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A HIGH INTERFERENCE INDICATOR FOR TIME DIVISION
DUPLEX WIRELESS COMMUNICATION SYSTEMS

CROSS REFERENCE TO RELATED APPLICATIONS

This application is related to U.S. Patent Application TK TKT T TK, filed on Month

TK, TKTK. [ADD INFORMATION FOR RELATED APP 811300, 2100.049400]

BACKGROUND

This application relates generally to communication systems, and, more particularly,

to wireless communication systems.

Wireless communication systems include a network of devices for providing wireless

connectivity to wireless-enabled devices including mobile units, smart phones, tablet devices,

laptops, desktops, and other types of user equipment. The network access devices include

base stations, base station routers, access points, e-node-Bs (eNBs), and the like. The entities

within the wireless communication system generally conform to standards and/or protocols

that facilitate communication over the air interface. For example, wireless communication

systems are currently being developed that operate according to the Long Term Evolution

(LTE) standards and/or protocols defined by the Third Generation Partnership Project (3GPP,

3GPP2). The LTE-Advanced standard supports both frequency division duplexing (FDD)

and time division duplexing (TDD). Service providers are expected to implement both types

of systems depending on the circumstances of the deployment scenario. The advantages to

deploying a TDD system include efficient use of the radio spectrum because TDD uses a

single frequency resource and does not require the paired set of frequency resources used to

implement FDD.



Interference between neighboring base stations and/or user equipment can reduce the

benefits of resource sharing in a TDD system. For example, base-station-to-base-station (BS-

to-BS) interference occurs when one base station transmits a downlink signal to user

equipment in a subframe while another base station is attempting to receive an uplink signal

from other user equipment during the same subframe. For another example, user-equipment-

to-user-equipment (UE-to-UE) interference occurs when one or more user equipment are

transmitting uplink signals in a subframe while other user equipment are trying to receive

downlink signals in the same subframe.

SUMMARY OF EMBODIMENTS

The disclosed subject matter is directed to addressing the effects of one or more of the

problems set forth above. The following presents a simplified summary of the disclosed

subject matter in order to provide a basic understanding of some aspects of the disclosed

subject matter. This summary is not an exhaustive overview of the disclosed subject matter.

It is not intended to identify key or critical elements of the disclosed subject matter or to

delineate the scope of the disclosed subject matter. Its sole purpose is to present some

concepts in a simplified form as a prelude to the more detailed description that is discussed

later.

In one embodiment, a method is provided for supporting dynamic subframe

reconfiguration in a time division duplex wireless communication system. One embodiment

includes transmitting, from a first base station to a second base station, a message indicating

that the first base station is configured for scheduling uplink transmissions from first user

equipment in one or more subframes of a time division duplex frame. The message is



transmitted when the second base station is configured for downlink transmission to second

user equipment in the subframe(s).

In another embodiment, a method is provided for supporting dynamic subframe

reconfiguration in a time division duplex wireless communication system. One embodiment

includes receiving, from a first base station at a second base station, a first message indicating

that the first base station is configured for scheduling uplink transmissions from first user

equipment in one or more subframes of a time division duplex frame. The first message is

transmitted when the second base station is configured for downlink transmission to second

user equipment in the subframe(s).

In yet another embodiment, a method is provided for supporting dynamic subframe

reconfiguration in a time division duplex wireless communication system. One embodiment

includes receiving, at first user equipment from a first base station, a first message instructing

the user equipment to perform at least one measurement during one or more subframes in a

time division duplex frame. The first message is received in response to the first base station

determining that a second base station is configured for scheduling uplink transmissions from

second user equipment in the subframe(s) and the first base station is configured for downlink

transmission to the first user equipment in the subframe(s).

