devices
within its network cell, the controller comprising:

a communication module for communicating with the end devices and
relay devices;
a processor coupled to the communication module, the processor
adapted to:
determine resource allocations for communication between an end
device and a relay device in the base station’s network cell;
determine whether any of the resource allocations meet one or more
criteria for alerting a second base station in a neighboring network cell; and
if at least one of the criteria is met, transmit an alert signal to the

second base station indicating the resource for communication is allocated.

19.  The controller according to claim 18, wherein the processor is further
adapted to:
determine the resource allocations based on information received from

the relay device within the base station’s network cell.
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20.  The controller according to claim 18, wherein the processor is further
adapted to:
determine the resource allocations by assigning resource blocks to the
communication between the end device and the relay device within the base
station’s network cell at the base station.

21.  The controller according to claim 18, wherein the end device and the
relay device employ the same standard for resource allocation as the base station
uses to communicate with end device, and a resource allocation message is

forwarded along with other communications to the base station from the relay device.

22.  The controller according to claim 21, wherein the base station
ascertains the resource allocations to be used by the relay device and the end
device by recognizing an identifier block in the resource allocation message as

belonging to the relay device associated with the base station.

23.  The controller according to claim 18, wherein the processor is further
adapted to:
adjust a timing of a relay device delay at the base station if the relay
device is acting as a repeater.

24.  The controller according to claim 18, wherein the processor is further
adapted to:
transmit the alert signal to the second base station employing inter-cell

interference control (ICIC) protocol in a cellular network.

25.  The controller according to claim 24, wherein the alert signal includes
at least one of a high interference indicator (HIl) and/or an overload indicator (Ol),
the HIl indicating the base station’s intent to schedule a cell-edge end device on
specific resource blocks and the Ol indicating excessive interference in a specific
resource block.
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26. The controller according to claim 24, wherein the processor is further
adapted to:
transmit the alert signal to the second base station through a
communication channel other than a cellular communication channel used by the

base stations to communicate with the end devices.

27.  The controller according to claim 24, wherein the alert signal is
transmitted to the second base station via an X2 command layer interface that
includes one of a wired connection and a fixed microwave connection between the

base stations.

28.  The controller according to claim 18, wherein the end device includes
one of a cellular phone, a smart phone, a computing device equipped with cellular
communication capability, or a specialized device equipped with cellular

communication capability.

29.  The controller according to claim 18, wherein the relay device includes
one of a special purpose relay device or an end device configured to act as a relay in

addition to providing communication services to a user.

30.  The controller according to claim 18, wherein the relay device is
configured to perform at least one from a set of: relaying communications from end
devices to the base station, storing at least a portion of the relayed communications,
storing one or more parameters associated with the relayed communications, error

correction, and/or transcoding.

31.  The controller according to claim 18, wherein the controller is
integrated into a base station that is part of one of a eUTRAN network, an LTE

network, and an LTE-Advanced network.
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32. A wireless communication network capable of optimizing cell traffic
load and interference based on communications between end devices and relay

devices within a network cell, the network comprising:

a plurality of relay devices configured to relay communications from
end devices within a proximity of the relay devices to corresponding base
stations;

a plurality of base stations, each base station adapted to:

determine resource allocations for communication between an end
device and a relay device in the base station’s network cell;

determine whether any of the resource allocations meet one or
more criteria for alerting a second base station in a neighboring network
cell; and

if at least one of the criteria is met, transmit an alert signal to the
second base station indicating the resource for communication is

allocated.

33.  The wireless communication network according to claim 32, wherein
each base station is further adapted to:
determine the resource allocations based on information received from

the relay device within the base station’s network cell.

34. The wireless communication network according to claim 32, wherein
each base station is further adapted to:
determine the resource allocations by assigning resource blocks to the
communication between the end device and the relay device within the base

station’s network cell at the base station.

35.  The wireless communication network according to claim 32, wherein
the end devices and the relay devices employ the same standard for resource

allocation as the base stations use to communicate with end devices, and a resource
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allocation message is forwarded along with other communications to the

corresponding base stations from the relay devices.

36. The wireless communication network according to claim 35, wherein
the base stations ascertain the resource allocations to be used by the relay devices
and the end devices by recognizing an identifier block in the resource allocation
message as belonging to a relay device associated with a corresponding base
station.

37.  The wireless communication network according to claim 32, wherein
each base station is further adapted to:
adjust a timing of a relay device delay if the relay device is acting as a
repeater.

