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METHODS FOR REDUCING INTERFERENCE IN A WIRELESS

COMMUNICATION SYSTEM

PRIORITY STATEMENT

This application claims the benefit of U.S. Provisional Application No.

6 1/299, 195, filed January 28, 20 10, the entire contents of which are

hereby incorporated by reference.

BACKGROUND

Due to a rich scattering environment of wireless channels in indoor

high data rate wireless systems, decreased cell size and distances

between nearby base stations (BSs), different transmitter-receiver

pairs may generate strong interferences against each other. The

strong interferences may severely limit the performance of the wireless

system.

The wireless interference is more difficult to deal with in the rich

scattering environment such as outdoor-to-indoor or indoor

environments. The difficulty is due to scattering and a transmitted

signal being reflected in multiple directions, which in turn, may

increase the interference and significantly degrade the wireless system

performance (e.g., spectrum efficiency, system/user throughputs).

Fractional Frequency Reuse (FFR) and beam switching are two

different methods used to suppress wireless interferences. However,

for outdoor-to-indoor or indoor-to-indoor transmission, the gain

obtained by coordinated beam forming from beam switching can be

significantly degraded by the rich scattering nature of the radio

channels. FFR has been widely used in macro cellular systems, and it

can also be used for indoor deployments. Although FFR mitigates

interferences, FFR also results in lower spectrum efficiency due to a

small frequency reuse factor.



SUMMARY

Example embodiments are directed to methods of reducing

interference in a communication system. More specifically, conflict

graphs may be used by base stations in joint beam switching and FFR

techniques to mitigate interference between adjacent/ nearby base

stations.

In at least one example embodiment, a method includes first

determining, by a first transmitter having a multi-directional antenna

configured to produce a plurality of beams, at least one interference

level of at least one interfering beam of a plurality of beams of at least

one transmitter in the communication system, second determining a

transmitting beam pattern based on the interference level, the

transmitting beam pattern indicating a sequence of illuminating the

plurality of beams at corresponding time slots, third determining a

fractional frequency reuse pattern based on the transmitting beam

pattern, and transmitting data based on the transmitting beam

pattern and the frequency reuse pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments will be more clearly understood from the

following detailed description taken in conjunction with the

accompanying drawings. FIGS. 1-5 represent non-limiting, example

embodiments as described herein.

FIG. 1A illustrates a wireless system according to an example

embodiment;

FIG. IB illustrates an example embodiment of beams associated with

a base station shown in FIG. 1A;

FIG. 1C illustrates a conventional beam switching pattern matrix for

the wireless system illustrated in FIG. 1A;



FIGS. 2A-2C illustrate an example embodiment of a method for

constructing an extended conflict graph of a wireless system;

FIG. 3A illustrates a method determining interference levels according

to an example embodiment;

FIG. 3B illustrates a method of reducing interference and generating a

conflict graph according to an example embodiment;

FIG. 3C illustrates a method of determining a beam forming pattern

according to an example embodiment;

FIG. 3D illustrates a method of determining a FFR pattern according

to an example embodiment;

FIG. 4A illustrates two base stations configured to transmit beams to

user equipment (UEs) according to an example embodiment;

FIGS. 4B-4C illustrate conflict graphs according to an example

embodiment;

FIG. 4D illustrates beam switching and FFR scheme according to an

example embodiment; and

FIG. 5 illustrates a transmitter included in a base station according to

an example embodiment.

DETAILED DESCRIPTION

Various example embodiments will now be described more fully with

reference to the accompanying drawings in which some example

embodiments are illustrated. In the drawings, the thicknesses of

layers and regions may be exaggerated for clarity.

Accordingly, while example embodiments are capable of various

modifications and alternative forms, embodiments thereof are shown

by way of example in the drawings and will herein be described in

detail. It should be understood, however, that there is no intent to

limit example embodiments to the particular forms disclosed, but on

the contrary, example embodiments are to cover all modifications,

equivalents, and alternatives falling within the scope of the claims.



Like numbers refer to like elements throughout the description of the

figures.

It will be understood that, although the terms first, second, etc. may

be used herein to describe various elements, these elements should

not be limited by these terms. These terms are only used to

distinguish one element from another. For example, a first element

could be termed a second element, and, similarly, a second element

could be termed a first element, without departing from the scope of

example embodiments. As used herein, the term "and/or" includes

any and all combinations of one or more of the associated listed items.

It will be understood that when an element is referred to as being

"connected" or "coupled" to another element, it can be directly

connected or coupled to the other element or intervening elements

may be present. In contrast, when an element is referred to as being

"directly connected" or "directly coupled" to another element, there are

no intervening elements present. Other words used to describe the

relationship between elements should be interpreted in a like fashion

{e.g., "between" versus "directly between," "adjacent" versus "directly

adjacent," etc.).