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosed subject matter may be understood by reference to the following

description taken in conjunction with the accompanying drawings, in which like reference

numerals identify like elements, and in which:



Figure 1 conceptually illustrates a first exemplary embodiment of a wireless

communication system;

Figure 2A conceptually illustrates a second exemplary embodiment of a wireless

communication system;

Figure 2 conceptually illustrates the subframe allocations corresponding to the

allocations associated with the cells illustrated in Figure 2A;

Figure 3 conceptually illustrates a first exemplary embodiment of a method of

coordinating transmissions from base stations in a time division duplex wireless

communication system; and

Figure 4 conceptually illustrates a second exemplary embodiment of a method of

coordinating transmissions from base stations in a time division duplex wireless

communication system.

While the disclosed subject matter is susceptible to various modifications and

alternative forms, specific embodiments thereof have been shown by way of example in the

drawings and are herein described in detail. It should be understood, however, that the

description herein of specific embodiments is not intended to limit the disclosed subject

matter to the particular forms disclosed, but on the contrary, the intention is to cover all

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



DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

Illustrative embodiments are described below. In the interest of clarity, not all

features of an actual implementation are described in this specification. It will of course be

appreciated that in the development of any such actual embodiment, numerous

implementation-specific decisions should be made to achieve the developers' specific goals,

such as compliance with system-related and business-related constraints, which will vary

from one implementation to another. Moreover, it will be appreciated that such a

development effort might be complex and time-consuming, but would nevertheless be a

routine undertaking for those of ordinary skill in the art having the benefit of this disclosure.

The disclosed subject matter will now be described with reference to the attached

figures. Various structures, systems and devices are schematically depicted in the drawings

for purposes of explanation only and so as to not obscure the description with details that are

well known to those skilled in the art. Nevertheless, the attached drawings are included to

describe and explain illustrative examples of the disclosed subject matter. The words and

phrases used herein should be understood and interpreted to have a meaning consistent with

the understanding of those words and phrases by those skilled in the relevant art. No special

definition of a term or phrase, i.e., a definition that is different from the ordinary and custom¬

ary meaning as understood by those skilled in the art, is intended to be implied by consistent

usage of the term or phrase herein. To the extent that a term or phrase is intended to have a

special meaning, i.e., a meaning other than that understood by skilled artisans, such a special

definition will be expressly set forth in the specification in a definitional manner that directly

and unequivocally provides the special definition for the term or phrase.



Generally, the present application describes embodiments of techniques that can be

used to support dynamic reconfiguration of the allocation of subframes to uplink and

downlink transmission in a wireless communication system that operates according to time

division duplexing (TDD). For example, wireless communication standards such as LTE-

Advanced allow different cells, base stations (BSs), or eNBs to select different allocations of

the subframes to uplink and downlink transmission. LTE-A also supports dynamic

reconfiguration of the uplink/downlink subframes in a TDD system. For example, the

subframe allocation of an eNB can be changed during operation, e.g., the subframe allocation

can be reconfigured to select a new allocation from among different subframe configurations

supported by LTE-A. However, significant UE-to-UE interference can occur between user

equipment when one base station schedules uplink transmissions from first user equipment in

the same subframe that is used by other nearby user equipment to receive and decode

downlink transmissions from a different base station. This type of UE-to-UE interference

occurs when the different base stations are using different subframe allocations so that the

same subframe is used for uplink and downlink transmissions by different base stations.

Embodiments of the techniques described herein provide mechanisms that allow UE-

to-UE interference to be detected and/or predicted so that the interference can be mitigated or

reduced. In one embodiment the wireless communication system determines that first user

equipment is receiving uplink signals transmitted from second user equipment to a second

base station in the subframe that a first base station is using to transmit downlink signals to

the first user equipment. The presence of the interfering signal can be determined using

information provided by the interfering base station. Alternatively, the first user equipment

can perform measurements in the subframe and then signal the results of these measurements

back to the first base station. The first or the second base station can then take steps to



mitigate or reduce the interference. In one embodiment, the interfering base station stops

scheduling uplink transmissions from the second user equipment during the subframe.

