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

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date
4 November 2010 (04.11.2010) WO 2010/125427 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
H04W 72/08 (2009.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,

PCT/IB2009/05 1772 EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,

30 April 2009 (30.04.2009) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,

(25) Filing Language: English NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,

(26) Publication Language: English SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant (for all designated States except US): NOKIA
CORPORATION [FIZFI]; Keilalahdentie 4, FIN-02150 (84) Designated States (unless otherwise indicated, for every

Espoo (FI). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

(71) Applicant (for LC only): NOKIA INC. [USZUS]; 102 ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Corporate Park Dr., White Plains, New York 10604 (US). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

(72) Inventors; and ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),(75) InventorsZApplicants (for US only): WANG, Haiming

[CNZCN]; Room 1403, Unit 5, Building 101, Jiang, Fu Jia OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,

Yuan, Jiang Tai Road, Chao Yang District, Beijing, MR, NE, SN, TD, TG).

100016 (CN). XU, Shaoyi [CNZCN]; Room 8-602, Build Declarations under Rule 4.17:
ing 28#, Xin Long, Cheng, Chang Ping District, Beijing,

— of inventorship (Rule 4Λ 7(iv))
100096 (CN). PENG, Tao [CNZCN]; Room 1-1 12,
Building 20, ZaoJunDongLi, Haidian District, Beijing, Published:
100081 (CN). LU, Qianxi [CNZCN]; Room 808, Build

— with international search report (Art. 21(3))
ing No. 8, Beijing, University Of Posts and Telecommuni
cations, Beijing, 100876 (CN).

(74) Agents: QUIRK, Nathaniel T. et al; Alston & Bird,
LLP, Bank of America Plaza, 101 South Tryon Street
Suite 4000, Charlotte, North Carolina 28280 (US).

(54) Title: METHOD AND APPARATUS FOR MANAGING DEVICE-TO-DEVICE INTERFERENCE

(57) Abstract: Various methods for managing device-to-device interference are provided. One example method includes receiving
an expected interference level for a resource block, where the expected interference level is represented by data indicative of inter
ference associated with the resource block due to device-to-device communications using the resource block. The example method
further includes selecting the resource block for a device-to-device communications session based at least in part on the expected
interference level for the resource block. Similar and related example methods and example apparatuses are also provided.



METHOD AND APPARATUS FOR MANAGING DEVICE-TO-DEVICE INTERFERENCE

TECHNICAL FIELD

Embodiments of the present invention relate generally to mechanisms that support

wireless communications, and, more particularly, relate to a method and apparatus for managing

device-to-device interference.

BACKGROUND

In many cellular communications systems, communications from one user equipment (UE)

is routed through a node (e.g., a base station, access point, or the like) to another UE. The

operation of the node not only provides a routing mechanism for the cellular network, the node

may also perform resource management within an associated cell, since the node is privy to all

communications within the cell. However, due to the potential for increased data transfer rates

and increased system bandwidth, system designers are now considering the implementation of ad-

hoc networks, or Device-to-Device (D2D) networks without a central routing device, together with

cellular communications systems to generate hybrid systems. The ad-hoc portions of the hybrid

system may conduct communications directly between UEs, with routing the communications

through the node. However, due to the need to share resources between the ad-hoc portions and

the cellular portions of the hybrid network, interference can occur.

BRIEF SUMMARY

Methods and apparatus are described that provide for management of device-to-device

interference within hybrid networks. According to an example embodiment of the present

invention, a collection of expected interference levels associated with respective resource blocks

(e.g., an expected interference level table) may be determined by a node. An expected

interference level may be determined based upon measured time-variant interference associated

with a respective resource block, as well as UE characteristics and/or quality of service

requirements for the resource block. The node may transmit (e.g., broadcast) the expected

interference levels to the UEs to facilitate informed decision making by UEs with regard to

resource block selection for D2D communications. The node may also transmit updated expected

interference levels for use by the UEs.

In accordance with various example embodiments, a UE implements informed Radio

Resource Management (RRM) for radio resource allocation, transmission power determination,

Mobile Switching Center (MSC) selection, or the like to limit interference when using D2D



communications. According to some example embodiments, the UE manages the interference in

an autonomous fashion with limited signaling overhead from the node. In accordance with various

example embodiments, a node may optimize a hybrid communications system by flexibly

controlling the D2D interference via the expected interference values to either improve

performance of the cellular portion of the system (e.g., limit D2D communications) or improve

performance of the ad-hoc/D2D portion of the system (e.g., allow for increased D2D

communications).

Various example embodiments of the present invention are described herein. One

example embodiment is a method for managing D2D interference. The example method includes

receiving an expected interference level for a resource block where the expected interference level

is represented by data indicative of interference associated with the resource block due to device-

to-device communications using the resource block. The example method may also include

selecting the resource block for a device-to-device communications session based at least in part

on the expected interference level for the resource block. According to various other example

methods, a plurality of expected interface levels for respective resource blocks may be received,

and selection may be performed with respect the plurality of expected interface levels for

respective resource blocks.

Another example embodiment is an example apparatus for managing D2D interference.

The example apparatus comprises a processor and a memory storing instructions that, in

response to execution of the instructions by the processor, cause the example apparatus to

perform various functions. The example apparatus is caused to receive an expected interference

level for a resource block, where the expected interference level is represented by data indicative

of interference associated with the resource block due to device-to-device communications using

the resource block. The example apparatus may also be caused to select the resource block for a

device-to-device communications session based at least in part on the expected interference level

for the resource block.

Another example embodiment is an example computer program product for managing

D2D interference. The example computer program product comprises at least one computer-

readable storage medium having executable computer-readable program code instructions stored

therein. The computer-readable program code instructions of the example computer program

product are configured to receive an expected interference level for a resource block where the

expected interference level is represented by data indicative of interference associated with the

resource block due to device-to-device communications using the resource block. The computer-

readable program code instructions of the example computer program product are further

configured to select the resource block for a device-to-device communications session based at

least in part on the expected interference level for the resource block.

According to another example embodiment, an example apparatus for managing D2D

interference is provided. The example apparatus includes means for receiving an expected

interference level for a resource block where the expected interference level is represented by

data indicative of interference associated with the resource block due to device-to-device



communications using the resource block. The example apparatus may also include means for

selecting the resource block for a device-to-device communications session based at least in part

on the expected interference level for the resource block.

Another example method for managing D2D interference may include receiving an

interference measurement associated with a resource block and determining an expected

interference level for the resource block based at least in part on the interference measurement.

The example method may further include providing for transmission of data indicative of the

expected interference level in association with the resource block to one or more communications

devices to facilitate a selection of the resource block for device-to-device communications based at

least in part on the expected interference level. In some example methods, receiving an

interference measurement associated with a resource block may include receiving a plurality of

interference measurements associated with respective resource blocks and determining expected

interference levels for the resource blocks based at least in part on the respective interference

measurements.

Another example embodiment is an example apparatus for managing D2D interference.

The example apparatus comprises a processor configured to perform various functions or cause

the example apparatus to perform various functions. The processor of the example apparatus is

configured to receive an interference measurement associated with a resource block and

determine an expected interference level for the resource block based at least in part on the

interference measurement. The processor of the example apparatus may also be configured to

provide for transmission of data indicative of the expected interference level in association with the

resource block to one or more communications devices to facilitate a selection of the resource

block for device-to-device communications based at least in part on the expected interference

level.

Another example embodiment is an example computer program product for managing

D2D interference. The example computer program product comprises at least one computer-

readable storage medium having executable computer-readable program code instructions stored

therein. The computer-readable program code instructions of the example computer program

product are configured to receive an interference measurement associated with a resource block

and determine an expected interference level for the resource block based at least in part on the

interference measurement. The computer-readable program code instructions may also be

configured to provide for transmission of data indicative of the expected interference level in

association with the resource block to one or more communications devices to facilitate a selection

of the resource block for device-to-device communications based at least in part on the expected

interference level.