The terminology used herein is for the purpose of describing particular

embodiments only and is not intended to be limiting of example

embodiments. As used herein, the singular forms "a," "an" and "the"

are intended to include the plural forms as well, unless the context

clearly indicates otherwise. It will be further understood that the

terms "comprises," "comprising," "includes" and/ or "including," when

used herein, specify the presence of stated features, integers, steps,

operations, elements and/ or components, but do not preclude the

presence or addition of one or more other features, integers, steps,

operations, elements, components and/ or groups thereof.

It should also be noted that in some alternative implementations, the

functions/ acts noted may occur out of the order noted in the figures.

For example, two figures shown in succession may in fact be executed



substantially concurrently or may sometimes be executed in the

reverse order, depending upon the functionality/ acts involved.

Unless otherwise defined, all terms (including technical and scientific

terms) used herein have the same meaning as commonly understood

by one of ordinary skill in the art to which example embodiments

belong. It will be further understood that terms, e.g., those defined in

commonly used dictionaries, should be interpreted as having a

meaning that is consistent with their meaning in the context of the

relevant art and will not be interpreted in an idealized or overly formal

sense unless expressly so defined herein.

Portions of example embodiments and corresponding detailed

description are presented in terms of software, or algorithms and

symbolic representations of operation on data bits within a computer

memory. These descriptions and representations are the ones by

which those of ordinary skill in the art effectively convey the

substance of their work to others of ordinary skill in the art. An

algorithm, as the term is used here, and as it is used generally, is

conceived to be a self-consistent sequence of steps leading to a desired

result. The steps are those requiring physical manipulations of

physical quantities. Usually, though not necessarily, these quantities

take the form of optical, electrical, or magnetic signals capable of

being stored, transferred, combined, compared, and otherwise

manipulated. It has proven convenient at times, principally for

reasons of common usage, to refer to these signals as bits, values,

elements, symbols, characters, terms, numbers, or the like.

In the following description, illustrative embodiments will be described

with reference to acts and symbolic representations of operations (e.g.,

in the form of flowcharts) that may be implemented as program

modules or functional processes including routines, programs,

objects, components, data structures, etc., that perform particular

tasks or implement particular abstract data types and may be

implemented using existing hardware at existing system elements or



control nodes (e.g., a scheduler located at a cell site, base station or

Node B). Such existing hardware may include one or more Central

Processing Units (CPUs), digital signal processors (DSPs), application-

specific-integrated-circuits, field programmable gate arrays (FPGAs)

computers or the like.

It should be borne in mind, however, that all of these and similar

terms are to be associated with the appropriate physical quantities

and are merely convenient labels applied to these quantities. Unless

specifically stated otherwise, or as is apparent from the discussion,

terms such as "processing" or "computing" or "calculating" or

"determining" or "displaying" or the like, refer to the action and

processes of a computer system, or similar electronic computing

device, that manipulates and transforms data represented as physical,

electronic quantities within the computer system's registers and

memories into other data similarly represented as physical quantities

within the computer system memories or registers or other such

information storage, transmission or display devices.

Note also that the software implemented aspects of example

embodiments are typically encoded on some form of tangible (or

recording) storage medium or implemented over some type of

transmission medium. The tangible storage medium may be magnetic

(e.g., a floppy disk or a hard drive) or optical (e.g., a compact disk read

only memory, or "CD ROM"), and may be read only or random access.

Similarly, the transmission medium may be twisted wire pairs, coaxial

cable, optical fiber, or some other suitable transmission medium

known to the art. Example embodiments are not limited by these

aspects of any given implementation.

As used herein, the term "user equipment" (UE) may be synonymous

to a mobile user, mobile station, mobile terminal, user, subscriber,

wireless terminal and/ or remote station and may describe a remote

user of wireless resources in a wireless communication system. The

term "base station" may be understood as a one or more cell sites,



base stations, access points, and/or any terminus of radio frequency

communication. Although current system architectures may consider

a distinction between mobile/ user devices and access points/ cell

sites, the example embodiments described hereafter may generally be

applicable to architectures where that distinction is not so clear, such

as ad hoc and/or mesh system architectures, for example.

FIG. 1A illustrates a wireless system according to an example

embodiment. As shown in FIG. 1A, six base stations (BS) BS1-BS6

are deployed to provide wireless coverage for multiple floors of nine

buildings 105i- 105g. While six base stations and nine buildings are

illustrated, it should be understood that example embodiments are

not limited thereto. Example embodiments may be implemented with

more or less than six base stations and/or nine buildings.