Alternatively, the first (interfered) base station may stop transmitting downlink signals to the

first user equipment during the subframe. In cases where the mismatch between the subframe

allocations is caused by a dynamic change in the subframe allocation used by either the first

or second base station, the change may be reversed or an additional change may be made to

resolve the mismatch.

Figure 1 conceptually illustrates a first exemplary embodiment of a wireless

communication system 100. In the illustrated embodiment, the wireless communication

system 100 includes base stations 105, 110 that provide wireless connectivity using TDD

standards and/or protocols. For example, the base stations 105, 110 may operate according to

the LTE-Advanced standards and/or protocols established by 3GPP. However, persons of

ordinary skill in the art having benefit of the present disclosure should appreciate that the

base stations 105, 1 0 may alternatively operate according to different standards and/or

protocols that support time division duplexing over the air interface. In the illustrated

embodiment, the base stations 105, 110 can communicate over an interface 115 by

exchanging signaling and/or messages over the interface 115. For example, the interface 115

may be an X2 backhaul interface supported by the wireless communication system 100. The

Long Term Evolution (LTE) of the standards and/or protocols defined by the Third

Generation Partnership Project (3GPP) specifies an X2 interface for providing signaling

between e-node Bs (eNBs). The X2 interface is used to carry signaling related to mobility

management, load management, error reporting, and the like. Embodiments of the X2

interface are described in the 3GPP Technical Specification 36.423. However, other

embodiments may use other types of interfaces that may include devices such as routers,



switches, wired and/or wireless links, and the like to support communication between the

base stations 105, 110.

The base stations 105, 110 can be configured to operate using one of a plurality of

uplink/downlink allocations of the TDD resource. One exemplary set of uplink/downlink

allocations is depicted in Table 1, which shows the uplink/downlink allocations defined by

embodiments of the LTE-A standards and/or protocols. Table 1 shows seven different

available configurations that have different ratios of downlink-to-uplink resources. The

different configurations also provide different switch-point periodicities (5 ms or 10 ms) and

allocate different subframes to the downlink (D), uplink (U), and special (S) transmissions.

However, persons of ordinary skill in the art having benefit of the present disclosure should

appreciate that the allocations indicated in Table 1 are intended to be exemplary and

alternative sets of predetermined allocations may also be used. In the illustrated embodiment,

the base stations 105, 110 can use any of the available configurations and can dynamically

switch between different configurations during operation. Moreover, the base stations 105,

1 0 may be able to independently reconfigure their uplink/downlink allocations. One of the

advantages of TDD systems over FDD systems is that its air-interface frame structure is

uplink-downlink asymmetric. Thus, within one TDD frame, the number of uplink TTIs could

be different from the number of downlink TTIs and the uplink/downlink ratio can be

dynamically configured, e.g., to respond to the variations of the UL-DL traffic, changing

environmental or channel conditions, and the like.



Configuration DL:UL Ratio Switch-point Subframe Number

Periodicity 0 1 2 3 4 5 6 7 8 9

0 1:3 5 ms D S U U U D S U U U

1 1:1 5 ms D s u U D D S U U D

2 3:1 5 ms D s u D D D S U D D

3 2:1 10 ms D s u u U D D D D D

4 7:2 10 ms D s u u D D D D D D

5 8:1 10 ms D s u D D D D D D D

6 3:5 10 ms D s u U U D S U U D

Table 1

Uplink communications from one of the user equipment to a base station can interfere

with the downlink reception of signals transmitted by the other base station(s) to other user

equipment in the system 100. In the illustrated embodiment, base station 105 schedules and

receives uplink signals 120 from one or more user equipment 125. The uplink signals 120

are transmitted concurrently with reception of downlink signals 130 that are transmitted from

the base station 110 to the user equipment 135. Mismatches between the uplink and

downlink subframe allocations may lead to interference between the signals 120, 130. For

example, the base stations 105, 110 may be using different subframe allocations so that the

user equipment 125 transmits the uplink signal 120 during an allocated uplink subframe that

is the same as a downlink subframe allocated to the base station 10 by its corresponding

subframe allocation. The uplink signals 120 may be scheduled by the base station 110 during

the subframe and may therefore interfere with the downlink signal 1 0.