BRIEF DESCRIPTION OF THE DRAWING(S)

Having thus described the invention in general terms, reference will now be made to the

accompanying drawings, which are not necessarily drawn to scale, and wherein:



FIG. 1 illustrates a hybrid D2D and cellular communications system according to various

example embodiments of the present invention;

FIG. 2a illustrates an example table for expected interference levels according to various

example embodiments of the present invention;

FIG. 2b illustrates another example table for expected interference levels according to

various example embodiments of the present invention;

FIG. 2c illustrates another example table for expected interference levels according to

various example embodiments of the present invention;

FIG. 2d illustrates another example table for expected interference levels according to

various example embodiments of the present invention;

FIG. 3a illustrates an example configuration of cells for soft frequency reuse according to

various example embodiments of the present invention;

FIG. 3b illustrates an example bandwidth division for soft frequency reuse according to

various example embodiments of the present invention;

FIG. 4 illustrates example ranges for expected interference level calculation according to

various example embodiments of the present invention;

FIG. 5 illustrates an example signaling diagram for implementing D2D interference

management according to various example embodiments of the present invention

FIG. 6 illustrates a block diagram of an example resource block selection apparatus for

managing D2D interference according to various example embodiments of the present invention;

FIG. 7 illustrates a block diagram of an example expected interference level generation

apparatus for managing D2D interference according to various example embodiments of the

present invention;

FIG. 8a illustrates an example method for managing D2D interference from the

perspective of a resource block selection apparatus according to various example embodiments of

the present invention; and

FIG. 8b illustrates an example method for managing D2D interference from the

perspective of an expected interference level generation apparatus according to various example

embodiments of the present invention.

DETAILED DESCRIPTION

Example embodiments of the present invention will now be described more fully

hereinafter with reference to the accompanying drawings, in which some, but not all embodiments

of the invention are shown. Indeed, the invention may be embodied in many different forms and

should not be construed as limited to the embodiments set forth herein; rather, these embodiments

are provided so that this disclosure will satisfy applicable legal requirements. Like reference

numerals refer to like elements throughout. The terms "data," "content," "information," and similar

terms may be used interchangeably, according to some example embodiments of the present

invention, to refer to data capable of being transmitted, received, operated on, and/or stored.

FIG. 1 depicts a portion (e.g., a cell) of an example hybrid cellular/D2D network 100 in

accordance with various embodiments of the present invention. The network 100 includes a node



101, and a plurality of UEs (e.g., TxUE 102, RxUE 104, CeUEI 106, and CeUE2 108). The node

101 may be configured as any type of access point or base station that supports cellular

communications. For example, the node 101 may be configured as an eNodeB (eNB) within a

Long-Term Evolution (LTE) communications system. The cellular communications may utilize

Frequency Division Duplexing (FDD) or Time Division Duplexing (TDD). Node 101 may also be

configured to facilitate or otherwise allow the implementation of an ad-hoc networking between

UEs within range of the node 101 via D2D communications sessions.

The UEs may be any type of wireless communications devices configured to implement

cellular communications, such as LTE, via the node 101. For example, CeUEI 106 and CeUE2

108 are depicted as currently being in cellular communication with each other via the node 101 .

The UEs may also be configured to support D2D communications. D2D communications may

involve direct communications between two UEs or relay communications via UEs, and the D2D

communications may be implemented using TDD. In this regard, TxUE 102 and RxUE 104 are

depicted in FIG. 1 as being in communication via a D2D communications session. TxUEI 02 is

currently the transmitting UE in the D2D communication session and RxUE 104 is currently the

receiving UE in the D2D communications session.

The portion of the hybrid network 101 that operates in the cellular communication mode

utilizes the node 101, and possibly other nodes, as a centralized controller. As the centralized

controller, the node 101 may be involved in all communications within the node's cell. As such,

node 101 may provide for resource control and interference control for cellular communications

within the cell.

When UEs are near each other, or a D2D connection is otherwise possible, increasingly

efficient communications may be achieved by using the D2D connection. For example,

communications via the cellular communication mode may require twice the resource utilization

due to the communications between the UEs and the node. Additionally, D2D communications

may also achieve higher data rates between the UEs, while reducing the communications load on

the node. Accordingly, hybrid networks, of the type depicted in FIG. 1 may provide improved

system performance.

Since UEs in the hybrid network 100 may operate in either D2D mode or in cellular

communication mode, frequency resources may be shared between the modes. Due to this

sharing of resources, interference on shared resources may occur within the system when

simultaneous communications are conducted in the cellular mode and the D2D mode. The use of

omni-directional antennas by the UEs may further increase the likelihood of interference.

Referring to FIG. 1, the signal transmitted by TxUE 102 may interfere with the uplink (UL)

data transmission of CeUEI 106 and CeUE2 108. Since CeUE2 108 is near the edge of the cell,

CeUE2 108 may be increasingly susceptible to interference generated by TxUE 102. IfTxUE 102

reuses CeUE2's UL frequency resources for the D2D data transmission to RxUE 104, the UL

transmission of CeUE2 108 may suffer from the associated interference, and the performance of

CeUE2 108's communications may be degraded. However, in some instances, reuse of resources

may not be as problematic. For example, since CeUEI 106 is close to node 101, CeUEI 106 may



not be as susceptible to interference generated by TxUE 102. In this regard, if TxUE 102 reused

the resources allocated to CeUEI 106, rather than the resources allocated to CeUE2 108, and

possibly also controlled the transmission power, the negative effects of TxUE 102's transmissions

on the system may be relatively less.

Example embodiments of the present invention provide mechanisms for facilitating a UE's

selection of resources for utilization in D2D communications to lessen or avoid interference with

cellular communications. According to various example embodiments, a node (e.g., node 101)

may assist UEs in the selection of resources. In this regard, based on various inputs, such as the

UL Radio Resource Management (RRM) decisions, operator pre-set parameters, UL received

interference power, propagation loss between cellular UEs and the node, cellular UEs maximum

transmission power, and the like, a node may determine and update and expected interference

level, also referred to as an Explnterfere value, for each UL Resource Block (RB). The

Explnterfere values for the respective RBs may be compiled as a collection of data, such as in the

form of a table, which may be referred to as ExplnterfereTable, and broadcasted by a node to the

UEs within the associated cell. The UEs may receive the ExplnterfereTable and use the

Explnterfere values to make D2D RRM decisions, such as decisions regarding resource allocation,

transmission power, and the like so as to lessen or avoid harmful interference with the cellular UL.

The node may also be aware of the interference tolerance or quality of service attributes

associated with the RBs, and as such, the node may generate the Explnterfere values based on

the interference tolerance and/or quality of service attributes. The node may also be aware of the

cumulative effects caused by multiple simultaneous D2D transmissions, and the Explnterfere

values may be generated with regard to the multiple simultaneous D2D transmissions as well.

In this regard, a node, such as the node 101, may calculate and update the Explnterfere

values for each RB for each Transmit Time Interval (TTI). Updating of the Explnterfere values may

be needed due to dynamic resource allocation in cellular UL and resultant time-variant fluctuations

in the interference. Quality requirements may also be considered for each TTI.

Explnterfere values may be quantified with a defined number of bits denoting the accuracy

of the values. Quantification with larger numbers of bits may allow for elaborate interference

control with a heavier signaling overhead. On the other hand, a one-bit Explnterfere value may

provide information indicating whether an RB is allowed or forbidden to be reused for D2D data

transmission. For example, an allowed value may be a binary "1," while a forbidden value may be

a binary "0." According to various example embodiments, a trade-off may be implemented in the

design of the Explnterfere values between accuracy and overhead by adjusting by the number of

bits.

FIGs. 2a through 2d illustrate tables having example table designs for the content of an

ExplnterfereTable in accordance with various example embodiments of the present invention.

FIG. 2a provides a simplified table design where a separate Explnterfere value is associated with

each RB. FIG. 2b illustrates a table design that, in addition to the information provided in the table

design depicted in FIG. 2a, includes the identification of the UE (first column) currently allocated

the RB for cellular use. In this regard, the identity of the cellular UEs (UEs currently operating in a



cellular mode) may be broadcasted together with the Explnterfere values. The table design

depicted in FIG. 2b may also allow D2D UEs (UEs operating a D2D mode) to make use of the

included resource allocation information to avoid the interference from cellular UEs to D2D data

transmissions.

FIG. 2c depicts another table design that may reduce the signaling overhead relative to

the table design of FIG. 2b. The table design of FIG. 2c is implemented in accordance with an

example embodiment of the invention where Explnterfere values for RBs allocated to the same UE

are generated such that a single composite Explnterfere value is calculated for all RBs allocated to

the UE. The composite Explnterfere value for one UE may be a function of the RBs allocated to

the UE. In this regard, the composite Explnterfere value may be the linear average value of

determined Explnterfere values for each RB, or the composite Expltenfere value may be the

minimum value of the Explnterfere values for the RBs allocated to the UE. The composite

Explnterfere value may then be associated with one or more RBs allocated to the UE as depicted

in FIG. 2c. For comparison, the example RB allocation scenario of FIG. 2b is also utilized to

generate the table depicted in FIG. 2c.