The relative locations of the base stations BS1-BS6 are determined

according to parameters such as feedback from UEs. Methods used to

determine locations of the base stations BS1-BS6 are well known and

any known method may be used to determine the locations of the base

stations BS1-BS6. Thus, for the sake of clarity and brevity, a further

description will not be provided.

Each base station BS1-BS6 is equipped with a smart antenna which

can form beams toward any given direction. FIG. IB illustrates an

example embodiment of the base station BSl with a smart antenna

configured to form beams Beaml-Beam6 toward six directions,

respectively. While only the base station BSl is shown in FIG. IB, the

base stations BS2-BS6 have the same or similar smart antennas.

Moreover, while the base station BSl is illustrated as forming six

beams Beaml-Beam6 toward six directions, respectively, it should be

understood that more or less than six directions may be implemented

in example embodiments. Provided below is an example of

transmitting angles for the beams Beaml-Beam6.

Beam Angle



Beaml 270

Beam2 2 10

Beam3 330

Beam4 90

Beam5 30

Beam6 150

FIG. 1C illustrates a conventional beam switching pattern matrix for

the wireless system illustrated in FIG. 1A.

A matrix element B y represents a beam index of an i base station at a j

time slot. For example, the first row indicates that the base station

BS1 illuminates beams Beaml, Beam2, Beam3, Beam4, Beam5 and

Beam6 at 1st, 2nd, 3rd, 4th, 5th and 6th time slots, respectively. The

sequence is repeated in the same order in the subsequent time slots.

However, the conventional beam switching pattern matrix shown in

FIG. 1C may result in nearby base stations illuminating beams that

interfere with each other. Moreover, conventional beam switching

patterns may lead to strong interference between nearby BSs.

In example embodiments, a conflict-graph based joint beam switching

and FFR approach is used to mitigate interference between nearby

base stations (e.g., BS1-BS6) in rich scattering environments, in

particular for outdoor-to-indoor and indoor-to-indoor wireless

communications.

Adjacent BSs and nearby BSs may refer to BSs that are physically

close to each other and may be subject to strong interference. One

example of strong interference is when a UE receives an equally strong

signal from two nearby BSs. Since the UE is only attached to one BS,

the signal from the other BS is interference. In this example, the

signal-to-interference plus noise ratio (SINR) will be below 0 dB which

make the UE unable to recover information from the attached BS.

A BS may determine a nearby BS based on feedback from a UE.



Beam switching and FFR across BSs are performed subject to mutual

interference effects. Each BS is characterized by a beam switching/

frequency band sequence; this is the sequence of beams which are

illuminated by the base station antenna at different time instances.

This beam sequence is expected to be repetitive in time.

In some example embodiments, by exchanging the beam switching

sequences among a group of nearby BSs, the beam switching can be

performed in a coordinated manner, mitigating the interference. FFR

is used in conjunction with the beam switching method to further

suppress the interference. Also, in a dynamically changing

environment, adaptive algorithms are used by nearby BSs to carry out

the coordinated beam switching and FFR based on the information

collected by monitoring the environment, e.g., number of active users,

users' location, channel quality, and traffic conditions.

In other words, each beam is associated with a sequence of 0- 1

indicating variables indexed by different time slots. The value of the

indicating variable at a particular time slot determines whether the

beam is illuminated or not by the base station, e.g., if the variable is 0

then the corresponding beam is activated, otherwise the beam is

turned off.

Example embodiments also apply where multiple beams pertaining to

a BS are simultaneously active and each beam can be associated with

a frequency band. For instance, instead of using a duty cycle to

repeat a beam sequence, a BS can illuminate N beams simultaneously

and assign a specific frequency band to each beam.

FIGS. 2A-2C illustrate an example embodiment of a method for

constructing a conflict graph a wireless system (e.g. a small cell

system) .

As shown in FIG. 2A, four BSs BSA-BSD are used to serve two

clusters 205i-205 2 of UEs 2 10. Each base station BSA-BSD may be

the same as the base station BS1, thus, a further description will be

omitted for the sake of brevity.



The wireless system can be modeled by two base stations (e.g., BSA

and BSD) as four wireless links Linkl-Link4 connecting each base

station BSA-BSD to corresponding UEs 2 10, as shown in FIG. 2B.

Each link Linkl-Link4 represents a transmitter and receiver pair.

Due to the frequency reuse nature of a wireless channel, different

wireless links may generate strong interference against each other. In

the example shown in FIG. 2B, the links Linkl and Link2 are subject

to strong mutual interference, while there is no strong interference

between links Linkl and Link3 or between the links Linkl and Link4.