The presence of the interfering signal can be detected using signaling from the

interfering base station 105 and/or measurements performed by the user equipment 135. In



one embodiment, the interfering base station 105 transmits messages over the interface 115 to

inform the base station 110 that it is using a subframe allocation to schedule uplink

transmissions from user equipment 125. The messages may also indicate that the subframe

allocation conflicts with the subframe allocation used by the base station 110 for downlink

transmissions to user equipment 135. The base station 10 may use this information to

determine that interference could be present at the user equipment 135 and the base station

110 may therefore modify downlink transmissions accordingly. Alternatively, user

equipment 135 can perform measurements during the subframe to detect the presence of the

interfering signal 1 0. The user equipment can signal the results of these measurements to

the base station 110. When the base station 110 determines that interference is present during

one or more subframes, the base station 110 may transmit a message to the base station 105

indicating that the base station 110 detected interference caused by uplink signals that are

being scheduled by the base station 105 in the subframe that has been allocated for reception

of downlink signals at user equipment 135. The base station 105 may then modify its

scheduled uplink transmissions to reduce interference in the subframe, e.g., by changing a

scheduling so that interfering uplink signals 120 are not transmitted during the subframe.

Alternatively, the base station 110 may schedule downlink signals 130 during other

subframes to avoid collisions with the uplink signals 1 0.

Figure 2A conceptually illustrates a second exemplary embodiment of a wireless

communication system 200. In the illustrated embodiment, the wireless communication

system 200 includes a plurality of cells 205. User equipment within the cells 205 may access

the wireless communication system 200 over an air interface with one or more base stations

or eNBs (not shown in Figure 2A). The cells 205 may be operated by the same service

provider or by one or more different service providers and they may operate according to the



same or different standards and/or protocols. In the illustrated embodiment, the cells 205

support time division duplexing. For example, each of the cells 205 may be configured to use

one of a plurality of subframe allocations that indicates allocation of the subframes to uplink

or downlink transmissions. Different subframe allocations are indicated by the different

circled boldfaced numerals within the cells 205. In different embodiments, the allocations

may be static or dynamically changing, e.g., to reflect changes in channel conditions,

environmental conditions, requested quality of service on the uplink and/or downlink, or

other variations in the context.

Mismatches in the subframe allocations that are selected by the different cells 205

and/or are assigned to each cell 205 can lead to inter-UE interference, which may also be

referred to as UE-to-UE interference. For example, uplink and downlink transmissions

associated with adjacent or nearby cells 205(2, 7) may conflict and interfere when the cell

205(2) allocates a subframe for uplink transmission by user equipment and the cell 205(7)

allocates the same subframe for downlink transmission to user equipment. In that case, the

uplink transmissions from user equipment in the cell 205(2) may interfere with the downlink

transmissions received at other user equipment from the cell 205(7), which may make it more

difficult for the user equipment to detect and/or decode the received downlink signal. The

number of subframes that are mismatched and can potentially interfere depends on the

topology of the communication system 200 and the subframe allocations used by the cells

205.

Figure 2B conceptually illustrates the subframe allocations 210 corresponding to the

allocations associated with the cells 205 illustrated in Figure 2A. In the illustrated

embodiment, the subframe allocations show the allocation of 1 ms subframes that have a

periodicity of 5 ms (for the subframes 210(1,2)) or 10 ms (for the subframe 210(3)). The



subframes can be allocated to downlink (D), uplink (U), or special (S) subframes. The

subframe allocation 210(1) is repeated to facilitate a comparison with the allocation of the

subframe allocation 210(3). In the illustrated embodiment, the subframe allocations 210(1, 2)

are mismatched in two subframes, as indicated by the double headed arrows. The fourth and

ninth subframes are allocated to uplink (U) transmissions for the subframe allocation 210(1)

but they are allocated for downlink (D) transmissions in the subframe allocation 210(2).