FIG. 2d depicts yet another example table design in accordance with some example

embodiments of the present invention. The table design of FIG. 2d groups Explnterfere values by

sub-band, which may include a number of UEs. In this regard, the bandwidth utilized for

communications may be divided into a number of sub-bands, and Explnterfere values may be

generated and assigned to RBs allocated to UEs operating the sub-band. Sub-band division may

be static or at least semi-static, and the node may broadcast RB resources of each sub-band.

Generating Explnterfere values in accordance with sub-bands may be particularly useful in

systems that adopt Soft Frequency Reuse (SFR) schemes.

FIGs. 3a and 3b depict example sub-band definitions for an example implementation of

SFR. FIG. 3a depicts a geographic area covered by a multi-cell network including seven cell

areas, A , B, C, D, E, F, and G . In multi-cell networks, inter-cell interference may occur when

neighboring cells are assigned with the same frequency bandwidth, especially at or near the edge

of a given cell. SFR schemes may avoid this cell boundary interference by utilizing disparate

frequency sub-bands near the edges of the cells. To implement disparate frequency sub-bands,

the available frequency spectrum may be divided into a plurality of sub-bands. FIG. 3b depicts an

example implementation of SFR where three sub-bands are defined, namely sub-band 112, sub-

band 114, and sub-band 116. Note that while FIGs. 3a and 3b depict an example scenario with

three sub-bands, any number of sub-bands may be utilized for SFR schemes. The sub-bands may

be allocated for communications by UEs that are located near the cell edges (cell-edge UEs). The

sub-band areas may be defined such that adjacent cells use different sub-bands so as to avoid

overlapping frequencies. For example, referring to FIG. 3a, note that cell A uses sub-band 112,

and no adjacent cells also use sub-band 112. For UEs near the center of a cell (center-cell UEs),

the entire bandwidth 110 is available for communications.

In the SFR scenario depicted in FIGs. 3a and 3b, the inter-cell interference received on

different sub-bands may be different. As a part of the received interference of cellular UL, the



range and/or fluctuation of inter-cell interference may affect the setting of the Explnterfere value for

the sub-band. For example, in cell A of FIG. 3a, the inter-cell interference may be attributed

largely to interference on sub-band 116 and sub-band 114. The UEs on sub-band 112 may

receive interference caused by cell-center UEs in the neighboring cell. However, within each sub-

band, the interference environment may be similar and stable for long periods of time.

Considering the nature of the interference present in SFR schemes, such as the scheme

implemented with respect to FIGs. 3a and 3b, the ExplnterfereTable may be designed based on

sub-bands as depicted in FIG. 2d.

Regardless of the design of the table, the Explnterfere values may be received by the UEs

intending to open a D2D communications session. In this regard, a UE may be configured to

receive and possibly store the ExplnterfereTable for analysis in preparation for a D2D

communications session. The D2D UEs intending to share and/or reuse the cellular UL resources,

may also be configured to consider the Explnterfere values to make smart D2D RRM decisions,

such as resource allocation, power decision, and the like. Since each D2D UE may be aware of

the path loss to the node, the Explnterfere value for an RB may also be used to determine the

allowed transmission power in the RB. In some example embodiments, a D2D UE may be

configured to select an RB with an Explnterfere value that indicates that the RB may support a

higher transmission power for D2D communications to facilitate achieving a higher data rate. For

example, referring again to FIG. 1, CeUEI 106's UL transmission may be able to tolerate much

higher interference caused by D2D data transmission than CeUE2 108's UL transmission, due at

least in part to CeUEI 106's close proximity to node 101. Thus, TxUE 102 may select the RB

allocated to CeUEI for D2D communications, and avoid reusing the RBs allocated for CeUE2

108's UL transmission, and also use a higher transmission power to possibly achieve a higher data

rate.

Generation of the Explnterfere values for input into the ExplnterfereTable may be

performed in a variety of ways. Regardless of the manner in which the Explnterfere values are

generated or calculated, according to various example embodiments, the Explnterfere values may

be set for UL RBs to control the interference from D2D UEs to cellular UL transmissions.

Explnterfere values may be generated based at least in part on a measured amount of

interference currently associated with the resources of an RB. For RBs that bear different cellular

UL traffic with different quality requirements and different importance classes, the Explnterfere

values may be calculated and updated according to these parameters. In this regard, according to

various example embodiments, the update procedure for free RBs may be different than the

update procedure for allocated RBs. However, in accordance with various example embodiments,

aspects described below with respect to the generation of Explnterfere values for free RBs may be

applied to allocated RBs and vice versa.

Free RBs may be RBs that are not allocated for cellular UEs UL transmission in a

particular TTI or time duration. While free RBs may be used by D2D UEs for D2D data

transmission, interference issues may arise with respect to free RBs, and management of the

interference may be considered in a hybrid network. A node may set Explnterfere values to a



predefined default value PreExplnterfere for free RBs To stabilize the interference in the network,

Explnterfere values may be subsequently updated with the interference variation introduced to the

RBs

FIG 4 depicts example predefined ranges for the Explnterfere values for free RBs An

upper limit of total interference UpLimlnterfere 136 and a safe total interference Safelnterfere 134

may be defined to generate transition points between a safe range 130, an acceptable range 128,

and a dangerous range 126 for interference The UpLimlnterfere value 136 and Safelnterfere

value 134 may be defined by network operators to maintain network stability A value for

background noise Noise 132 associated with the RB may also be measured or otherwise obtained

After defining the ranges, measurements of the current interference associated with an RB may be

taken, for example, by a node The measurement may indicate that the current interference

associated with an RB may be in the safe range 130, the acceptable range 128, or the dangerous

range 126 Based on the range in which the current interference of the RB is located, the

calculation of the associated Explnterfere value may be altered

One calculation example of the initial Explnterfere value, or PreExplnterfere value, for free

RBs, may be via the following equation

Explnterfere = PreExplnterfere = 10*log( exp1 0(Safelnterfereh 0) - exp1 0{Noιseh 0) ) ( 1)

After defining the initial Explnterfere value, the Explnterfere value may be updated when

new interference measurements are available for the node, or changes to the interference are

otherwise ascertained or expected to occur When updating the Explnterfere value based on the

defined ranges, different Explnterfere update steps ∆ may be set The following equation may be

used for updating Explnterfere values in this regard

Explnterfere{i) = Exp/ ferfere(/-1 ) + ∆ (2)

Explnterfere(i) may be the updated value, Explnterfere{ι ) may be the previous

Explnterfere value, and ∆ may be the update step depending on the interference range that the

measured interference at the node falls within In this regard, if the measured interference falls

within the dangerous range, ∆_d may be used as the update step If the measured interference

falls within the acceptable range, ∆_a may be used as the update step, and if the measured

interference falls within the safe range, ∆_s may be used as the update step The update step set

of ∆_d/∆_a/∆_s may be defined based on a strategy for how the interference may be managed

For example, -1dB/0dB/1dB for respective values of the set may reflect that a more stable

interference management scheme is preferred, while -3dB/1dB/2dB for the respective values of

the set may indicate a more aggressive interference management scheme is being implemented

Further, based on various criteria, the values of the steps may be dynamically adjusted according

to the current network status In this regard, since PreExplnterfere value (e g ,

Explnterfere(PreExplnterfere)) may be an estimated value as described above, updating the



associated Explnterfere value, (e.g., Explnterfere(Explnterfere(i-1))) may be determined based on

interference measurement results.

The updated Explnterfere value may be compared to a MaxExplnterfere threshold value

to ensure that the Explnterfere value does not exceed the maximum allowed expected interference

for the RB. In the event that the interference exceeds the MaxExplnterfere threshold value, the

Explnterfere value for the RB may be set to a forbidden value to thereby disallow further use of the

RB for D2D communications. The MaxExplnterfere threshold value may be calculated using the

following:

MaxExplnterfere = 10* log( exp1 O(UpLimlnterfereh 0) - exp1 0(Λ/o/se/1 0) ) . (3)

While the example predefined ranges of FIG. 4 include three ranges, it is contemplated

that any number of ranges may be defined by defining additional range transitions. Larger

numbers of ranges may provide for a more elaborate interference control mechanism.

Allocated RBs, in contrast to free RBs, may be RBs that are currently allocated for cellular

UL transmissions in certain TTI or time duration. The allocated RBs may bear traffic with varying

Quality of Service (QoS) requirements and importance classes. The interference caused by D2D

UEs on these RBs may be controlled more carefully, taking into account QoS and traffic priority.