The conflicts between the wireless links Linkl-Link4 are captured in a

conflict graph shown in FIG. 2C. The conflict graph is a bi-partite

graph, in which each wireless link Linkl-Link4 in the wireless system

is represented by a node on the left hand side, termed as a variable

node. The constraints between the different links Linkl-Link4 are

represented by a group of nodes CN1-CN2 on the right hand side,

termed as constraint nodes. As shown, two variable nodes are

connected to a constraint node if the corresponding wireless links are

conflicting with each other, i.e., strongly interfering with each other if

no FFR is used.

For example, the variable nodes representing the links Linkl and

Link2 are connected to a constraint node CNi because the links Linkl

and Link2 conflict with each other. If two links are connected to a

constraint node, then only one link is generated in a time slot or FFR

is used. For example, the links Linkl and Link2 are generated at

different time slots or at different frequencies because they are

connected to the constraint node CNi.

To determine whether different links Linkl-Link4 are connected to a

conflict node CN1-CN2, each base station BSA-BSD is configured to

carry out local measurements (e.g., signal to noise and interference

ratio (SINR)) and/or exchange information with nearby base stations

based on a decentralized algorithm to generate the model shown in

FIG. 2B and the complete extended conflict graph shown in FIG. 2C,



as will be described in greater detail with reference to FIG. 3 . This

leads to less overhead in the wireless system.

Each base station BSA-BSD stores a local extended conflict graph,

which is a part of a complete extended conflict graph of the wireless

system. A local extended conflict graph is a sub-graph of the complete

extended conflict graph consisting of a portion of the nodes and edges

of the complete extended conflict graph. A complete extended conflict

graph consists of many nodes and edges connected, as shown in FIG.

2C.

Each base station BSA-BSD generates its local extended conflict graph

based on the measurements (feedback from UE) as well as information

messages received from the nearby other BSs in the wireless system.

Alternatively, a master controller may collect information from all BSs

then generate the complete extended conflict graph and send each BS

its corresponding local extended conflict graph.

The constraint nodes CN1-CN2 can be threshold levels for interference.

Based on the measurement information, the base stations BSA-BSD

are configured to determine which links Linkl-Link4 are connected to

the constraint nodes CN1-CN 2 . For example, if an interference level

between the links Linkl and Link2 exceed an interference threshold,

the links Linkl and Link2 are connected to a constraint node (e.g.,

An extended conflict node ECN1-ECN 2 is connected to each constraint

node CN1-CN2. Each extended constraint node ECN1-ECN2 represents

possible FFR to solve the conflict between beams.

FIGS. 3A-3D illustrate a method of reducing interference and

generating a conflict graph according to an example embodiment.

FIGS. 4A-4D illustrate a wireless system configured to implement the

method of FIGS. 3A-3D.

FIG. 3A illustrates a method of initialization and, more specifically, a

method of determining interference levels with nearby base stations.

At S300, a BS begins the method. The method shown in FIG. 3A may



be performed by a BS during initialization. Each other BS in the

system may be configured to perform the same method and may

recognize communications from the initializing BS when performing

the initialization process. In other words, the initializing BS is

configured to instruct the other base stations to illuminate beams for

measurement purposes by using a distributed algorithm shared by all

of the base stations in the system. Moreover, while FIG. 3A is

explained with reference to initialization, it should be understood that

the BS may perform the method periodically.

At S305, the BS illuminates a first beam at a first time slot. At S3 10,

the BS determines interferences between the first beam and other

beams illuminated by other BSs at the first time slot.

Interference levels among different beams is obtained by the BS by

collecting channel quality indicators (CQI) from the UEs

communicating with the BS. For example, measurements may be

performed by sending out training sequences from the BS to UEs and

receiving feedback. A training sequence is a sequence of data which is

known to the receiver, in this case, the UE.

In other words, the BS may determine the interference level without

receiving information from interfering base stations.

Additionally, the BS may exchange information and interference level

information with nearby base stations by backhaul, X2 (backbone

system), and/or broadcast measurement information. Information

reported by the UE may be part of the information exchanged between

the BSs in the system.

Each beam has a beam identification (ID) and/or cell ID. The BS

deciphers between interfering beams by examining a beam ID of the

interfering beam (or cell). As is known, cell/ beam IDs are part of a

system's configuration. Each cell/beam ID is assigned during an

initialization process of the BS.

At S3 15, the BS determines whether all interferences for the first

beam have been measured. The BS is configured to determine



whether all interferences for the first beam have been measured based

on information exchanged from nearby BSs.