These mismatched allocations are potential candidates for BS-to-BS interference. The

subframe allocations 210(2, 3) are mismatched in four subframes indicated by the double

headed arrows and the subframe allocations 210(1, 3) are mismatched in four subframes

indicated by the double headed arrows. These mismatched subframes are also potential

candidates for BS-to-BS interference.

Figure 3 conceptually illustrates a first exemplary embodiment of a method 300 of

coordinating transmissions from base stations in a time division duplex wireless

communication system. In the illustrated embodiment, a base station or eNB detects (at 305)

that interference may be present in one or more subframes allocated for uplink transmissions

scheduled to be transmitted from user equipment to the base station, which may be referred to

as an interfering base station because it schedules the uplink transmissions that may lead to

UE-to-UE interference. The subframe allocation may be selected from a set of subframe

allocations supported by the deployment, as discussed herein. The base station may then

determine (at 310) whether the interference may be caused by a mismatch between the

subframe allocation of the interfering base station and a subframe allocation of another

(interfered) base station or eNB. The interfering base station may continue to monitor

interference conditions (e.g., the number of user equipment that the interfering base station

has scheduled for uplink transmission) as long as the interference is not caused by a



mismatch in the subframe allocations. However, if the subframe allocation of the interfering

base station is mismatched with the subframe allocation of the other base station, the

interfering base station may transmit (at 315) a message indicating the presence of

interference and the subframe allocation mismatch to the other base station. For example, the

base stations may exchange this information over an X2 interface.

One exemplary message that may be transmitted to indicate the presence of

interference and the subframe allocation mismatch may be a modified uplink high

interference indicator. For example, Section 9.2.17 of TS 36.423, defines a conventional

information element (IE) that contains a conventional high interference indicator. This IE

provides, per physical resource block (PRB), a 2 level report on interference sensitivity. The

interaction between the indication of UL Overload and UL High Interference indicator is

implementation specific. The conventional definition of the high interference indicator is

given by:

Embodiments of the techniques described in the present application may use a

different information element that can be seen as a modified version of the conventional high

interference indicator. In one embodiment, the modified information element (IE) provides,

per PRB, a 2 level report on interference sensitivity and a Boolean value that is set to TRUE

to indicate a mismatch between the subframe allocations of the base station that transmits the



high interference indicator and the recipient base station. The interaction between the

indication of UL Overload and UL High Interference is implementation specific. The

definition of one embodiment of the modified high interference indicator is given by:

The high interference indicator may use a single bit Flag to indicate the mismatch

between the subframe assignments. The base station recipient of the adapted high

interference indicator can use implementation specific steps to mitigate the UE-to-UE

interference indicated in the message. For example, the recipient base station may stop

scheduling downlink transmissions to affected UEs when the interference indicator indicates

that a large number of uplink transmissions have been scheduled by the interfering base

station. In one embodiment, the message informs the recipient eNB of the TDD subframe

assignment at the interfering base station. In the illustrated embodiment, the format of the

Rel-10 HII may be left unchanged but an optional Flag bit (TDD UL-DL Mismatch Flag) can

be added. In this case, the interfering base station may inform the interfered eNB of the

presence of high interference (e.g. , due to scheduling large numbers of uplink transmissions

from user equipment) and the mismatch of the TDD subframe allocation. This mismatch

could be due to changes in the subframe allocations at either of the base stations. Since the



current TDD subframe allocation IE can be signaled in this technique, embodiments of the

modified high interference indicator may provide an "indirect" IE to signal the mismatch. In

one embodiment, the TDD UL-DL Mismatch Flag may be an optional flag in the information

element.