38.  The wireless communication network according to claim 32, wherein
each base station is further adapted to:
transmit the alert signal to the second base station employing inter-cell

interference control (ICIC) protocol.

39.  The wireless communication network according to claim 38, wherein
the alert signal includes at least one of a high interference indicator (HIl) and/or an
overload indicator (Ol), the HIl indicating a base station’s intent to schedule a cell-
edge end device on specific resource blocks and the Ol indicating excessive

interference in a specific resource block.

40. The wireless communication network according to claim 38, wherein
each base station is further adapted to:
transmit the alert signal to the second base station through a
communication channel other than a cellular communication channel used by the

base stations to communicate with the end devices.
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41.  The wireless communication network according to claim 38, wherein
the alert signal is transmitted to the second base station via an X2 command layer
interface that includes one of a wired connection and a fixed microwave connection

between the base stations.

42.  The wireless communication network according to claim 32, wherein
the relay device includes one of a special purpose relay device or an end device
configured to act as a relay in addition to providing communication services to a

user.

43. The wireless communication network according to claim 32, wherein
the relay device is configured to perform at least one from a set of: relaying
communications from end devices to a corresponding base station, storing at least a
portion of the relayed communications, storing one or more parameters associated

with the relayed communications, error correction, and/or transcoding.

44, The wireless communication network according to claim 32, wherein
the network is one of a eUTRAN network, an LTE network, and an LTE-Advanced

network.

45. A computer-readable storage medium with instructions stored thereon
for optimizing cell traffic load and interference, the instructions causing a method to
be performed when executed, wherein the method comprises:

determining resource allocations for communication between an end
device and a relay device at a first base station in a first network cell;

determining whether any of the resource allocations meet one or more
criteria for alerting a second base station in a neighboring second network cell; and

if at least one of the criteria is met, transmitting an alert signal from the
first base station to the second base station indicating the resource for

communication is allocated.
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46. The computer-readable storage medium according to claim 45,
wherein the method further comprises:
determining the resource allocations based on information received

from the relay device within the first network cell.

47.  The computer-readable storage medium according to claim 45,
wherein the method further comprises:
determining the resource allocations by assigning resource blocks to
the communication between the end device and the relay device within the first

network cell at the first base station.

48. The computer-readable storage medium according to claim 45,
wherein the end device and the relay device employ the same standard for resource
allocation as the first base station uses to communicate with end device, and a
resource allocation message is forwarded along with other communications to the

first base station.

49. The computer-readable storage medium according to claim 48,
wherein the first base station ascertains the resource allocations to be used by the
relay device and the end device by recognizing an identifier block in the resource
allocation message as belonging to the relay device associated with the first base
station.

50. The computer-readable storage medium according to claim 45,
wherein the method further comprises:
adjusting a timing of a relay device delay at the first base station if the

relay device is acting as a repeater.

51.  The computer-readable storage medium according to claim 45,

wherein the method further comprises:
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transmitting the alert signal from the first base station to the second
base station employing inter-cell interference control (ICIC) protocol in a cellular

network.

52. The computer-readable storage medium according to claim 51,
wherein the alert signal includes at least one of a high interference indicator (HII)

and/or an overload indicator (Ol).

53. The computer-readable storage medium according to claim 52,
wherein the HIl indicates the first base station’s intent to schedule a cell-edge end

device on specific resource blocks.

54. The computer-readable storage medium according to claim 52,

wherein the Ol indicates excessive interference in a specific resource block.

55. The computer-readable storage medium according to claim 45,
wherein the method further comprises:
transmitting the alert signal from the first base station to the second
base station through a communication channel other than a cellular communication

channel used by the base stations to communicate with end devices.

56. The computer-readable storage medium according to claim 52,
wherein the alert signal is transmitted from the first base station to the second base

station via an X2 command layer interface.

57. The computer-readable storage medium according to claim 56,
wherein the X2 interface includes one of a wired connection and a fixed microwave

connection between the first and second base stations.

