
(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
2 October 2014 (02.10.2014)

WO 2014/158258 Al
P O P C T

(51) International Patent Classification: South Road, Haidian District, 11, Beijing 100080 (CN).
H04W 72/08 (2009.01) CHEN, Xiaogang [CN/CN]; Raycom Building A 8F, Ke

Xue Yuan Nan Lu 2#, Haidian District, Beijing 100080
(21) International Application Number: (CN). NIU, Huaning [CN/US]; 1308 Knollview Dr., Mil-

PCT/US2013/075801
pitas, California 95035 (US). YANG, Rongzhen [CN/CN];

(22) International Filing Date: Room 701, Building 17, No.5 Xuhong Bei Road, Shanghai
17 December 2013 (17. 12.2013) 200030 (CN).

(25) Filing Language: English (74) Agents: MOORE, Michael S. et al; Schwabe, Williamson
& Wyatt, P.C., 12 11 SW 5th Avenue, Suite 1600, Portland,

(26) Publication Language: English Oregon 97204 (US).

(30) Priority Data: (81) Designated States (unless otherwise indicated, for every
61/806,821 29 March 2013 (29.03.2013) US kind of national protection available): AE, AG, AL, AM,

(71) Applicant (for all designated States except US): INTEL AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

IP CORPORATION [US/US]; 2200 Mission College BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

Boulevard, Santa Clara, California 95054 (US). DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(72) Inventors; and KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(71) Applicants (for US only): LI, Qinghua [CN/US]; 5117 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

Chiltern Lane, San Ramon, California 94582 (US). LI, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
Honggang [CN/CN]; Raycom A-8, No. 2 Kexueyuan SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,

[Continued on nextpage]

(54) Title: LOW POWER DEVICE TO DEVICE TRANSMISSION

(57) Abstract: In embodiments, apparatuses, methods, and storage me
dia may be described for allocating radio resources to a user equipment
(UE) for device to device (D2D) transmission. Specifically, the UE may

Predicting cellular Interference be configured to predict cellular interference to one or more cellular
caused by D2D communication transmissions in a cell that may be caused by the transmission of a D2D

400 signal. Based on that predicted interference, the UE may identify one or
more radio resources in for the D2D transmission.

Predicting D2D interference caused
by cellular communication

405

identifying radio resource
410

Transmitting D2D signal on radio
resource

415

00 Figure 4-A

00

o



w o 2014/158258 Illlll II Hill lllll Hill llll III III Hill lllll lllll Hill lllll i limn i i llll

TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

zw. GW, KM, ML, MR, NE, SN, TD, TG).

(84) Designated States (unless otherwise indicated, for every Declarations under Rule 4.17:
kind of regional protection available): ARIPO (BW, GH,

— of inventorship (Rule 4.17(iv))
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, Published:
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

— with international search report (Art. 21(3))
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,



LOW POWER DEVICE TO DEVICE TRANSMISSION

Cross Reference to Related Application

The present application claims priority to U.S. Provisional Patent Application No.

61/806,821, filed March 29, 2013, entitled "Advanced Wireless Communication Systems

and Techniques," the entire disclosure of which is hereby incorporated by reference in its

entirety.

Field

Embodiments of the present invention relate generally to the technical field of

device-to-device (D2D) wireless signal communications.

Background

The background description provided herein is for the purpose of generally

presenting the context of the disclosure. Work of the presently named inventors, to the

extent it is described in this background section, as well as aspects of the description that

may not otherwise qualify as prior art at the time of filing, are neither expressly nor

impliedly admitted as prior art against the present disclosure. Unless otherwise indicated

herein, the approaches described in this section are not prior art to the claims in the present

disclosure and are not admitted to be prior art by inclusion in this section.

Device-to-device (D2D) communication is a study item for the third generation

partnership project (3GPP) long term evolution (LTE) standards. Specifically, inclusion of

support for direct communication between two or more devices is being considered for the

3GPP LTE standards. However, in some cases D2D communications and cellular

communications, which may involve longer range communication between a user

equipment (UE) and eNodeB (eNB) may interfere with one another. For example, if two

devices are communicating via D2D communications, then a cellular communication

between a UE and an eNB may suffer from interference caused by the D2D

communications. Similarly, the communication between an eNB and a UE may cause

interference to the D2D communications.

Brief Description of the Drawings

Embodiments will be readily understood by the following detailed description in

conjunction with the accompanying drawings. To facilitate this description, like reference

numerals designate like structural elements. Embodiments are illustrated by way of

example and not by way of limitation in the figures of the accompanying drawings.

Figure 1 schematically illustrates a high-level example of a network system



comprising a UE and an eNB, in accordance with various embodiments.