Figure 4 conceptually illustrates a second exemplary embodiment of a method 400 of

coordinating transmissions from base stations in a time division duplex wireless

communication system. In the illustrated embodiment, user equipment that are experiencing

interference can be identified, e.g., by the interfered base station. For example, interference

at different user equipment can be identified using radio link failure statistics, restricted

measurements performed by user equipment and configured at an associated base station,

channel quality measurements of downlink transmissions, and the like. When the interfered

base station determines that scheduled uplink transmissions to the interfering base station is

interfering with reception of downlink signals at user equipment associated with the

interfered base station, the interfered base station can transmit a message that is received (at

405) by the other (interfering) base station. For example, the base station may receive (at 405)

this information over an X2 interface.

The interfered base station can instruct (at 410) associated user equipment to perform

measurements of interference in one or more subframes of the time division duplex frame. In

one embodiment, when faced with high interference, user equipment can be signaled and

instructed to perform (at 415) a restricted pattern measurement. This approach may be used

when the interfering base station has configured almost blank subframes (ABS) on the

downlink so that the restricted measurements can be performed concurrently with the

downlink ABS Alternatively, user equipment can be instructed (at 410) to perform (at 415)

restricted measurements for the purpose of measuring the interference in a TDD deployment



where adjacent cells are configuring or changing their subframe allocations in a dynamic

manner. For example, user equipment can be instructed (at 410) to perform (at 415) radio

link monitoring measurements, radio resource management measurements, channel state

information measurements, and the like. The base station may re-use existing Rel-10

functionalities to signal user equipment to perform (at 415) restricted measurement on a

specific uplink subframe and the base station may support the measurements by bypassing

scheduling of uplink transmissions for the user equipment so that the user equipment can

perform (at 415) the downlink measurements of interference from other user equipment or

any other sources.

User equipment can report (at 420) results of the measurements to the corresponding

base station. For example, user equipment can report a reference signal received quality

(RSRQ), a reference signal received power (RSRP), or other measurement results that may be

determined by performing measurements on a common reference signal transmitted by one or

more base stations such as the interfering base station. If the reports indicate that user

equipment is experiencing high downlink interference, e.g., when the received quality or

power of the common reference signal is above a threshold value, the interfered base station

may determine (at 425) if there is a mismatch between the subframe allocations of the

interfered and interfering base stations. As long as there is no mismatch, the interfered base

station can continue to wait to receive (at 405) other messages indicating a possible mismatch

and downlink interference.

When the base station determines (at 425) that a mismatch between subframe

allocations exists, the base station can transmit (at 430) a message to inform the interfering

base station of the mismatch and the interference. In one embodiment, the base station

transmits (at 430) a high interference indicator. For example, the base station may transmit



(at 430) an information element including a modified TDD Subframe DL High Interference

Indicator (Subframe DL-HII):

This embodiment of the high interference indicator includes a bit string and each position in

the bit string is associated with a different subframe. Values of each bit can indicate the

presence of high interference in the corresponding subframe. In some alternative

embodiments, the information element may be used to facilitate frequent TDD Subframe

Allocation IE changes on timescales of the order of multiples of 10ms, which is significantly

different than the current capability of the TDD Subframe Allocation IE. Other alternative

embodiments may include transmitting timing information such as a bitmap with specified

periodicity with granularity of multiple of 10ms that is associated with the Subframe

Assignment. IE and/or a timer to indicate the validity of the TDD Subframe Assignnment IE

and/or other methods that can be used to indicate or represent a "time to live" for the

information element.

One or more of the base stations may modify (at 435) their transmission parameters in

response to transmission of the message indicating interference and the mismatch between

the subframe allocations. In one embodiment, the recipient of the IE (e.g., the interfering

base station) may use implementation specific steps to mitigate the UE-to-UE interference

indicated in the message. For example, the interfering base station may stop scheduling

uplink transmissions in the conflicting or mismatched subframe. For another example, the

interfered base station may stop scheduling transmissions to affected user equipment over the



conflicting or mismatched downlink subframe once the base station realizes that the

interference is due to a subframe allocation mismatch such as a mismatch created due to a

DL-UL subframe reconfiguration at either the interfering or the interfered base station.

Alternatively, the interfered base station could inform the interfering base station of its

current status by reporting a relative narrowband transmit power (RNTP) bitmap that the

interfered base station expects to receive from the interfering base station.