35



PCT/US2011/034498

WO 2012/148414

177

OE(\A

l "Old

vl —

—801




PCT/US2011/034498

WO 2012/148414

27

00¢

_.IIIIIIIIIIIIIIII

“ pez—"
_
_
_ T hhe
“ 301A3d
_

21130 _ m_w_bw_o

¥0C _ |

| zze—"
_

~—80¢



WO 2012/148414

PCT/US2011/034498

3/7

N— 342

® 7

& N— 348




ey SNG JOV4H3LNI IOVHOLS

¥ "Old

PCT/US2011/034498

_ HH < <
_ > < >

417

WO 2012/148414

|
|
< |
< ( —
e aaH “o3) . |
=55 PR 0E¥ TEF JOVHOLS (an@/ad "o3) _
ONLLAdINOD A V (S)LY0d /] SFTIOHULNOD | ja__» JOV443LINI/SNg “NON J19VAONTY “
NS I ‘WNOD MHOMLIN N—
I H/\_v ZE¥ SIDIAAA IOVHOLS |
" 99% S3ADIAIA NOILVOINNWINOD r—— IIIIIIIIIIIIIIIIIIII_ “
_ “ A 80% SN AMOW3N v | |
| 0| waTouNo _ 11 8zv |
ISERR(OISIAN

I ( 15 vivd |
| N~/ JOV4YILNI I a5 NOILVOO TV ||
0|, s 13 TIvevd g _ HITIONLNOD AMOWIW 304N0S3Y |
( (8)Ld0d PR\ D | =5 . |

11 o — — 3 _ <> ¥ VLVA NVHD0Hd _
_ 7457 o — | |
| /N I TIONLNOD u _ ory |
| N~/ JOV4YILNI < | SY3LSIOIY 977 L
IVIY3S 4 _ — ITNAON _

_ i _ PT% TOMLNOD AV _
| | %% S3OVANTLNI TvHIHINAd Z _ dsa/nd4/Nv ||
_ — | == NOILVOINNINOD |
| N 0S¥ LINN | |
| )| oNISs3o0Nd _ M_%M_V\,_,qmo_\,_ o7 ||
_ =5 olany I INTLSAS ONILYYILO ||

A A _
dsa/on/dn

—— @\F/Mon_ A | NVA/NON ||
_ 8¥¥ LINN ol _ $0F HOSSIO0Yd — I
| Anv ONISSID0Hd _ 07 AHOWIIN WILSAS | |
_ SOIHAVYO - ||
| | Z0p NoILvanoINOD QISYE 1
_ Zvv S30IA3IA LNdLNO <~ 5% 39130 SNLLAINGD .“



WO 2012/148414 PCT/US2011/034498

5/7
/\ 500
OTHER BASE
STATIONS
550 RELAY(S)
580
< -V % \__
L NETWORK(S) )
N\
\_ -7 { NETWORK(S) )
| C st D
PROCESSOR 590 A
MEMORY
591 506
/_
59211
RESOURCE | [ - ROk
ALLOCATION
DATA
594—\‘
END DEVICE
DATA
S 560

FIG. 5



WO 2012/148414 PCT/US2011/034498

6/7

CONTROLLER DEVICE 61

COMPUTER-READABLE MEDIUM 62

622
DETERMINE RESOURCE ALLOCATIONS  |[—
BETWEEN RELAY(S) & END DEVICE(S)

624
CRITERIA FOR ALERT MET?

626
TRANSMIT ALERT TO NEIGHBORING BASE
STATION

FIG. 6



WO 2012/148414 PCT/US2011/034498

77

COMPUTER PROGRAM PRODUCT 700

SIGNAL-BEARING MEDIUM 702

704 AT LEAST ONE OF

ONE OR MORE INSTRUCTIONS FOR DETERMINING
RESOURCE ALLOCATIONS; AND

ONE OR MORE INSTRUCTIONS FOR ALERTING A
NEIGHBORING BASE STATION.

-r—————— r—————— r———————— 1
| COMPUTER- | | oeoppaple! | coMMUNICATIONS |
| READABLE | | |

MEDIUM MEDIUM |
| MEDIUM | | 08 | 10 |
| 706 I — l — ,
______ - — —— — — — — ) — — — — — —— — — —

FIG. 7



INTERNATIONAL SEARCH REPORT ' International application No.

PCT/US2011/034498

A. CLASSIFICATION OF SUBJECT MATTER
Int. Cl._ - '
HO4W 40/16 (2009.01)

‘Accordihgto International Patent Classiﬁcation (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followéd by classification symbols)

- Docuimentation searched other than minimum documentation to the extent that such documents are included in the fields searched

1 Electronic data base consulted during the international search (nafne of data base and, where practicable, search terms used) »
Internet (Google, Google Scholar), USPTO, WPI, EPODOC using keywords such as: cellular, mobile, network, base statlon relay,
interference, cell edge, neighbour, adjacent, resource allocation, ICIC, indicator, notify, alert

"| C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages ‘ ' 1 -Relevant to

claim No. .