Similar to scheme used for free RBs, the interference on an allocated RB can be divided

into ranges (e.g., three ranges). A UpLimlnterfere value and a Safelnterfere value may again be

used as transition points between the ranges. However, for allocated RBs, the UpLimlnterfere

value and the Safelnterfere value may be determined based upon on UL RRM, UE characteristics,

and the like. In this regard, for example, the UpLimlnterfere value and the Safelnterfere value may

be calculated as follows:

UpLimlnterfere = {MaxTxPower - 10*\og(NumOfAllocRb) - Pathloss - SinrTarget) (4)

Safeϋ mlnterfere = m\n{UpLimlnterfere - ReservedMargin, Reclnterfere + AllowMargin) (5)

where all the values in the equations are Decibel (dB) values, except NumOfAllocRb.

MaxTxPower may be the maximum transmission power of a cellular UE allocated the RB.

According to some example embodiments, the MaxTxPower value may be obtained from the UE

category exchanged during a random access procedure. NumOfAllocRb may be the number of

allocated RBs for the same cellular UE. NumOfAllocRb may be obtained via UL RRM information.

Pathloss may be the propagation loss between the cellular UE and the node. The cellular UE may

report a Reference Signal Received Power (RSRP) measurement to node, if required. Based on

the RSRP measurement, the node may calculate the path loss between the node and cellular UE.

SinrTarget may be the Signal to Interference-plus-Noise Ratio (SINR) target of the RB. SinrTarget

may be determined by the Modulation and Coding Scheme (MCS) selected by the node for the

RB.



The ReservedMargin may be the interference margin reserved for the associated UE that

has been allocated the RB, based on QoS requirements and traffic class. The ReservedMargin

value may be used to resist the impact of fast fading, interference fluctuation, and the cumulative

effects of the interference caused by multiple simultaneous D2D transmissions. The

ReservedMargin may vary based upon the UE and the traffic to reflect changes in QoS

requirements and service classes. Reclnterfere may be the received interference power on the

associated RB. According to some example embodiments, Reclnterfere may be obtained by the

node, since the received interference power of an RB is a required measurement in TS 36.214.

The AllowMargin may be the allowed interference margin for the RB based on the received

interference power and considering the capability of UL power control and Hybrid Automatic

Repetition Request (HARQ).

Having defined the transition points for the ranges, the calculation of Explnterfere values

may be performed for the allocated RBs. The calculation of the Explnterfere values may

conducted in a similar fashion as described with the respect to the free RBs, where an initial

Explnterfere value may be determined by:

Explnterfere = PreExplnterfere = 10*log( exp1 0(Safelnterfereh O) - exp1 0(Λ/o/se/1 0) ) . ( 1)

and updates to the Explnterfere value may be determined via:

Explnterfere(i) = Explnterfere(iA) + ∆ . (2)

Since dynamic RRM may be used in LTE systems, the time-variant resource allocation

may require that Explnterfere values be updated in each TTI, while also considering interference

stability. Based on range division of the nodes received interference, the similar Explnterfere

update process given in equation (2) for free RBs can be also used for allocated RBs. However,

the values of the update steps ∆_d/∆_a/∆_s may be different. For example, -3dB/-1dB/1dB

may be used to maintain the total interference near Safelnterfere. As described above with

respect to the free RBs, any number of interference ranges may be defined and utilized to enable

a more or less elaborate interference control system. Again, through adjustment of update steps,

and other parameters mentioned above for Explnterfere calculation and update, a network

operator may flexibly control the D2D interference to trade off between cellular performance and

D2D performance.

Also, for some special RBs carrying traffic with strict performance requirements, a special

forbidden value ForbidExplnterfere may be set as Explnterfere for the RBs. As a result, D2D UEs

may be notified that these RBs are forbidden from selection for D2D transmission. Example RBs

in this regard may include RBs for cellular UL signaling, such as the Physical Downlink Control

Channel (PUCCH) and the Physical Random Access Channel (PRACH).

FIG. 5 illustrates an example signaling flow scenario for D2D interference management

involving UEs and a node in accordance with various example embodiments of the present



invention. FIG. 5 illustrates the signaling flow using the node 104, and the UEs (TxUE 100, RxUE

102, CeUEI 106, and CeUE2 108) depicted in FIG. 1.

The signaling flow of FIG. 5 may begin with a handshake and competition procedure

between TxUE 100 and RxUE 102 as part of an initial process for implementing D2D

communications between TxUE 100 and RxUE 102. The handshake and competition procedure

may include a Ready to Send (RTS) communication 150 and a Clear to Send (CTS)

communication 152. Via the handshake and competition procedure, D2D signaling and data

transmissions may follow the same frame structure of cellular network. As such, the time

relationship for communications may be well defined, and D2D UEs (e.g., TxUE 100 and RxUE

102) may be aware of which resource may be utilized through the handshake and competition

procedure (RTS/CTS) at a specific time.

Node 104 may make RRM decisions for cellular UL transmissions and transmit the

decisions in the UL Assignment (PDCCH) communication 156. The associated UL assignment

information sent on PDCCH may include the resource allocation information and the selected

MCS. In the example scenario of FIG. 5 , the UL Assignment (PDCCH) communication 156 may

be provided to CeU E2 108. According to various example embodiments, the cellular UL resource

may be allocated to CeUEI 106 and CeUE2 108 in the resource allocated by UL assignment

included in the PDCCH. As a result, the data transmission of CeUEI 106 and CeUE2 108 need

not be time-division multiplexed, but rather frequency-division multiplexed because of the LTE

characteristic.

Based on the cellular UL RRM, parameters set by a system operator, and/or available

measurement results, node 104 may calculate and update an Explnterfere value for each UL RB.

An ExplnterfereTable composed of all the Explnterfere values may be generated and broadcast by

node 104 in communication 154. Communication 154 may be provided in the same TTI as the

communication 156, when the related UL assignment information was sent. According to some

example embodiments, the ExplnterfereTable may be sent with a predefined delay from the

related PDCCH. The delay may be constant and known by the D2D UEs. For example, the

constant delay could be included in the system information and broadcasted in the Physical

Broadcast Channel (PBCH) to inform the D2D UEs of the delay.

The D2D UEs may decode the ExplnterfereTable, and analyze the Explnterfere values for

each the UL RBs. Based on the Explnterfere values, D2D UEs may conduct D2D RRM decisions,

such as resource allocation decisions for D2D transmissions, power decisions, and the like. In the

example scenario of FIG. 5 , the broadcast ExplnterfereTable is received and analyzed by TxUE

100. TxUE 100 desires to open a D2D communications session with RxUE 102. To do so, TxUE

100 transmits a DataCtrl communication 158 to RxUE 102. The DataCtrl communication 158 may

include information for D2D data detection and decoding, such as resource information, data

format, HARQ information, and the like. A defined time relationship may allow both TxUE 100 and

RxUE 102 to identify which resource to use, with the associated DataCtrl information.

A D2D transmission may be provided according to the D2D RRM decisions made based

on the Explnterfere values. In the example scenario of FIG. 5 , the resource allocated to CeUEI



106 may be chosen to be reused and transmission in the reused resource may occur at 162, while

the resource allocated to CeUE2 108 may be avoided and/or rejected for use at 160. Further, the

RxUE 102 may send an acknowledgement (ACK) or an unacknowledgement (NACK) 164 to TxUE

100 according to the received data.

In the example scenario described above, the example handshake and competition

mechanism (e.g. RTS 150 and CTS 160) are included, but are not required for implementation of

various example embodiments of the present invention. However, the handshake and competition

mechanism may provide a guarantee that D2D RRM signaling may be completed successfully

between a given set of devices. The handshake and competition mechanism may implement a

resource competition procedure with RTS/CTS before the UL resource grant to thereby compete

for the resource in future. After receiving the ExplnterfereTable, D2D UEs may then determine the

transport format parameters, and send the parameters in DataCtrl 158. According to various

example embodiments, additional signaling exchange between TxUE 100 and RxUE 102 may not

be required. Accordingly, time requirements for implementing interference control may be

satisfied.

The description provided above and generally herein illustrates example methods,

example apparatuses, and example computer program products for managing D2D interference.

FIGs. 6 and 7 illustrate example embodiments of the present invention in the form of an example

apparatuses 200 and 300 that are configured to perform various aspects of the present invention

as described herein. The apparatus 200 may be configured to perform the role of a resource block

selection apparatus (e.g., TxUE 100), and the apparatus 300 may be configured to perform the

role of an expected interference level generation apparatus (e.g., node 101). While the

configuration of the expected interference level generation apparatus and the resource block

selection apparatus are described with respect to separate example embodiments of the present

invention, it is contemplated that one apparatus may be configured to perform the roles of both the

expected interference level generation apparatus and the resource block selection apparatus. The

example apparatuses 200 and 300 may also be configured to perform example methods of the

present invention, such as those described with respect to FIGs. 8a and 8b.