Figure 2 depicts an example of a network including both device to device (D2D)

and cellular communications, in accordance with various embodiments.

Figure 3 depicts an example of a contention-based radio resource allocation

process, in accordance with various embodiments.

Figure 4-A depicts an example of a process for identifying and using D2D radio

resources in a network including both D2D and cellular communications, in accordance

with various embodiments.

Figure 4-B depicts an example of a process for identifying a transmission power

threshold for a D2D transmission, in accordance with various embodiments.

Figure 5 schematically illustrates an example system that may be used to practice

various embodiments described herein.

Detailed Description

Apparatuses, methods, and storage media are described herein for allowing cellular

communications such as those corresponding to the third generation partnership project

(3GPP) LTE standards (hereinafter referred to as "cellular communications") and device-

to-device (D2D) communications to share radio resources in a wireless cell through the

use of techniques such as time sharing and spatial multiplexing. Specifically, techniques

are described herein for allowing normal cellular communications to run simultaneously

with low power D2D communications using radio resources from the same radio resource

block under certain conditions. A radio resource block may be a block of radio frequency

resources that are usable during a period of time, for example different frequencies in the

same radio frame or subframe, and may in some embodiments be referred to as a "zone."

A radio resource in the radio resource block may be one or more frequencies in the radio

resource block, and one or more start and/or end times on which a device may use that

frequency to transmit a cellular or D2D signal.

As discussed herein, in some embodiments the normal cellular communications

may occur in a radio cell, which may include communications over a distance as large as

100-1000 meters. By contrast D2D communications may be limited to relatively small

areas such as a business, a home, a building, or some other relatively small area. In these

embodiments, the D2D communications may only occur over distances as large as 10

meters, for example. Because the D2D devices are relatively close to one another, then the

D2D transmission power may be relatively low as compared to the transmission power of

a cellular communication. Specifically, in some embodiments this relatively lower D2D



transmission power may result in the received signal strength of the D2D transmission, as

perceived at the eNodeB ("eNB"), being up to 20 decibels ("dB") lower than the received

signal strength of a cellular communication received at the eNB. With this relatively low

transmission power and/or received signal strength, the interference caused by the D2D

communication to the cellular communication may be very low, and so it may be

acceptable for the cellular communication and the D2D communication to occur

simultaneously. Because the operation distances of normal cellular communications and

short range D2D communications are on the order of 100-1000 meters and 10 meters,

respectively, this 20 dB difference in received signal strength may occur in many

situations and therefore D2D communications may occur simultaneously with cellular

communications, thereby improving the throughput performance of a wireless cell.

In the following detailed description, reference is made to the accompanying

drawings which form a part hereof wherein like numerals designate like parts throughout,

and in which is shown by way of illustration embodiments that may be practiced. It is to

be understood that other embodiments may be utilized and structural or logical changes

may be made without departing from the scope of the present disclosure. Therefore, the

following detailed description is not to be taken in a limiting sense.

Various operations may be described as multiple discrete actions or operations in

turn, in a manner that is most helpful in understanding the claimed subject matter.

However, the order of description should not be construed as to imply that these

operations are necessarily order dependent. In particular, these operations may not be

performed in the order of presentation. Operations described may be performed in a

different order than the described embodiment. Various additional operations may be

performed and/or described operations may be omitted in additional embodiments.

For the purposes of the present disclosure, the phrases "A and/or B" and "A or B"

mean (A), (B), or (A and B). For the purposes of the present disclosure, the phrase "A, B,

and/or C" means (A), (B), (C), (A and B), (A and C), (B and C), or (A, B and C).

The description may use the phrases "in an embodiment," or "in embodiments,"

which may each refer to one or more of the same or different embodiments. Furthermore,

the terms "comprising," "including," "having," and the like, as used with respect to

embodiments of the present disclosure, are synonymous.

Figure 1 schematically illustrates a wireless communication network 100 in

accordance with various embodiments. The wireless communication network 100

(hereinafter "network 100") may be an access network of a 3GPP LTE network such as



evolved universal terrestrial radio access network (E-UTRAN). The network 100 may

include an eNodeB (eNB, also referred to as an evolved NodeB) 105, configured to

wirelessly communicate with a UE 110.

As shown in Figure 1, the UE 110 may include a transceiver module 120. The

transceiver module 120 may be coupled with one or more of a plurality of antennas 125 of

the UE 110 for communicating wirelessly with other components of the network 100, e.g.,

eNB 105 or another UE. The antennas 125 may be powered by a power amplifier 130

which may be a component of the transceiver module 120, or coupled with the transceiver

module 120 as shown in Figure 1. In one embodiment, the power amplifier 130 may

provide the power for all transmissions on the antennas 125. In other embodiments, there

may be multiple power amplifiers on the UE 110. The use of multiple antennas 125 may

allow for the UE 110 to use transmit diversity techniques such as spatial orthogonal

resource transmit diversity (SORTD), multiple-input multiple-output (MIMO), or full-

dimension MIMO (FD-MIMO).