Portions of the disclosed subject matter and corresponding detailed description are

presented in terms of software, or algorithms and symbolic representations of operations 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.

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 so ware implemented aspects of the disclosed subject matter are

typically encoded on some form of program storage medium or implemented over some type

of transmission medium. The program 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. The disclosed subject matter is not limited by these aspects of any given implementation.

The particular embodiments disclosed above are illustrative only, as the disclosed

subject matter may be modified and practiced in different but equivalent manners apparent to

those skilled in the art having the benefit of the teachings herein. Furthermore, no limitations

are intended to the details of construction or design herein shown, other than as described in

the claims below. It is therefore evident that the particular embodiments disclosed above

may be altered or modified and all such variations are considered within the scope of the

disclosed subject matter. Accordingly, the protection sought herein is as set forth in the

claims below.



WHAT IS CLAIMED IS:

1. A method, comprising:

transmitting, from a first base station to a second base station, a message indicating

that the first base station is configured for scheduling uplink transmissions from first user

equipment in at least one subframe of a time division duplex frame, wherein the message is

transmitted when the second base station is configured for downlink transmission to a second

user equipment in said at least one subframe.

2. The method of claim 1, comprising determining that there is a mismatch between a

first subframe allocation used by the first base station and a second subframe allocation used

by the second base station so that said at least one subframe is allocated for uplink

transmissions to the first base station and downlink transmissions from the second base

station.

3. The method of claim 2, comprising transmitting the message in response to

determining that the mismatch exists between the first and second subframe allocations.

4. The method of claim 2, wherein determining that there is a mismatch comprises

determining that there is a mismatch in response to a first modification of at least one of the

first subframe allocation or the second subframe allocation.

5. The method of claim 4, comprising performing a second modification of said at least

one of the first subframe allocation or the second subframe allocation in response to

determining that the first modification generated the mismatch.



6 . The method of claim 2, comprising bypassing scheduling uplink transmissions from

the first user equipment in response to determining that there is a mismatch between the first

and second subframe allocations.

7. The method of claim 2, comprising receiving a second message from the second base

station at the first base station, wherein the second message indicates that the second user

equipment is receiving interference in said at least one subframe.

8. The method of claim 7, comprising bypassing scheduling of uplink transmissions

from the first user equipment in said at least one subframe when the information received

from the second user equipment indicates that the second user equipment is receiving

interference in said at least one subframe.

9 . A method, comprising:

receiving, from a first base station at a second base station, a first message indicating

that the first base station is configured for scheduling uplink transmissions from first user

equipment in at least one subframe of a time division duplex frame, wherein the first message

is transmitted when the second base station is configured for downlink transmission to a

second user equipment in said at least one subframe.

10. T e method of claim 9, comprising bypassing scheduling downlink transmissions to

the second user equipment in said at least one subframe in response to receiving the message.



11. The method of claim 9, comprising instructing, in response to receiving the first

message, the second user equipment to perform at least one of a radio link monitoring

measurement, a radio resource management measurement, or a channel state information

measurement in said at least one subframe.

12. The method of claim 1, comprising receiving information from the second user

equipment that is indicative of said at least one radio link monitoring measurement, radio

resource management measurement, or channel state information measurement performed

during said at least one subframe.

13. The method of claim 12, comprising transmitting a second message from the second

base station to the first base station, wherein the second message indicates that the second

user equipment is receiving interference in said at least one subframe.

14. The method of claim 13, comprising bypassing downlink transmissions to the second

user equipment in said at least one subframe when the information received from the second

user equipment indicates that the second user equipment is receiving interference in said at

least one subframe.

15. A method, comprising:

receiving, at first user equipment from a first base station, a first message instructing

the user equipment to perform at least one measurement during at least one subframe in a

time division duplex frame, wherein the first message is received in response to the first base

station determining that a second base station is configured for scheduling uplink

transmissions from second user equipment in said at least one subframe and the first base



station is configured for downlink transmission to the first user equipment in said at least one

subframe.