Referring now to FIG. 6, in some example embodiments, the apparatus 200 is embodied

as, or included as a component of, a communications device with wired or wireless

communications capabilities. Some examples of the apparatus 200, or devices that may include

the apparatus 200, include a communications network entity such as a UE or a node. In some

example embodiments, the apparatus 200 may include or be included within a computer, a server,

an access point, a base station, an eNodeB, a mobile terminal such as a mobile telephone, a

portable digital assistant (PDA), a pager, a mobile television, a gaming device, a mobile computer,

a laptop computer, a camera, a video recorder, an audio/video player, a radio, and/or a global

positioning system (GPS) device, any combination of the aforementioned, or the like. The

example apparatus 200 includes or is otherwise in communication with a processor 205, a memory

device 210, a communications interface 215, an expected interference level receiver 235, and a

resource block selector 240. In some embodiments, the example apparatus 200 may optionally



include a user interface 225. The processor 205 may be embodied as various means

implementing various functionality of example embodiments of the present invention including, for

example, a microprocessor, a coprocessor, a controller, a special-purpose integrated circuit such

as, for example, an ASIC (application specific integrated circuit), an FPGA (field programmable

gate array), or a hardware accelerator, processing circuitry or the like. According to one example

embodiment, processor 205 may be representative of a plurality of processors operating in

concert. The processor 205 may, but need not, include one or more accompanying digital signal

processors. In some example embodiments, the processor 205 is configured to execute

instructions stored in the memory device 210 or instructions otherwise accessible to the processor

205. As such, whether configured as hardware or via instructions stored on a computer-readable

storage medium, or by a combination thereof, the processor 205 may be an entity capable of

performing operations according to embodiments of the present invention while configured

accordingly. Thus, in example embodiments where the processor 205 is embodied as an ASIC,

FPGA, or the like, the processor 205 is specifically configured hardware for conducting the

operations described herein. Alternatively, in example embodiments where the processor 205 is

embodied as an executor of instructions stored on a computer-readable storage medium, the

instructions specifically configure the processor 205 to perform the algorithms and operations

described herein. In some example embodiments, the processor 205 is a processor of a specific

device (e.g., a mobile terminal) configured for employing example embodiments of the present

invention by further configuration of the processor 205 via executed instructions for performing the

algorithms and operations described herein.

The memory device 210 may be one or more computer-readable storage media that may

include volatile and/or non-volatile memory. In some example embodiments, the memory device

210 includes Random Access Memory (RAM) including dynamic and/or static RAM, on-chip or off-

chip cache memory, and/or the like. Further, memory device 210 may include non-volatile

memory, which may be embedded and/or removable, and may include, for example, read-only

memory, flash memory, magnetic storage devices (e.g., hard disks, floppy disk drives, magnetic

tape, etc.), optical disc drives and/or media, non-volatile random access memory (NVRAM), and/or

the like. Memory device 210 may include a cache area for temporary storage of data. In this

regard, some or all of memory device 210 may be included within the processor 205.

Further, the memory device 210 may be configured to store information, data,

applications, computer-readable program code instructions, or the like for enabling the processor

205 and the example apparatus 200 to carry out various functions in accordance with example

embodiments of the present invention described herein. For example, the memory device 210

could be configured to buffer input data for processing by the processor 205. Additionally, or

alternatively, the memory device 210 may be configured to store instructions for execution by the

processor 205.

The communication interface 215 may be any device or means embodied in either

hardware, a computer program product, or a combination of hardware and a computer program

product that is configured to receive and/or transmit data from/to a network and/or any other



device or module in communication with the example apparatus 200. Processor 205 may also be

configured to facilitate communications via the communications interface by, for example,

controlling hardware included within the communications interface 215. In this regard, the

communication interface 215 may include, for example, one or more antennas, a transmitter, a

receiver, a transceiver and/or supporting hardware, including a processor for enabling

communications with network 220. Via the communication interface 215 and the network 220, the

example apparatus 200 may communicate with various other network entities in a device-to-device

fashion and/or via indirect communications via a base station, access point, server, gateway,

router, or the like.

The communications interface 215 may be configured to provide for communications in

accordance with any wired or wireless communication standard. The communications interface

215 may be configured to support communications in multiple antenna environments, such as

multiple input multiple output (MIMO) environments. Further, the communications interface 215

may be configured to support orthogonal frequency division multiplexed (OFDM) signaling. In

some example embodiments, the communications interface 215 may be configured to

communicate in accordance with various techniques, such as, second-generation (2G) wireless

communication protocols IS-136 (time division multiple access (TDMA)), GSM (global system for

mobile communication), IS-95 (code division multiple access (CDMA)), third-generation (3G)

wireless communication protocols, such as Universal Mobile Telecommunications System

(UMTS), CDMA2000, wideband CDMA (WCDMA) and time division-synchronous CDMA (TD-

SCDMA), 3.9 generation (3.9G) wireless communication protocols, such as Evolved Universal

Terrestrial Radio Access Network (E-UTRAN), with fourth-generation (4G) wireless communication

protocols, international mobile telecommunications advanced (IMT-Advanced) protocols, Long

Term Evolution (LTE) protocols including LTE-advanced, or the like. Further, communications

interface 215 may be configured to provide for communications in accordance with techniques

such as, for example, radio frequency (RF), infrared (IrDA) or any of a number of different wireless

networking techniques, including WLAN techniques such as IEEE 802.11 (e.g., 802.11a, 802.1 1b,

802. 11g, 802.1 1n, etc.), wireless local area network (WLAN) protocols, world interoperability for

microwave access (WiMAX) techniques such as IEEE 802.16, and/or wireless Personal Area

Network (WPAN) techniques such as IEEE 802.15, BlueTooth (BT), low power versions of BT,

ultra wideband (UWB), Wibree, Zigbee and/or the like. The communications interface 215 may

also be configured to support communications at the network layer, possibly via Internet Protocol

(IP).

The user interface 225 may be in communication with the processor 205 to receive user

input via the user interface 225 and/or to present output to a user as, for example, audible, visual,

mechanical or other output indications. The user interface 225 may include, for example, a

keyboard, a mouse, a joystick, a display (e.g., a touch screen display), a microphone, a speaker,

or other input/output mechanisms.

The expected interference level receiver 235 and/or the resource block selector 240 of

example apparatus 200 may be any means or device embodied, partially or wholly, in hardware, a



computer program product, or a combination of hardware and a computer program product, such

as processor 205 implementing stored instructions to configure the example apparatus 200, or a

hardware configured processor 205, that is configured to carry out the functions of the expected

interference level receiver 235 and/or the resource block selector 240 as described herein. In an

example embodiment, the processor 205 includes, or controls, the expected interference level

receiver 235 and/or the resource block selector 240. The expected interference level receiver 235

and/or the resource block selector 240 may be, partially or wholly, embodied as processors similar

to, but separate from processor 205. In this regard, the expected interference level receiver 235

and/or the resource block selector 240 may be in communication with the processor 205. In

various example embodiments, the expected interference level receiver 235 and/or the resource

block selector 240 may, partially or wholly, reside on differing apparatuses such that some or all of

the functionality of the expected interference level receiver 235 and/or the resource block selector

240 may be performed by a first apparatus, and the remainder of the functionality of the expected

interference level receiver 235 and/or the resource block selector 240 may be performed by one or

more other apparatuses.

The expected interference level receiver 235 may be configured to receive an expected

interference level for a resource block. In this regard, the expected interference level may be

received via the network 220 and the communication interface 215 from, for example, a node. The

expected interference level may be represented by data indicative of interference associated with

the resource block due to device-to-device communications using the resource block. A

determination of the expected interference level may be based at least in part on an interference

measurement associated with the resource block.

In some example embodiments, the expected interference level receiver 235 may be

configured to receive the expected interference level within a collection of interference levels for

respective resources blocks within a plurality of resource blocks. For example, the expected

interference level receiver 235 may be configured to receive the expected interference level within

a table of data including expected interference levels for respective resource blocks. In some

example embodiments, the expected interference level receiver 235 may be configured to receive

the expected interference level, where the expected interference level has been updated for the

resource block based upon a prior expected interference level and an update step value. In this

regard, the update step value may be based at least in part upon the interference measurement

associated with the resource block.