In certain embodiments the transceiver module 120 may contain both transmitter

circuitry 145 configured to cause the antennas 125 to transmit one or more signals from

the UE 110, and receiver circuitry 150 configured to cause the antennas 125 to receive one

or more signals at the UE 110. In some embodiments, the transmitted or received signals

may be D2D signals transmitted to or received from a D2D device like another UE similar

UE 110. In other embodiments the signals may be cellular signals transmitted to or

received from an eNB similar to eNB 105. In other embodiments, the transceiver module

120 may be replaced by the transmitter circuitry 145 and the receiver circuitry which are

separate from one another (not shown). In other embodiments, the transceiver module 120

may be coupled with processor circuitry configured to alter, process, or transform signals

or data received from, or sent to, the transceiver module 120 (not shown). In some

embodiments, the transceiver module 120 may be additionally coupled with radio resource

identification circuitry 155 which may be configured to identify one or more radio

resources on which the antennas 125 should transmit a signal from the UE 110.

Similarly to the UE 110, the eNB 105 may include a transceiver module 140. The

transceiver module 140 may be further coupled with one or more of a plurality of antennas

135 of the eNB 105 for communicating wirelessly with other components of the network

100, e.g., UE 110. The antennas 135 may be powered by a power amplifier 160 which

may be a component of the transceiver module 140, as shown in Figure 1, or may be a

separate component of the eNB 105. In one embodiment, the power amplifier 160



provides the power for all transmissions on the antennas 135. In other embodiments, there

may be multiple power amplifiers on the eNB 105. The use of multiple antennas 135 may

allow for the eNB 105 to use transmit diversity techniques such as SORTD, MIMO, or

FD-MIMO. In certain embodiments the transceiver module 140 may contain both

transmitter circuitry 165 configured to cause the antennas 135 to transmit one or more

signals from the eNB 105, and receiver circuitry 170 configured to cause the antennas 135

to receive one or more signals at the eNB 105. In other embodiments, the transceiver

module 140 may be replaced by transmitter circuitry 165 and receiver circuitry 170 which

are separate from one another (not shown). In other embodiments, the transceiver module

140 may be coupled with processor circuitry configured to alter, process, or transform

signals or data received from, or sent to, the transceiver module 120 (not shown). In some

embodiments, the transceiver module 140 may be further coupled with allocation circuitry

175 configured to identify and allocate one or more D2D radio resources and/or 3GPP

LTE radio resources to one or more UEs such as UE 110 based on predicted cellular

interference, as will be described in further detail below.

Figure 2 depicts an example of a network 200. In some embodiments, network 200

may be a "cell" of a larger multi-cell wireless network. The network 200 may include an

eNB 205 which may be similar to the eNB 105 of Figure 1. The eNB 205 may be

configured to transmit cellular communications to, or receive cellular communications

from, one or more UEs 210 and 215, which may be similar to UE 110 of Figure 1. In some

embodiments, the network 200 may also include one or more D2D clusters 220a and 220b.

Each D2D cluster may include two or more UEs. For example, D2D cluster 220a may

include UE 225 which is in D2D communication with both UE 230 and UE 235.

Similarly, D2D cluster 220b may include UE 240 and UE 245 which are in D2D

communication with one another. In some embodiments, one or all of UEs 225, 230, 235,

240, and 245 may be similar to UE 110. Additionally, one or more of the UEs of D2D

clusters 220a and 220b may be configured to be in cellular communication with eNB 205.

For example, UE 225 may be configured to be in D2D communication with UEs 230 and

235, and also in cellular communication with eNB 205.

As described above, in some embodiments D2D communications such as those

between UEs 240 and 245 may be at a lower transmission power than cellular

communications such as those between eNB 205 and UE 215 or eNB 205 and UEs 240 or

245. This relatively lower transmission power may result in the D2D communications

have a relatively lower received signal strength, as perceived by the eNB 205, than the



received signal strength of the cellular communications. Therefore, resources from the

same resource block may be used for both the D2D communications and the cellular

communications. If, for example, the received signal strength at the eNB 205 of the D2D

communications is approximately 20 dB lower than the received signal strength of the

cellular communications from either the same UE or a different UE in the cell to the eNB

205, then resources from the same radio resource block may be used for both the D2D

communications and the cellular communications because the interference between the

D2D communications and the cellular communications may be relatively low.