If all interferences have not been measured, then the BS illuminates

the first beam at the next time slot at S320. At the next time slot, the

other base stations in the system are illuminating different beams

than in the first time slot. Consequently, the BS determines the

interferences between the first beam and the interfering beams at

S3 10 during the next time slot.

Once all interferences for the first beam have been determined, the BS

determines whether all interferences for all of the beams of the BS

have been determined at S325. If all interferences for all the beams

have not been determined, the BS changes a beam to illuminate at

S330. Thus, the BS illuminates a second beam at the first time slot at

S305 and repeats steps S3 10-325 until all interferences for all of the

beams of the BS have been determined.

Once all interferences for all of the beams of the BS have been

determined, the initial interference determining method ends at S335.

Based on the measurements received from nearby BSs in the system

and its own interference measurements, each BS may determine a

local extended conflict graph.

FIG. 3B illustrates a method of reducing interference and generating a

conflict graph according to an example embodiment. At S340, the BS

determines a beam forming pattern based on the interferences

determined in the method shown in FIG. 3A.

FIG. 3C illustrates an example embodiment of S340. At S3402, the

BS starts at the first time slot. While FIG. 3C is explained with the BS

making the determinations, it should be understood that a controller

of the system may perform the method of FIG. 3C and transmit a

beam forming decision to the BSs in the system or the method of FIG.

3C may be carried out in a distributed manner via nearby BSs.

At S3404, the BS selects a beam with the highest weight for

illumination during the first time slot, otherwise, known as



implementing a greedy algorithm. By implementing the greedy

algorithm, the BS chooses the beam with the highest weight factor.

The weight factor of a beam is determined by the base station based

on the traffic condition as well as the channel quality. For example,

the weight factor may be the product of a length of a queue of data

packets in a buffer and a throughput of a wireless channel associated

with the beam. Additionally, the weight factor may also be based on a

type of user associated with a beam. For example, a beam associated

with a user with premium service will be given a higher weight by the

base station.

At S3406, the BS determines the beam forming pattern that instructs

other BSs to turn off beams that are in conflict with the selected beam

with the highest weight when the selected beam with the highest

weight is illuminated during the first time slot. Thus, when the

selected beam is illuminated (at S350), the beams in conflict are not

illuminated. The BS updates the local extended conflict graph to

illustrate that the selected beam and the beams are in conflict and,

therefore, are connected to a constraint node.

The BS determines that an interfering beam is in conflict if the

interference between the beam and the interfering beam exceeds an

interference threshold. The interference threshold is a value that is

determined based on empirical data and testing before the system is

implemented. The threshold may be determined by modulation-

coding schemes (MCS) employed by the system as well as

characteristics of a wireless channel. The threshold may also be

changed after the system has been activated /implemented.

At S3408, the BS determines whether there are any beams remaining

that have not been selected or not removed from consideration. If

there are beams remaining, the BS selects a remaining beam with the

highest weight also for illumination during the first time slot at S3404.

The BS repeats steps S3404-S3408 until there are no beams

remaining.



For example, a system includes five BSs with each BS configured to

output first and second beams. The first beam of the first BS has the

highest weight and is selected for illumination during the first time

slot. A second beam of the first BS and first beams of the second and

third BSs are in conflict with the first beam of the first BS and are

thus, removed from consideration along with the selected beam.

Then, the BS selects another beam for illumination during the first

time slot from the second beams of the second and third BSs and the

first and second beams from the fourth and fifth BSs. The BS repeats

this process until there are no beams remaining for consideration in

the first time slot.

Once there are no beams remaining, the BS determines whether the

time slot is at the end of the beam forming cycle at S34 10. The beam

forming cycle has N time slots.

If the time slot is not at the end of the beam forming cycle, the BS

increments the time slot by one at S34 12 and performs S3404-S34 10

for the incremented time slot.

The BS is configured to calculate the weight factor for each beam after

each time slot. Thus, the weight factor for each beam may change for

each time slot. For example, if a beam is selected by the BS for

illumination in the preceding time slot, the weight factor of the

selected beam decreases because a length of a queue of data

decreases (data is transmitted in the preceding time slot) .

It should be understood that the base stations in the system

communicate with each other. Thus, while FIGS. 3A-3D are explained

with one BS performing all the steps, it should be understood that the

calculations and determinations are shared with all the BSs within

the system. Thus, each BS knows the beam switching pattern and

FFR pattern of each BS.

Once the beam forming pattern in complete at S340, the BS

determines a FFR pattern at S345, as shown in FIG. 3B.



FIG. 3D illustrates an example embodiment of determining a FFR

pattern at S345. Each BS in the system determines a FFR pattern.