Further, in some example embodiments, the expected interference level receiver 235 may

be configured to receive an expected interference level that has been determined based at least in

part upon characteristics of a communications device (e.g., the apparatus 200) for device-to-

device communications and quality of service parameters (e.g., importance class) for the resource

block. The expected interference level receiver 235 may also receive an expected interference

level that has been determined for a defined transmit time interval. In some example

embodiments, the expected interference level receiver 235 may be configured to receive an



expected interference level that has been defined for a frequency sub-band to facilitate frequency

reuse.

The resource block selector 240 may be configured to select the resource block for a

device-to-device communications session based at least in part on the expected interference level

for the resource block. In some example embodiments, the resource block selector 240 may be

configured to open a D2D communications session based on the selected resource block. The

D2D session may be opened via the communication interface 215.

According to various example embodiments, the resource block selector 240 may be

configured to select the resource block based at least in part on an expected interference level that

has been determined to be less than a maximum interference (e.g., a threshold interference) for

the resource block. Further, the resource block selector 240 may be configured to select the

resource block based at least in part on an expected interference level that allows for the highest

transmission power within a collection of expected interference levels.

Referring now to FIG. 7 , in some example embodiments, the apparatus 300 is embodied

as, or included as a component of, a communications device with wired or wireless

communications capabilities. Some examples of the apparatus 300, or devices that may include

the apparatus 300, include a communications network entity such as a UE or a node. In some

example embodiments, the apparatus 300 may include or be included within a computer, a server,

an access point, a base station, an eNodeB, a mobile terminal such as a mobile telephone, a

portable digital assistant (PDA), a pager, a mobile television, a gaming device, a mobile computer,

a laptop computer, a camera, a video recorder, an audio/video player, a radio, and/or a global

positioning system (GPS) device, any combination of the aforementioned, or the like.

The example apparatus 300 includes or is otherwise in communication with a processor

305, a memory device 310, a communications interface 315, an parameter receiver 335, and an

expected interference level generator 340. In some embodiments, the example apparatus 300

may optionally include a user interface 325. The processor 305 may be embodied as various

means implementing various functionality of example embodiments of the present invention

including, for example, a microprocessor, a coprocessor, a controller, a special-purpose integrated

circuit such as, for example, an ASIC (application specific integrated circuit), an FPGA (field

programmable gate array), or a hardware accelerator, processing circuitry or the like. According to

one example embodiment, processor 305 may be representative of a plurality of processors

operating in concert. The processor 305 may, but need not, include one or more accompanying

digital signal processors. In some example embodiments, the processor 305 is configured to

execute instructions stored in the memory device 310 or instructions otherwise accessible to the

processor 305. As such, whether configured as hardware or via instructions stored on a computer-

readable storage medium, or by a combination thereof, the processor 305 may be an entity

capable of performing operations according to embodiments of the present invention while

configured accordingly. Thus, in example embodiments where the processor 305 is embodied as

an ASIC, FPGA, or the like, the processor 305 is specifically configured hardware for conducting

the operations described herein. Alternatively, in example embodiments where the processor 305



is embodied as an executor of instructions stored on a computer-readable storage medium, the

instructions specifically configure the processor 305 to perform the algorithms and operations

described herein. In some example embodiments, the processor 305 is a processor of a specific

device (e.g., a mobile terminal) configured for employing example embodiments of the present

invention by further configuration of the processor 305 via executed instructions for performing the

algorithms and operations described herein.

The memory device 310 may be one or more computer-readable storage media that may

include volatile and/or non-volatile memory. In some example embodiments, the memory device

310 includes Random Access Memory (RAM) including dynamic and/or static RAM, on-chip or off-

chip cache memory, and/or the like. Further, memory device 310 may include non-volatile

memory, which may be embedded and/or removable, and may include, for example, read-only

memory, flash memory, magnetic storage devices (e.g., hard disks, floppy disk drives, magnetic

tape, etc.), optical disc drives and/or media, non-volatile random access memory (NVRAM), and/or

the like. Memory device 310 may include a cache area for temporary storage of data. In this

regard, some or all of memory device 310 may be included within the processor 305.

Further, the memory device 310 may be configured to store information, data,

applications, computer-readable program code instructions, or the like for enabling the processor

305 and the example apparatus 300 to carry out various functions in accordance with example

embodiments of the present invention described herein. For example, the memory device 310

could be configured to buffer input data for processing by the processor 305. Additionally, or

alternatively, the memory device 310 may be configured to store instructions for execution by the

processor 305.

The communication interface 315 may be any device or means embodied in either

hardware, a computer program product, or a combination of hardware and a computer program

product that is configured to receive and/or transmit data from/to a network and/or any other

device or module in communication with the example apparatus 300. Processor 305 may also be

configured to facilitate communications via the communications interface by, for example,

controlling hardware included within the communications interface 315. In this regard, the

communication interface 315 may include, for example, one or more antennas, a transmitter, a

receiver, a transceiver and/or supporting hardware, including a processor for enabling

communications with network 320. Via the communication interface 315 and the network 320, the

example apparatus 300 may communicate with various other network entities in a peer-to-peer

fashion or via indirect communications via a base station, access point, server, gateway, router, or

the like.

The communications interface 315 may be configured to provide for communications in

accordance with any wired or wireless communication standard. The communications interface

315 may be configured to support communications in multiple antenna environments, such as

multiple input multiple output (MIMO) environments. Further, the communications interface 315

may be configured to support orthogonal frequency division multiplexed (OFDM) signaling. In

some example embodiments, the communications interface 315 may be configured to



communicate in accordance with various techniques, such as, second-generation (2G) wireless

communication protocols IS-136 (time division multiple access (TDMA)), GSM (global system for

mobile communication), IS-95 (code division multiple access (CDMA)), third-generation (3G)

wireless communication protocols, such as Universal Mobile Telecommunications System

(UMTS), CDMA2000, wideband CDMA (WCDMA) and time division-synchronous CDMA (TD-

SCDMA), 3.9 generation (3.9G) wireless communication protocols, such as Evolved Universal

Terrestrial Radio Access Network (E-UTRAN), with fourth-generation (4G) wireless communication

protocols, international mobile telecommunications advanced (IMT-Advanced) protocols, Long

Term Evolution (LTE) protocols including LTE-advanced, or the like. Further, communications

interface 315 may be configured to provide for communications in accordance with techniques

such as, for example, radio frequency (RF), infrared (IrDA) or any of a number of different wireless

networking techniques, including WLAN techniques such as IEEE 802.11 (e.g., 802.11a, 802.1 1b,

802. 11g, 802. 11n, etc.), wireless local area network (WLAN) protocols, world interoperability for

microwave access (WiMAX) techniques such as IEEE 802.16, and/or wireless Personal Area

Network (WPAN) techniques such as IEEE 802.15, BlueTooth (BT), low power versions of BT,

ultra wideband (UWB), Wibree, Zigbee and/or the like. The communications interface 315 may

also be configured to support communications at the network layer, possibly via Internet Protocol

(IP).

The user interface 325 may be in communication with the processor 305 to receive user

input via the user interface 325 and/or to present output to a user as, for example, audible, visual,

mechanical or other output indications. The user interface 325 may include, for example, a

keyboard, a mouse, a joystick, a display (e.g., a touch screen display), a microphone, a speaker,

or other input/output mechanisms.

The parameter receiver 335 and the expected interference level 340 of example apparatus

300 may be configured to cause the apparatus 300 to perform various functionalities. The

parameter receiver 335 and/or the expected interference level 340 of example apparatus 300 may

be any means or device embodied, partially or wholly, in hardware, a computer program product,

or a combination of hardware and a computer program product, such as processor 305

implementing stored instructions to configure the example apparatus 300, or a hardware

configured processor 305, that is configured to carry out the functions of the parameter receiver

335 and/or the expected interference level 340 as described herein. In an example embodiment,

the processor 305 includes, or controls, the parameter receiver 335 and/or the expected

interference level 340. The parameter receiver 335 and/or the expected interference level 340

may be, partially or wholly, embodied as processors similar to, but separate from processor 305.

In this regard, the parameter receiver 335 and/or the expected interference level 340 may be in

communication with the processor 305. In various example embodiments, the parameter receiver

335 and/or the expected interference level 340 may, partially or wholly, reside on differing

apparatuses such that some or all of the functionality of the parameter receiver 335 and/or the

expected interference level 340 may be performed by a first apparatus, and the remainder of the



functionality of the parameter receiver 335 and/or the expected interference level 340 may be

performed by one or more other apparatuses.