The received signal strength difference of 20 dB is only used herein as an example,

and in other embodiments the difference between the received signal strength of a D2D

communication and a cellular communication may be greater or lesser than 20 dB and still

produce an acceptable level of interference at the eNB 205. Specifically, to accommodate

D2D communications in the same radio resource block as cellular communications, it may

be desirable to prevent interference to the cellular communications caused by the D2D

communications. As described above, this interference may degrade channel quality and

performance of the cellular communications. If a group of D2D devices are in a large area

comparable to, for example, the size of a cell in a cellular network, then the transmission

power required by the D2D devices may be relatively large. In this embodiment, the

interference caused to the cellular communications by the D2D communications may not

be acceptable because the received signal strength at the eNB 205 of the D2D

communications may be relatively high, and therefore radio resources from a radio

resource block dedicated only to D2D communications may be used for the relatively high

power D2D communications. In some embodiments, these radio resources may be

allocated to one or more of the D2D devices such as UEs 240 and 245 of D2D cluster

220b by eNB 205.

By contrast, if the D2D devices are relatively close to one another, for example on

the order of 10 meters apart as discussed above, then a relatively low transmission power

may be used for the D2D communications between the two D2D devices. In some cases,

as described above, the D2D transmission power for two devices that are relatively close

to one another may be relatively low, and so the received signal strength of the D2D

communications, at the eNB 205, may be up to 20 dB lower than the received signal

strength of the normal cellular communications. Therefore, the D2D communication may

cause relatively low interference to the normal cellular communications, which may be

acceptable in many embodiments. In these embodiments, the radio resources used for the



D2D communications may be in the same resource block as the radio resources used for

the cellular communications. This resource block may be called a "hybrid" radio resource

block. In some embodiments, this determination of an acceptable or unacceptable

interference may be based off of one or more threshold values such that an interference

level above the threshold value is considered an unacceptable level of interference, and an

interference level below the threshold level is considered an acceptable level of

interference.

In embodiments, D2D devices such as UEs 240 or 245 may be configured to use

one or more radio resources in the hybrid radio resource block. In some embodiments, the

UEs 240 or 245 may be able to identify the radio resources in the hybrid radio resource

block, and transmit one or more D2D communications using the identified radio resources.

In other embodiments, the UEs 240 or 245 may contend for the radio resources, and eNB

205 may assign the radio resources in the hybrid radio resource block to one or more of

the UEs 240 or 245 for D2D communications. In some cases the eNB 205 may be

configured to assign radio resources from the hybrid radio resource block for both D2D

communications between UEs 240 and 245 and cellular communications between eNB

205 and UE 215. In some embodiments, the eNB may be further configured to allocate

radio resources from a cellular radio resource block, which may include radio resources

that are dedicated to high priority cellular communications where any interference from a

D2D communication may not be acceptable.

Figure 3 depicts an example of radio resource allocation using a contention

process. Specifically, Figure 3 depicts radio resources in a contention radio resource block

300, a D2D radio resource block 315, and a hybrid radio resource block 325. As shown in

Figure 3, each of the contention radio resource block 300, D2D radio resource block 315,

and hybrid radio resource block 325 may include radio resources that are identified based

on one or both of time and frequency.

As shown in Figure 3, one or more UEs may contend for radio resources by

transmitting a contention request in a contention radio resource block 300. As shown in

Figure 3, the contention radio resource block 300 may include three contention resources

305a, 305b, and 305c. Specifically, the contention radio resource block 300 may include

radio resources used for uplink transmissions from a UE such as UE 110 to eNB 105. In

some embodiments, the contention radio resource block may be part of a cellular radio

resource block, a hybrid radio resource block, or some other radio resource block as

described above.



In the example shown in Figure 3, a plurality of UEs may request radio resources

for D2D communications using the first contention resource 305a in the contention radio

resource block 300. Similarly, a plurality of UEs may request radio resources for D2D

communications by sending a contention request to an eNB using the second contention

resource 305b in the contention radio resource block 300. Finally, a plurality of UEs may

request radio resources for D2D communications by sending a contention request to an

eNB using the third contention radio resource 305c in the contention radio resource block

300.

In response to the contention requests, the eNB may assign a first UE a first radio

resource 310a for D2D communications in a D2D radio resource block 315. Similarly, the

eNB may assign a second UE a second radio resource 310b for D2D communications in

the D2D radio resource block 315, and a third UE a third radio resource 310c for D2D

communications in the D2D radio resource block 315. Specifically, the eNB may assign

the first, second, or third radio resources 310a, 310b, and 310c in the D2D radio resource

block 315 because the eNB may predict that the interference to a cellular communication

caused by a D2D communication from the UEs may be unacceptably high. Additionally or

alternatively, the UEs may be assigned a radio resource in the D2D radio resource block

315 because the interference to the D2D communication from a cellular communication

may be unacceptably high.