16. The method of claim 15, wherein the first message instructs the first user equipment

to perform at least one of a radio link monitoring measurement, a radio resource management

measurement, or a channel state information measurement in said at least one subframe.

17. The method of claim 16, comprising performing said at least one of the radio link

monitoring measurement, the radio resource management measurement, or the channel state

information measurement in said at least one subframe.

18. The method of claim 17, comprising transmitting a second message to the first base

station, wherein the second message comprises information indicative of said at least one

radio link monitoring measurement, radio resource management measurement, or channel

state information measurement performed during said at least one subframe.

19. The method of claim 18, wherein transmitting the second message comprises

transmitting a second message comprising at least one of a reference signal received quality

(RSRQ) or a reference signal received power (RSRP) determined by performing at least one

measurement on a common reference signal transmitted by the second base station.













International application No.INTERNATIONAL SEARCH REPORT
PCT/CN2012/070739

A. CLASSIFICATION OF SUBJECT MATTER

H04W72/04(2009.01) i

According to International Patent Classification (IPC) or to both national classification and IP C

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: H04B, H04L, H04Q, H04W

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

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNABS, CNTXT, CNKI, DWPI, SIPOABS,3GPP, IEEE: TDD, time division duplex, base station, Node B, NB, eNB,

mobile, user equipment, UE, interference, uplink, downlink, subframe, allocation, interface, X2

C . DOCUMENT S CONSIDERED TO BE RELEVANT

Category' Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X CN102271414A (INST. TELECOM SCI&TECHNOLOGY MIN. O.) 1- 19

07 Dec. 201 1 (07.12.201 1) See description paragraphs 0028-0038, figures 1-6

A CN1021 58910A (INST. TELECOM SCI&TECHNOLOGY MIN. O.) 1- 19
17 Aug. 201 1 (17.08.20 11) See the whole document

A CN102065490A (DATANGMOBILE COMMUNICATIONS EQUIP. CO.) 1- 19
18 May 201 1 (18.05.201 1) See the whole document

A WO201 1/077288A2 (TELEFONAKTIEBOLAGET L M ERICSSON (PUBL) ) 1- 19
30 Jun. 201 1 (30.06.201 1) See the whole document

l~~l Further documents are listed in the continuation of Box C . 1 See patent family annex.

Special categories of cited documents: "T" later document published after the international filing date
or priority date and not in conflict with the application but

document defining the general state of the art which is not cited to understand the principle or theory underlying the
considered to be of particular relevance invention

earlier application or patent but published on or after the "X" document of particular relevance; the claimed invention

international filing date cannot be considered novel or cannot be considered to involve
an inventive step when the document is taken alone

document which may throw doubts on priority claim (S) or
"Y" document of particular relevance; the claimed invention

which is cited to establish the publication date of another
cannot be considered to involve an inventive step when the

citation or other special reason (as specified) document is combined with one or more other such
document referring to an oral disclosure, use, exhibition or documents, such combination being obvious to a person

other means skilled in the art

'P document published prior to the international filing date " & "document member of the same patent family

but later than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

10 Oct. 2012(10.10.2012) 15 Nov. 2012 (15.11.2012)
Name and mailing address of the ISA/CN Authorized officer
The State Intellectual Property Office, the P.R.China
6 Xitucheng Rd., Jimen Bridge, Haidian District, Beijing, China YAO,Hongying
100088 Telephone No. (86-10 )624114 14
Facsimile No. 86-10-62019451

Form PCTTSA /210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

PCT/CN2012/070739

Patent Documents referred Publication Date Patent Family Publication Date
in the Report

CN102271414A 07. 12.201 1 None

CN1021 58910A 17.08.201 1 None

CN102065490A 18.05.201 1 None

WO201 1/077288A2 30.06.201 1 WO201 1077288A3

US201 114981 3A1

Form PCT ISA /210 (patent family annex) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