Alternatively, a centralized controller may be configured to determine

the FFR pattern and transmit the decision to each BS. If two beams

generate strong mutual interference with each other, the base station

may use FFR to mitigate the interference, allowing at least two

interfering beams to be illuminated.

At S3452, the BS starts the method at the first time slot. At S3454,

the BS determines whether FFR is possible with conflicting beams and

the selected illuminated beam at the first time slot. As described

above, each beam is associated with a weight factor that varies based

on the traffic condition as well as the channel quality. Consequently,

the weight factor may change if other beams are illuminated at the

same time.

For a particular beam, each FFR pattern corresponds to a specific

group of sub-bands allocated to the particular beam. The weight may

be calculated by the BS as the product of the buffer length of the

beam and the sum throughput of the specific group of sub-bands.

Moreover, a beam can only use one of the total three sub-bands,

which may be referred to as a first type constraint. Beside this type of

constraint, there are two other types of conflicts. A second type

constraint depicts the fact that each sub-band can be used by only

one beam of the same BS for inter-beam interference avoidance. A

third type constraint represents the inter-cell interferences between

beams from different BSs with the same sub-band frequency.

The BS determines that FFR is possible if the weight of the illuminated

beam when conflicting beams are illuminated plus the weight of the

conflicting beams is greater than the weight of the illuminated beam

when the conflicting beams are not illuminated. If a combination of

beams is subject to one of the three constraints, the BS determines

that FFR is not possible.



If FFR is possible, the illuminated beam may occupy one-half of the

frequency band and a conflicting beam may occupy the other half. It

should be understood that multiple conflicting beams may be

illuminated.

For example, the BS may calculate a weight for each beam that is the

product of the channel throughput based on feedback from a UE as

well as the bandwidth and the queue length of each beam and then

divide the bandwidth according to the product. For two conflicting

beams, if the weight of the first beam is 2 and the weight of the second

beam is 1. If the weight of the first beam being illuminated without

conflicting illuminated beams is less than 3, then FFR is implemented.

Then the first beam occupies the first 2/3 of the complete bandwidth

and the second beam takes the remaining 1/3 of the bandwidth, if

FFR is possible. Thus, the bandwidth may be allocated based on the

bandwidth.

If FFR is possible at S3454, the BS implements FFR for the time slot

at S3456. The BS then determines whether all time slots in the beam

forming cycle have been considered at S3458. If FFR is not possible,

the method proceeds to S3458.

If all the time slots have not been considered, the BS increments the

time slot by one at S3460 and repeats steps S3454-S3458.

If all the time slots have been considered by the BS, then the BS

transmits data and illuminates its beams according to the determined

beam forming pattern and FFR pattern at S350, as shown in FIG. 3B.

At S355, the BS determines whether a BS has been added or removed

or a new beam cycle is reached. If a BS has been added or removed or

a new beam cycle is reached, the BS determines interferences again

and updates its local extended conflict graph accordingly at S360.

The BS then transmits its local extended conflict graph to the BSs in

the system. The BSs are then able to update the complete conflict

graph based on the received updated local extended conflict graphs.

S360 may be the same as the method illustrated in FIG. 3A.



As an example of the method of FIGS. 3A-3D, FIG. 4A illustrates two

base stations BS4a and BS4b configured to transmit beams to UEs in

buildings 405i-4054. In FIG. 4A, each of the base stations BS4a and

BS4b have already determined their respective beam switching pattern

using the method of FIG. 3C.

The base station BS4a is configured to transmit a plurality of beams

B lx, where x represents a number of the transmitted beam. The

base station BS4b is configured to transmit a plurality of beams B2W,

where w represents a number of the transmitted beam. Each of the

plurality of beams B l x and B2W can be transmitted at any frequency

band used for communications. Non-overlapping frequency sub-

bands are allocated to different beams of the same base station to

avoid inter-beam interference.

Interference levels among different beams are obtained by the base

stations BS4a and BS4b by collecting channel quality indicators (CQI)

from the UEs communicating with the base stations BS4a and BS4b,

using the method of FIG. 3A.

Based on whether the interference levels exceed the interference

threshold and whether beams are subject to the three constraints

described above, a constraint node is generated in the conflict graph.

For example, if the measured interference level for beam B l i and B2i

exceed the interference threshold at a frequency sub-band, a

constraint node is generated in the conflict graphs for the base

stations BS4a and BS4b.

For example, FIGS. 4B-4C illustrates a complete conflict graph

generated by the base station BS4a in FIG. 4A. The base station BS4a

is configured to generate the complete conflict graph based on its local

extended conflict graph and the local extended conflict graph received

from the base station BS4b.