As a result of the contention, the eNB may further assign a hybrid radio resource

320 in the hybrid resource block 325 to the third UE for D2D communications. The hybrid

radio resource 320 may be assigned to the third UE due to a determination by the eNB that

the interference between a D2D communication by the UE on the hybrid radio resource

320 and another normal cellular communication in the cell will be acceptable, for example

because the D2D communication by the UE will be at a relatively low power compared to

the normal cellular communication.

As can be seen, in some embodiments radio resources such as radio resources 310a

and 310c may overlap one another in time. Similarly, radio resources such as radio

resources 310c and 320 may overlap one another in frequency. In some embodiments, two

different radio resources in the hybrid radio block may overlap one another in either time

or frequency. For example, a radio resource in the hybrid radio block 325 that overlaps the

radio resource 320 in either time or frequency may be used for cellular communication. In

some embodiments, the same radio resources in the hybrid radio resource block 325 may

be assigned to a first UE for a D2D communication and a second UE for a simultaneous



cellular communication, for example if it is determined that the D2D communication will

not cause undesirable interference to the cellular communication as described in further

detail below.

Figure 4-A depicts an example process by which a UE such as UE 110 may

identify radio resources for a D2D communication. As described in Figure 4-A, the UE

that is going to make a D2D communication will be referred to as a "D2D UE." In some

embodiments, the D2D communication may be an uplink D2D communication, i.e. a

communication from the D2D UE, while in other embodiments the communication may

be a downlink D2D communication, i.e. a communication received by the D2D UE.

Initially, the process may begin at 400 with predicting the cellular interference that may be

caused by a D2D UE transmitting a D2D signal using a given radio resource at a given

time. In some embodiments, as will be described in greater detail below with respect to

Figure 4-B, the prediction may be based at least in part on a power threshold of the D2D

transmission. In some embodiments, this prediction at 400 may be based at least in part on

a request received by the D2D UE from an eNB. Specifically, the D2D UE may have

requested one or more radio resources on which to transmit a D2D signal. Based on the

request from the eNB, the D2D UE may perform the measurement and predict the

interference that may be caused by transmitting a D2D communication on a radio resource

in the hybrid radio resource block, and report the predicted interference to the eNB. The

measurement may be performed, for example, on a dedicated control channel such as the

physical uplink control channel (PUCCH) or some other radio channel. In some

embodiments, the interference measurement may include channel measurement and

sensing. In other embodiments, the D2D UE may perform the measuring and prediction

without a request from the eNB, for example if the D2D UE is attempting to identify and

use radio resources in the hybrid radio resource block without requesting the radio

resources from the eNB. Although not shown in Figure 4-A, in some embodiments the

UEs may report the measurements to the eNB, and the eNB may predict the interference

based on the measurements received from the various UEs.

Next, in some embodiments, the D2D interference caused by a cellular signal may

be predicted at 405. For example, the eNB or D2D UE may identify that another UE

("cellular UE") that is close to the D2D UE may send or receive in a cellular

communication at the same time as the D2D communication of the D2D UE. For example,

the cellular UE may be intending to transmit a cellular uplink signal or receiving a cellular

downlink signal simultaneously with the D2D communication of the D2D UE. The D2D



UE may then predict the interference to the D2D UE's D2D communication that may be

caused by cellular UE's cellular communication. Although not shown, in some

embodiments the eNB may predict the cellular interference that may be caused by the

cellular UE's cellular communication.

Based on the predicted cellular interferences of 400 and 405, the D2D UE may

then identify a radio resource at 410. In some embodiments, the D2D UE may identify the

radio resource based on an indication received from the eNB. Specifically, based on the

predicted cellular interferences at 400 and 405, the eNB and particularly the allocation

circuitry 175 of the eNB, may identify that a D2D communication in the hybrid resource

block would not cause unacceptable levels of interference to one or more cellular

communications in that same resource block and/or a cellular communication in the hybrid

resource block would not cause unacceptable levels of interference to the D2D

communication. Therefore, the eNB may identify a radio resource in the hybrid resource

block and allocate it to the D2D UE as discussed with respect to Figure 3 . Alternatively,

the eNB may identify that a D2D communication to or from the D2D UE would

unacceptably affect a concurrent cellular communication, and so the eNB may allocate a

radio resource in the D2D resource block to the D2D UE for the D2D communication. The

eNB may transmit an indication of this allocated resource to the D2D UE.