The parameter receiver 335 may be configured to receive parameters for generating an

expected interference level, such as, an interference measurement associated with a resource

block. The expected interference level generator 340 may be configured to determine an expected

interference level for the resource block based at least in part on the parameters including the

interference measurement. In some example embodiments, the expected interference level

generator 340 may be configured to set the expected interference level to a predefined forbidden

value in response to the expected interference level exceeding a maximum interference for the

resource block.

The expected interference level generator 340 may also be configured to provide for

transmission of data indicative of the expected interference level in association with the resource

block. The data may be provided to one or more communications devices (e.g., UEs) to facilitate

the selection of the resource block for device-to-device communications based at least in part on

the expected interference level. In some example embodiments, the expected interference level

generator 340 may be configured to provide for transmission of data indicative of the expected

reference level within a collection of expected interference levels having respective resource

blocks.

In some example embodiments, the expected interference level generator 340 may be

further configured to update the expected interference level for the resource block based upon a

prior expected interference level and an update step value. In this regard, the update step value

may be based at least in part upon the interference measurement associated with the resource

block.

FIGs. 8a and 8b illustrate flowcharts of example systems, methods, and/or computer

program products according to example embodiments of the invention. It will be understood that

each block or operation of the flowcharts, and/or combinations of blocks or operations in the

flowcharts, can be implemented by various means. Means for implementing the blocks or

operations of the flowcharts, combinations of the blocks or operations in the flowchart, or other

functionality of example embodiments of the present invention described herein may include

hardware, and/or a computer program product including a computer-readable storage medium

having one or more computer program code instructions, program instructions, or executable

computer-readable program code instructions stored therein. In this regard, program code

instructions may be stored on a memory device, such as memory devices 210 or 310, of an

example apparatus, such as example apparatus 200 or 300, and executed by a processor, such

as the processor 205 or 305. As will be appreciated, any such program code instructions may be

loaded onto a computer or other programmable apparatus (e.g., processor 205 or 305, memory

device 210 or 310) from a computer-readable storage medium to produce a particular machine,

such that the particular machine becomes a means for implementing the functions specified in the

flowcharts' block(s) or operation(s). These program code instructions may also be stored in a

computer-readable storage medium that can direct a computer, a processor, or other



programmable apparatus to function in a particular manner to thereby generate a particular

machine or particular article of manufacture. The instructions stored in the computer-readable

storage medium may produce an article of manufacture, where the article of manufacture becomes

a means for implementing the functions specified in the flowcharts' block(s) or operation(s). The

program code instructions may be retrieved from a computer-readable storage medium and loaded

into a computer, processor, or other programmable apparatus to configure the computer,

processor, or other programmable apparatus to execute operations to be performed on or by the

computer, processor, or other programmable apparatus. Retrieval, loading, and execution of the

program code instructions may be performed sequentially such that one instruction is retrieved,

loaded, and executed at a time. In some example embodiments, retrieval, loading and/or

execution may be performed in parallel such that multiple instructions are retrieved, loaded, and/or

executed together. Execution of the program code instructions may produce a computer-

implemented process such that the instructions executed by the computer, processor, or other

programmable apparatus provide operations for implementing the functions specified in the

flowcharts' block(s) or operation(s).

Accordingly, execution of instructions associated with the blocks or operations of the

flowchart by a processor, or storage of instructions associated with the blocks or operations of the

flowcharts in a computer-readable storage medium, support combinations of operations for

performing the specified functions. It will also be understood that one or more blocks or operations

of the flowcharts, and combinations of blocks or operations in the flowcharts, may be implemented

by special purpose hardware-based computer systems and/or processors which perform the

specified functions, or combinations of special purpose hardware and program code instructions.

FIG. 8a depicts an example method for managing D2D interference from the perspective

of a resource block selection apparatus (e.g., TxUE 100) according to various embodiments of the

present invention. FIG. 8b depicts an example method for managing D2D interference from the

perspective of a expected interference level generation apparatus (e.g., node 101) according to

various embodiments of the present invention. While the example methods of FIGs. 8a and 8b are

described as being separate example embodiments, it is contemplated that some or all of the

operations of example methods may be combined.

Referring to FIG. 8a, the example method may include receiving an expected interference

level for a resource block at 400. In this regard, the expected interference level may be received

from, for example, a node, such as node 101. The expected interference level may be

represented by data indicative of interference associated with the resource block due to device-to-

device communications using the resource block. A determination of the expected interference

level may be based at least in part on an interference measurement associated with the resource

block.

In some example embodiments, receiving the expected interference level may include

receiving the expected interference level within a collection of interference levels for respective

resources blocks within a plurality of resource blocks. For example, the expected interference

level may be received within a table of data including expected interference levels for respective



resource blocks. In some example embodiments, receiving an expected interference level may

include receiving an expected interference level that has been updated for the resource block

based upon a prior expected interference level and an update step value. In this regard, the

update step value may be based at least in part upon the interference measurement associated

with the resource block.

Further, in some example embodiments, receiving an expected interference level may

include receiving an expected interference level that has been determined based at least in part

upon characteristics of a communications device (e.g., the apparatus 200) for device-to-device

communications and quality of service parameters (e.g., importance class) for the resource block.

Receiving an expected interference level may also include receiving an expected interference level

that has been determined for a defined transmit time interval. Further, in some example

embodiments, receiving an expected interference level may include receiving an expected

interference level that has been defined for a frequency sub-band to facilitate frequency reuse.

The example method of FIG. 8a may also include selecting the resource block for a

device-to-device communications session based at least in part on the expected interference level

for the resource block at 405. In some example embodiments, selecting the resource block may

include opening a D2D communications session based on the selected resource block.

According to various example embodiments, selecting the resource block may also include

selecting the resource block based at least in part on an expected interference level, that has been

determined to be less than a maximum interference (e.g., a threshold interference) for the

resource block. Further, selecting the resource block may include selecting the resource block

based at least in part on an expected interference level that allows for the highest transmission

power within a collection of expected interference levels.

Referring to FIG. 8a, the example method may include receiving parameters for

generating an expected interference level, such as an interference measurement associated with a

resource block at 410, and determining an expected interference level for the resource block

based at least in part on the interference measurement at 415. In some example embodiments,

determining an expected interference level may include setting the expected interference level to a

predefined forbidden value in response to the expected interference level exceeding a maximum

interference for the resource block.

The example method of FIG. 8b may also include providing for transmission of data

indicative of the expected interference level in association with the resource block at 420. The

data may be provided to one or more communications devices (e.g., UEs) to facilitate the selection

of the resource block for device-to-device communications based at least in part on the expected

interference level. In some example embodiments, providing for transmission of data may include

providing for transmission of data indicative of the expected reference level within a collection of

expected interference levels having respective resource blocks.

In some example embodiments, the example method of FIG. 8b may also include updating

the expected interference level for the resource block based upon a prior expected interference



level and an update step value. In this regard, the update step value may be based at least in part

upon the interference measurement associated with the resource block.

Many modifications and other embodiments of the inventions set forth herein will come to

mind to one skilled in the art to which these inventions pertain having the benefit of the teachings

presented in the foregoing descriptions and the associated drawings. Therefore, it is to be

understood that the inventions are not to be limited to the specific embodiments disclosed and that

modifications and other embodiments are intended to be included within the scope of the

appended claims. Moreover, although the foregoing descriptions and the associated drawings

describe example embodiments in the context of certain example combinations of elements and/or

functions, it should be appreciated that different combinations of elements and/or functions may be

provided by alternative embodiments without departing from the scope of the appended claims. In

this regard, for example, different combinations of elements and/or functions other than those

explicitly described above are also contemplated as may be set forth in some of the appended

claims. Although specific terms are employed herein, they are used in a generic and descriptive

sense only and not for purposes of limitation.



WHAT IS CLAIMED IS:

1. A method comprising:

receiving an expected interference level for a resource block, the expected interference

level being represented by data indicative of interference associated with the resource block due to

device-to-device communications using the resource block; and

selecting the resource block for a device-to-device communications session based at least

in part on the expected interference level for the resource block.

2. The method of claim 1, wherein receiving the expected interference level includes

receiving the expected interference level into a table of interference levels and respective

resources blocks.

3 . The method of claim 1, wherein receiving the expected interference level includes

receiving one or more expected interference levels for one or more respective resource blocks;

and wherein selecting the resource block includes selecting one or more resource blocks for the

device-to-device communications session based at least in part on the one or more expected

interference levels.

4. The method of claim 1, wherein receiving the expected interference level includes

receiving the expected interference level, the expected interference level having been updated for

the resource block based upon a prior expected interference level and an update step value, the

update step value being based at least in part upon the interference measurement associated with

the resource block.

5 . The method of claim 1, wherein selecting the resource block includes selecting the

resource block based at least in part on the expected interference level, the expected interference

level having been determined to be less than a maximum interference for the resource block.