As shown in FIGS. 4B-4C, each circle corresponds to a specific

wireless link Linkt ,y,z, i.e., one beam (antenna) using a sub-band

frequency for the data transmission, where t is the BS, y is the beam,



and z is the sub-band. For example, the first circle represents

Linki , i , i , which a first sub-band is used by the first beam (Bli) of the

first BS (BS4a).

Each rectangular node denotes a constraint (conflict) CNt,y,v between

multiple wireless links, where v represents the type of constraint. In

FIG. 4B, the beam Bli can only use one of the total three sub-bands,

which is represented by the first rectangular node in the first row

(CNi , i , i ) . This may be considered a first type constraint. Beside this

type of constraint, there are two other types of conflicts in this

example. A second type constraint depicts the fact that each sub-

band can be used by only one beam of the same BS for inter-beam

interference avoidance. A third type constraint represents the inter-

cell interferences between beams from different BSs.

Using a beam forming pattern and FFR pattern determined using the

method of FIGS. 3A-3D, the base station BS4a may generate a

simplified conflict graph shown in FIG. 4C.

Here, the circle node connected with an arc shows that the

corresponding wireless link is active; while other wireless links

corresponding to non-connected circle nodes are turned off. In FIG.

4C, each constraint (rectangular) node is connected to at most one

variable (circle) node, which shows there is no conflict between active

wireless links. Finally, FIG. 4D illustrates the obtained frequency

reuse patterns used by the base stations BS4a and BS4b.

FIG. 5 illustrates a transmitter included in the base station BS4a

according to an example embodiment. While the transmitter 500 is

illustrated as being implemented in the base station BS4a, it should be

understood that the transmitter 500 may be included in all base

stations. Moreover, it should be understood that the transmitter 500

may include additional features than those shown in FIG. 5 .

A channel code/ interleaver 505 of the transmitter 500 is configured to

receive data to be transmitted. The transmitter 500 further includes

an MCS (modulation and coding scheme) controller 5 10, a modulator



5 15, a beam switching controller 520, a FFR controller 525, a channel

information/ control information processor 530 and a beam- switching

antenna (omni-directional) 535.

The MCS controller 5 10 is configured to output MCS data to the

channel codec/ interleaver 505 and the modulator 5 15 based on an

output received from the channel information/ control information

processor 530. The channel information/ control information

processor 530 receives feedback data from the beam switching

controller 520, FFR controller 525, as well as channel

information/ control information from other base stations and mobile

stations.

The channel code/ interleaver 505, MCS controller 5 10, modulator

5 15, channel information/ control information processor 530 and

beam-switching antenna 535 are known, and therefore, a further

description of these features is omitted.

Based on the channel information and control information (two types

of information used to determine the local extended conflict graph for

each BS) received from the channel information/ control information

processor 530, the beam switching controller 520 and the FFR

controller 525 determine a beam sequence and frequency bands using

the extended conflict graph approach described above.

Compared with the traditional FFR pattern with omni-directional

antenna, example embodiments combine the strengths of beam

switching, FFR and conflict graphs based techniques in a unified

framework to fully utilize the spatial-frequency diversity.

Conflict-graphs according to example embodiments model the inter-

cell interference between neighboring BSs, which not only provides a

simple and unified framework to characterize the conflict of wireless

links within a wireless system such as a wireless small-cell system,

but also facilitates the design of an efficient, robust and low

complexity beam switching algorithm to improve the overall system

performance (e. g. spectral efficiency, system/users throughput). Also,



the conflict graph based approach is flexible and dynamically

adaptive, and allow multiple beams to be illuminated simultaneously.

In example embodiments, FFR pattern may be used in conjunction

with the coordinated beam switching to further mitigate the

interference. By allocating orthogonal frequency bands to users

associated with conflicting beams, the interference can be either

completely avoided or significantly suppressed.

In at least one example embodiment, each BS broadcasts, from time to

time, its beam switching sequence, locally to its neighboring base

stations. For instance a BS can use either a fraction of a resource unit

or one or more resource units (e.g. Radio Block in LTE) to broadcast

this information. In addition, the beam switching sequence can be

communicated in differential format. Furthermore, since for indoor

applications a radio channel is quasi-static and slow time-varying, the

message overhead is low.

Additionally, only require infrequent feedbacks from the mobile

stations may be utilized by the base stations. For example, in the LTE

standard, one frame of data bits spans 1 ms of time duration. The

typical coherence time for such a small cell system could be as high as

200 ms, which equals to 200 frames of data bits. If we assume each

beam spans 10 LTE frames and there are 4 beams within each cycle,

one feedback of the channel quality from the mobile stations within

each 5 beam switching cycles is sufficient.