Alternatively, if the D2D UE is identifying the radio resource without a request

from the eNB, the D2D UE, and particularly the radio resource identification circuitry 155

of the D2D UE, may identify based on the predicted cellular interference at 400 and 405

that a D2D communication to or from the D2D device would not cause unacceptable

levels of cellular interference and/or a cellular communication would not cause

unacceptable levels of interference to the D2D communication. For example, the D2D UE

may identify that the D2D UE is spatially isolated enough and/or only requires a relatively

low transmit power for the D2D communication. The D2D UE may then identify a radio

resource in the hybrid radio resource block for the D2D communication. Alternatively, the

D2D UE may identify that either the D2D communication or the cellular communication

would experience unacceptable levels of interference caused by a D2D communication in

the hybrid radio resource block, and so the D2D UE would identify a radio resource in the

D2D resource block. Based on the identified radio resource, the D2D UE may then

transmit at 415 the D2D communication on the radio resource identified at 410.

Therefore, as described above in some embodiments, the eNB may control the

allocation of the radio resources for D2D communication. This control process may be



based, for example, on a contention process wherein the eNB requests that one or more

UEs in the cell measure current interference and/or predict future interference involving

cellular communications and D2D communications. In other embodiments, the D2D UE

may be configured to identify and use radio resources in the hybrid or D2D radio resource

blocks without requesting a radio resource allocation from the eNB. This identification

and use may be based on measured or predicted interference involving cellular

communications and D2D communications.

In some embodiments, if the D2D UE is allocated radio resources in the hybrid

radio resource block, then the D2D UE may perform one or more power control

procedures so that the D2D communication does not create unacceptable interference to a

cellular communication. For example, the D2D UE may compare and calibrate D2D

transmission power with respect to the cellular uplink transmission power of the D2D UE

that is adjusted by cellular power control loops. Based on that comparison, the D2D UE

may reduce or otherwise alter its D2D transmission power. An example of a power control

procedure is described in further detail below with respect to Figure 4-B.

In some cases, if a D2D UE is allocated a radio resource in the hybrid radio

resource block, then the D2D UE may use a lower transmission power than if the D2D UE

was in the D2D radio resource block or the cellular radio resource block. In some

embodiments, this power adjustment may require a change to the modulation/coding

scheme used by the D2D UE for the D2D communication. In some embodiments, this

change to the modulation/coding scheme may require one or more link adaptation

operations.

As described above with respect to Figure 4-A, in some embodiments the cellular

interference caused by a D2D communication may be predicted at 400. As noted, in some

embodiments the cellular interference may be based at least in part on identifying a

transmission power threshold for the D2D communication. For example, in some

embodiments one or both of the D2D UE or the eNB may identify the maximum

transmission power at which the D2D UE may transmit the D2D communication without

causing interference to cellular communications in the cell.

Figure 4-B illustrates an example process for identifying a transmission power

threshold for D2D communications based on predicted cellular interference. Initially,

power control for cellular transmissions may be performed at 420. In embodiments, the

eNB may perform power control for uplink cellular communications of one or more of the

UEs in the cell. The power control may be based on ensuring that the signal strength of



cellular communications received from the UEs at the eNB are approximately equal. The

cellular transmission power control may therefore involve the eNB receiving one or more

cellular communications from each UE, for example an uplink cellular communication on

the PUCCH as described above, and then providing feedback to the UE to adjust the UEs

cellular transmission power. In embodiments, the power control may involve closed loop

power control, open loop power control, or some other type of power control.

As a result of the cellular transmission power control at 420, the eNB may receive

signals from UEs that are relatively close to the eNB and UEs that are relatively far from

the eNB with approximately the same signal strength. Additionally, the eNB may receive

cellular uplink communications from UEs in the cell without significant inter-signal

interference. Without the cellular transmission power control at 420, a strong signal from a

UE that is relatively close to the eNB may cause a strong interference to a signal from a

UE that is relatively far from the eNB based on out-of-band emissions or beamforming

leakage.

Based on the cellular transmission power control at 420, the cellular transmission

power of a D2D UE may be identified at 425. Specifically, the cellular transmission power

assigned to the D2D UE by the eNB during the cellular transmission power control at 420

may be identified at 425. In some embodiments, the D2D UE may identify the cellular

transmission power assigned by the eNB if the D2D UE is independently identifying the

radio resource for a D2D communication, as described above. In other embodiments, for

example if the eNB is assigning the radio resource as described above, the eNB may

identify the cellular transmission power of the D2D UE at 425. In some embodiments this

may be based on the eNB independently identifying the cellular transmission power of the

D2D UE, or the D2D UE transmitting an indication of the assigned cellular transmission

power to the eNB.