6. The method of claim 1, wherein receiving the expected interference level includes

receiving the expected interference level, the expected interference level having been determined

based at least in part upon characteristics of a communications device for device-to-device

communications and quality of service parameters for the resource block.

7 . The method of claim 1, wherein receiving the expected interference level includes

receiving the expected interference level, the expected interference level having been determined

for a transmit time interval.



8 . The method of claim 1, wherein selecting the resource block includes selecting the

resource block based at least in part on the expected interference level, the expected interference

level allowing for a highest transmission power within a collection of expected interference levels.

9. The method of claim 1, wherein receiving the expected interference level includes

receiving the expected interference level, the expected interference level having been defined for a

frequency sub-band to facilitate frequency reuse.

10. An apparatus comprising a processor configured to:

receive an expected interference level for a resource block, the expected interference level

being represented by data indicative of interference associated with the resource block due to

device-to-device communications using the resource block; and

select the resource block for a device-to-device communications session based at least in

part on the expected interference level for the resource block.

11. The apparatus of claim 10, wherein the processor configured to receive the

expected interference level includes being configured to receive the expected interference level

into a table of interference levels and respective resources blocks.

12. The apparatus of claim 10, wherein the processor configured to receive the

expected interference level includes being configured to receive one or more expected

interference levels for one or more respective resource blocks; and wherein the processor

configured to select the resource block includes being configured to select one or more resource

blocks for the device-to-device communications session based at least in part on the one or more

expected interference levels.

13. The apparatus of claim 10, wherein the processor configured to receive the

expected interference level includes being configured to receive the expected interference level,

the expected interference level having been updated for the resource block based upon a prior

expected interference level and an update step value, the update step value being based at least

in part upon the interference measurement associated with the resource block.

14. The apparatus of claim 10, wherein the processor configured to select the

resource block includes being configured to select the resource block based at least in part on the

expected interference level, the expected interference level having been determined to be less

than a maximum interference for the resource block.

15. The apparatus of claim 10 , wherein the configured to receive the expected

interference level includes being configured to receive the expected interference level, the

expected interference level having been determined based at least in part upon characteristics of a



communications device for device-to-device communications and quality of service parameters for

the resource block.

16. The apparatus of claim 10, wherein the processor configured to receive the

expected interference level includes being configured to receive the expected interference level,

the expected interference level having been determined for a transmit time interval.

17. The apparatus of claim 10, wherein the processor configured to select the

resource block includes being configured to select the resource block based at least in part on the

expected interference level, the expected interference level allowing for a highest transmission

power within a collection of expected interference levels.

18. The apparatus of claim 10, wherein the processor configured to receive the

expected interference level includes being configured to receive the expected interference level,

the expected interference level having been defined for a frequency sub-band to facilitate

frequency reuse.

19. The apparatus of claim 10, wherein the apparatus is part of a mobile terminal.

20. A computer program product comprising at least one computer-readable storage

medium having executable computer-readable program code instructions stored therein, the

computer-readable program code instructions configured to:

receive an expected interference level for a resource block, the expected interference level

being represented by data indicative of interference associated with the resource block due to

device-to-device communications using the resource block; and

select the resource block for a device-to-device communications session based at least in

part on the expected interference level for the resource block.

2 1. The computer program product of claim 20, wherein the computer-readable

program code instructions configured to receive the expected interference level include being

configured to receive the expected interference level into a table of interference levels and

respective resources blocks.

22. The computer program product of claim 20, wherein the computer-readable

program code instructions configured to receive the expected interference level include being

configured to receive one or more expected interference levels for one or more respective

resource blocks; and wherein the computer-readable program code instructions configured to

select the resource block include being configured to select one or more resource blocks for the

device-to-device communications session based at least in part on the one or more expected

interference levels.



23. The computer program product of claim 20, wherein the computer-readable

program code instructions configured to receive the expected interference level include being

configured to receive the expected interference level, the expected interference level having been

updated for the resource block based upon a prior expected interference level and an update step

value, the update step value being based at least in part upon the interference measurement

associated with the resource block.

24. The computer program product of claim 20, wherein the computer-readable

program code instructions configured to select the resource block include being configured to

select the resource block based at least in part on the expected interference level, the expected

interference level having been determined to be less than a maximum interference for the resource

block.

25. The computer program product of claim 20, wherein the computer-readable

program code instructions configured to receive the expected interference level include being

configured to receive the expected interference level, the expected interference level having been

determined based at least in part upon characteristics of a communications device for device-to-

device communications and quality of service parameters for the resource block.

26. The computer program product of claim 20, wherein the computer-readable

program code instructions configured to receive the expected interference level include being

configured to receive the expected interference level, the expected interference level having been

determined for a transmit time interval.

27. The computer program product of claim 20, wherein the computer-readable

program code instructions configured to select the resource block include being configured to

select the resource block based at least in part on the expected interference level, the expected

interference level allowing for a highest transmission power within a collection of expected

interference levels.

28. The computer program product of claim 20, wherein the computer-readable

program code instructions configured to receive the expected interference level include being

configured to receive the expected interference level, the expected interference level having been

defined for a frequency sub-band to facilitate frequency reuse.

29. An apparatus comprising:

means for receiving an expected interference level for a resource block, the expected

interference level being represented by data indicative of interference associated with the resource

block due to device-to-device communications using the resource block; and



means for selecting the resource block for a device-to-device communications session

based at least in part on the expected interference level for the resource block.

30. The apparatus of claim 29, wherein means for receiving the expected interference

level includes means for receiving the expected interference level into a table of interference levels

and respective resources blocks.

3 1 . A method comprising:

receiving an interference measurement associated with a resource block;

determining an expected interference level for the resource block based at least in part on

the interference measurement; and

providing for transmission of data indicative of the expected interference level in

association with the resource block to one or more communications devices to facilitate a selection

of the resource block for device-to-device communications based at least in part on the expected

interference level.

32. The method of claim 3 1, wherein providing for transmission of data indicative of

the expected reference level, includes providing for transmission of data indicative of the expected

reference level within a collection of expected interference levels having respective resource

blocks.

33. The method of claim 3 1, further comprising updating the expected interference

level for the resource block based upon a prior expected interference level and an update step

value, the update step value being based at least in part upon the interference measurement

associated with the resource block.

34. The method of claim 3 1, wherein determining the expected interference level

includes setting the expected interference level to a forbidden value in response to the expected

interference level exceeding a maximum interference for the resource block.

35. An apparatus comprising a processor configured to:

receive an interference measurement associated with a resource block;

determine an expected interference level for the resource block based at least in part on

the interference measurement; and

provide for transmission of data indicative of the expected interference level in association

with the resource block to one or more communications devices to facilitate a selection of the

resource block for device-to-device communications based at least in part on the expected

interference level.



36. The apparatus of claim 35, wherein the processor configured to provide for

transmission of data indicative of the expected interference level includes being configured to

provide for broadcasting data indicative of the expected interference level to one or more

communications devices.

37. The apparatus of claim 35, wherein the processor is further configured to update

the expected interference level for the resource block based upon a prior expected interference

level and an update step value, the update step value being based at least in part upon the

interference measurement associated with the resource block.

38. The apparatus of claim 35, wherein the processor configured to determine the

expected interference level includes being configured to set the expected interference level to a

forbidden value in response to the expected interference level exceeding a maximum interference

for the resource block.

39. The apparatus of claim 35, wherein the apparatus is part of a node.

40. An computer program product comprising at least one computer-readable storage

medium having executable computer-readable program code instructions stored therein, the

computer-readable program code instructions configured to:

receive an interference measurement associated with a resource block;

determine an expected interference level for the resource block based at least in part on

the interference measurement; and

provide for transmission of data indicative of the expected interference level in association

with the resource block to one or more communications devices to facilitate a selection of the

resource block for device-to-device communications based at least in part on the expected

interference level.

4 1. The computer program product of claim 40, wherein the computer-readable

program code instructions configured to provide for transmission of data indicative of the expected

interference level are further configured to provide for broadcasting data indicative of the expected

interference level to one or more communications devices.

42. The computer program product of claim 40, wherein the computer-readable

program code instructions are further configured to update the expected interference level for the

resource block based upon a prior expected interference level and an update step value, the

update step value being based at least in part upon the interference measurement associated with

the resource block.



43. The computer program product of claim 40, wherein the computer-readable

program code instructions configured to determine the expected interference level include being

configured to set the expected interference level to a forbidden value in response to the expected

interference level exceeding a maximum interference for the resource block.
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