WO 20107145710 Al (NOKIA SIEMENS NETWORKS OY) 23 December 2010

X _ | See whole document, in particular: Abstract; Fig 7A; Page 1, Lines 25 — 30; Page 1, _ 1 - 57

23 — 28; Page 19, Lines 11 — 14

A " | See whole document

Line 32 — Page 2, Line 3; Page 2, Lines 22 — 29; Page 2, Line 31 - Page 3, Line 10;
Page 4, Lines 10 - 15; Page 4, Line-33 — Page 5, Liné 1; Page 6, Lines9 —.11 and Lines
23 —30; Page 7, Lines 1 - 6, Page 7, Line 16 — Page 8, Line 2; Page 8, Lines 22 —33;
Page 12, Lines' 11 — 12; Page 13, Lines | — 6; Page 14, Lines 10 — 18; Page 16, Lmes

US 2010/0267408 Al (LEE et al. )21 October 2010

Further documents are listed in the continuation of Box C See patent family annex

*
HAN

ol

"Lv"

oM

npH

" Special categories of cited documents:

document defining the general state of the art whlch is

not considered to be of pamcular relevance

earlier application or patent but pubhshed on or aﬁer the
mtemanonal ﬁhng date .

document which may throw doubts on priority claim(s)
or which is cited to establish the publication date of
another citation or other special reason (as specified)
document referring to an oral disclosure, use, exhibition’
or other means

- document published prior to the international filing date

but later than the priority date claimed

,"Tn ’

B4

‘TY'"

ugn

. later document published after the international filing date or priority date and not in
* conflict with the application but cited to understand the principle or theory

underlying the invention

document of particular relevance; the claimed invention canriot be considered novel
or cannot be considered ' to involve an inventive step when thé document is taken
alone ] }
document of particular relevance; the claimed invention cannot be considered to -
involve an inventive step when the document i$ combined with one or more other

" such documents, such combination being obvious.to a pcrson skilled in the art

document member of the same patent family

Date of the actual completion of the 1nternat10nal search
03 June 2011

Date of maiv.ling of the international search report 7 JUN 205t

- Name and mailing address of the ISA/AU

1 AUSTRALIAN PATENT OFFICE

PO BOX 200, WODEN ACT 2606, AUSTRALIA
E-mail address: pct@ipaustralia.gov.au

Facsimile No. +61°2.6283 7999 -

Authorized officer
JONTY GOLDIN

AUSTRALIAN PATENT OFFICE
(ISO 9001 Quality Certified Service)
Telephone No : +61 3 9935 9618

Form PCT/ISA/210 (second sheet) (JUly 2009)




INTERNATIONAL SEARCH REPORT

International application No.

| | | PCT/US2011/034498
C (Continuation). ~ . DOCUMENTS CONSIDERED TO BE RELEVANT
1 Category* Citation of document, with indicat'ion,‘where a_ppropria_te.,vof the relevant passagés  Relevant to
_ : v . . claim No.

US 2011/0045856 Al (FENG ct al.) 24 February 2011
A See Whole document o

US 2011/0081865 A1 (XIAO et al.) 07 April 2011
‘See whole document :

A
EP 2262330 A1 (SHARP KK) 15 December 2010
A See whole docdment. | | |
Us {200_9_/0233"5’44 Al. (QYMAN et al) 17 September 2009
A See whole documént ' | | |

Form PCT/ISA/210 (continvuation of second sheet) (July 2009) -




INTERNATIONAL SEARCH REPORT * | International application No.

Information on patent family mefnbers o PCT/US2011/034498

This Annex lists the known "A" publication level patent family members relating to the pateht documents cited in the -
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars

which are merely given for the purpose of information.

Patent Document Cited in o L - Patent Fém»ily Member
Search Report '

WO 2010145710 'NONE |

US 2010267408 KR = 20100115653 | o

‘US - 2011045856 - CN 101998642 EP 2288217 JP 2011045058

US 2011081865 WO 2011041981 - | | o

EP 2262330 AU 2009226408 - CN . 101541012 JP 2010141934
P 2010141935 JP 2010239642 KR 20100126862
KR 20100135816 US = 2011013523 - US 2011013582
WO 2009116644 | | | o

US - 2009233544 CN - 101610518 EP 2101528

' Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

" END OF ANNEX

: Fbrm PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report