This assigned cellular transmission power may then be used as a reference to

identify an upper threshold for the D2D transmission power of a D2D communication

from the D2D UE at 430. Specifically, the upper threshold of the D2D transmission power

may be approximately equivalent to the cellular transmission power identified at 425

because the interference caused by a D2D communication at the same transmission power

as the cellular transmission power may cause the same interference at the eNB as a cellular

transmission from the D2D UE at the cellular transmission power. As noted above with

respect to the cellular transmission power control, this may be an acceptable level of

interference.



In some embodiments the upper threshold for the D2D transmission power may be

the maximum D2D transmission power available to the D2D UE without causing

undesirable interference to cellular transmissions received by the eNB. In some

embodiments, the upper threshold may be identified as less than the cellular transmission

power of the D2D UE. For example, if the D2D UE transmits a D2D communication at a

power level 20 dB below the cellular transmission power of the D2D UE, then the

received signal strength of the D2D communication at the eNB may be 20 dB lower than

the received signal strength of a cellular communication from another UE. Therefore, the

interference caused by the D2D communication may be relatively low. In embodiments,

the D2D transmission power threshold may be identified either by the D2D UE if the D2D

UE is independently identifying the radio resource for the D2D communication, or by the

eNB if the eNB is assigning the D2D communication radio resource as described above.

The D2D transmission power threshold may then be used to predict the cellular

interference caused by the D2D signal at 435. For example, if a D2D communication sent

at or below the D2D transmission power threshold is sufficient to be received at a

receiving D2D UE, then the predicted interference caused by the D2D communication to a

cellular communication in the cell may be acceptable and the use of a radio resource in the

hybrid radio resource block may be permitted. However, if a D2D communication sent at

or below the D2D transmission power threshold would not be received correctly at a

receiving D2D UE, then a higher D2D transmission power may be needed. The D2D

communication at the higher D2D transmission power may cause an undesirable level of

interference to a cellular communication in the cell, and so the use of a radio resource in

the hybrid radio resource block may not be permitted.

In some embodiments the D2D UE may be configured to predict the cellular

interference at 435, for example if the D2D UE is using the predicted cellular interference

to independently identify a radio resource for the D2D communication or if the D2D UE is

tasked with providing an indication of the predicted cellular interference to the eNB so

that the eNB can allocate a D2D communication radio resource to the D2D UE.

Additionally or alternatively the eNB may be configured to predict the cellular

interference at 435. As described above, one or more elements of the process of Figure 4-

B may be performed by one or both of the UE and/or the eNB, dependent on the network

implementation and different indications of transmission power or predicted interference

that are transmitted between the UE or the eNB. The above described process is merely an

example embodiment and other embodiments may be used in other networks.



Embodiments of the present disclosure may be implemented into a system using

any suitable hardware and/or software to configure as desired. Figure 5 schematically

illustrates an example system 500 that may be used to practice various embodiments

described herein. Figure 5 illustrates, for one embodiment, an example system 500 having

one or more processor(s) 505, system control module 510 coupled to at least one of the

processor(s) 505, system memory 515 coupled to system control module 510, non-volatile

memory (NVM)/storage 520 coupled to system control module 510, and one or more

communications interface(s) 525 coupled to system control module 510.

In some embodiments, the system 500 may be capable of functioning as the UEs

110, 210, 215, 225, 230, 235, 240, or 245 as described herein. In other embodiments, the

system 500 may be capable of functioning as the eNBs 105 or 205 as described herein. In

some embodiments, the system 500 may include one or more computer-readable media

(e.g., system memory or NVM/storage 520) having instructions and one or more

processors (e.g., processor(s) 505) coupled with the one or more computer-readable media

and configured to execute the instructions to implement a module to perform actions

described herein.

System control module 510 for one embodiment may include any suitable interface

controllers to provide for any suitable interface to at least one of the processor(s) 505

and/or to any suitable device or component in communication with system control module

510.

System control module 510 may include memory controller module 530 to provide

an interface to system memory 515. The memory controller module 530 may be a

hardware module, a software module, and/or a firmware module.

System memory 515 may be used to load and store data and/or instructions, for

example, for system 500. System memory 515 for one embodiment may include any

suitable volatile memory, such as suitable DRAM, for example. In some embodiments, the

system memory 515 may include double data rate type four synchronous dynamic

random-access memory (DDR4 SDRAM).

System control module 510 for one embodiment may include one or more

input/output (I/O) controller(s) to provide an interface to NVM/storage 520 and

communications interface(s) 525.

The NVM/storage 520 may be used to store data and/or instructions, for example.