As described above, each base station is equipped with a decentralized

algorithm capable to compute a beam switching pattern based on

system dynamics such as evolution of traffic and/or users mobility as

well as based on beam switching patterns of other base stations.

Therefore, the beam switching mechanism according to example

embodiments adapts to various scenarios which include type of

topology/ buildings, nature of scattering environments, traffic non-

uniformity, users mobility and traffic & interference evolution with

time.



BSs participating in the collaboration form a cluster. Each BS within

this cluster does not need to know the configurations of other BSs

such as the number of antennas, etc. Furthermore, BSs within a

cluster do not need to know anything about BSs outside the cluster.

Additionally, no packet level synchronization is required in the FFR

scheme. Example embodiments assume synchronize at the beam

level.

Example embodiments being thus described, it will be obvious that

the same may be varied in many ways. Such variations are not to be

regarded as a departure from the spirit and scope of example

embodiments, and all such modifications as would be obvious to one

skilled in the art are intended to be included within the scope of the

claims.



CLAIMS

What is claimed is:

1. A method of reducing interference in a communication system, the

method comprising:

first determining (S3 10), by a first transmitter (500) having a

multi-directional antenna (535) configured to produce a plurality of

beams, at least one interference level of at least one interfering beam

of a plurality of beams of at least one interfering transmitter (BS4b) in

the communication system;

second determining (S340) a transmitting beam pattern based

on the interference level, the transmitting beam pattern indicating a

sequence of illuminating the plurality of beams at corresponding time

slots;

third determining (S345) a fractional frequency reuse pattern

based on the transmitting beam pattern; and

transmitting data (S350) based on the transmitting beam

pattern and the frequency reuse pattern.

2 . The method of claim 1, wherein

the first transmitter (500) is in a base station (BS4a) , and

the first determining (S3 10) determines the interference level

without receiving information from the at least one interfering

transmitter (BS4b).

3 . The method of claim 1, wherein the first determining (S3 10)

includes,

receiving channel quality indicators from mobile stations in the

communication system, the interference level being based on the

channel quality indicators.



4 . The method of claim 1, wherein the second determining (S340)

includes,

second determining the transmitting beam pattern in a first

time slot by generating a conflict graph, the conflict graph

representing interferences between the plurality of beams of the first

transmitter (BS4a) and the plurality of beams of the at least one

interfering transmitter (BS4b) .

5 . The method of claim 1, wherein the third determining the

fractional frequency reuse pattern (S345) includes,

allocating an orthogonal frequency to the interfering transmitter

(BS4b) based on the interference level.

6 . The method of claim 1, wherein the third determining (S345)

includes,

determining a first local extended conflict graph based

information received from user equipments (UE), the first local

extended conflict graph representing interferences between the

plurality of beams of the first transmitter (BS4a) and a plurality of

beams of the at least one interfering transmitter (BS4b) , and

determining the fractional frequency reuse pattern based on the

first local extended conflict graph.

7 . The method of claim 6, wherein the third determining (S345)

includes,

receiving a second local extended conflict graph from the at

least one interfering transmitter, the second local extended conflict

graph representing interferences between the plurality of beams of the

at least one interfering transmitter (BS4b) and a plurality of beams of

transmitters interfering with the at least one interfering transmitter

(BS4b), and



determining the fractional frequency reuse pattern based on the

second local extended conflict graph.

8 . The method of claim 6, wherein the third determining (S345)

includes,

determining an extended conflict graph based on the first and

second local extended conflict graphs, the extended conflict graph

identifying sub-band frequencies associated with each of the plurality

of beams of the first transmitter (BS4a) and the plurality of beams of

the at least one interfering transmitter (BS4b) .

9 . The method of claim 1, wherein the second determining (S340) the

transmitting beam pattern determines the transmitting beam pattern

based on a weight factor for the plurality of beams and the at least one

interfering beam.

10. A transmitter (500) having a multi-directional antenna (535)

configured to produce a plurality of beams, the transmitter

comprising:

a first means for determining (530) at least one interference level

of at least one interfering beam of a plurality of beams of at least one

interfering transmitter (BS4t ) in the communication system;

a second means for determining (520) a transmitting beam

pattern based on the interference level, the transmitting beam pattern

indicating a sequence of illuminating the plurality of beams at

corresponding time slots;

a third means for determining (525) a fractional frequency reuse

pattern based on the transmitting beam pattern; and

a means for transmitting data (535) based on the transmitting

beam pattern and the frequency reuse pattern.
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