NVM/storage 520 may include any suitable non-volatile memory, such as flash memory,

for example, and/or may include any suitable non-volatile storage device(s), such as one or



more hard disk drive(s) (HDD(s)), one or more compact disc (CD) drive(s), and/or one or

more digital versatile disc (DVD) drive(s), for example.

The NVM/storage 520 may include a storage resource physically part of a device

on which the system 500 may be installed or it may be accessible by, but not necessarily a

part of, the device. For example, the NVM/storage 520 may be accessed over a network

via the communications interface(s) 525.

Communications interface(s) 525 may provide an interface for system 500 to

communicate over one or more network(s) and/or with any other suitable device. The

system 500 may wirelessly communicate with the one or more components of the wireless

network in accordance with any of one or more wireless network standards and/or

protocols. In some embodiments the communications interface(s) 525 may include the

transceiver module 140 and/or radio resource identification circuitry 155 or allocation

circuitry 175 of Figure 1, dependent on whether the system 500 is function as UE 110 or

eNB 105.

For one embodiment, at least one of the processor(s) 505 may be packaged

together with logic for one or more controller(s) of system control module 510, e.g.,

memory controller module 530. For one embodiment, at least one of the processor(s) 505

may be packaged together with logic for one or more controllers of system control module

510 to form a System in Package (SiP). For one embodiment, at least one of the

processor(s) 505 may be integrated on the same die with logic for one or more

controller(s) of system control module 510. For one embodiment, at least one of the

processor(s) 505 may be integrated on the same die with logic for one or more

controller(s) of system control module 510 to form a System on Chip (SoC).

In some embodiments the processor(s) 505 may include or otherwise be coupled

with one or more of a graphics processor (GPU) (not shown), a digital signal processor

(DSP) (not shown), wireless modem (not shown), digital camera or multimedia circuitry

(not shown), sensor circuitry (not shown), display circuitry (not shown), and/or GPS

circuitry (not shown).

In various embodiments, the system 500 may be, but is not limited to, a server, a

workstation, a desktop computing device, or a mobile computing device (e.g., a laptop

computing device, a handheld computing device, a tablet, a netbook, a smart phone, a

gaming console, etc.). In various embodiments, the system 500 may have more or less

components, and/or different architectures. For example, in some embodiments, the

system 500 includes one or more of a camera, a keyboard, liquid crystal display (LCD)



screen (including touch screen displays), non-volatile memory port, multiple antennas,

graphics chip, application-specific integrated circuit (ASIC), and speakers.

Methods and apparatuses are provided herein for Example 1 may include a user

equipment (UE) comprising: radio resource identification circuitry to identify a first radio

resource in a radio frame based at least in part on a predicted cellular interference caused

by a transmission of a device-to-device (D2D) signal by the UE on the first radio resource

at a first power level to a transmission of a predicted third generation partnership project

(3GPP) long term evolution (LTE) signal; and transmitter circuitry coupled with the radio

resource identification circuitry, the transmitter circuitry further to transmit the D2D signal

on the first radio resource at the first power level at a time of a transmission of an uplink

3GPP LTE signal on a second radio resource in the radio frame by a second UE at a

second power level.

Example 2 may include the UE of example 1, wherein a received signal strength at

an eNodeB (eNB) of the D2D signal is less than a received signal strength at the eNB of

the uplink 3GPP LTE signal.

Example 3 may include the UE of example 1, wherein the radio resource

identification circuitry is further to identify the first radio resource based at least in part on

a predicted D2D interference to the D2D signal caused by the transmission of the

predicted 3GPP LTE signal.

Example 4 may include the UE of example 1, wherein the radio resource

identification circuitry is further to determine the predicted cellular interference.

Example 5 may include the UE of example 4, wherein the predicted cellular

interference is based at least in part on a D2D transmission power threshold.

Example 6 may include the UE of example 1, wherein the first radio resource and

the second radio resource at least partially overlap one another in time or frequency.

Example 7 may include the UE of any of examples 1-6, wherein the predicted

3GPP LTE signal is an uplink signal and the predicted cellular interference is predicted

cellular interference experienced by an eNodeB (eNB).

Example 8 may include the UE of any of examples 1-6, wherein the predicted

3GPP LTE signal is a downlink signal and the predicted cellular interference is predicted

cellular interference experienced by the UE.

Example 9 may include the UE of any of examples 1-6, wherein the radio resource

identification circuitry is further to identify the first radio resource based at least in part on

an indication of the first radio resource received by the UE from an eNodeB.



Example 10 may include the UE of any of examples 1-6, further comprising a

touchscreen display coupled with the processor circuitry.

Example 11 may include a method comprising: predicting, by a user equipment

(UE), a cellular interference that would be caused by a device-to-device (D2D) signal

transmitted by the UE in a radio frame at a first power level to a third generation

partnership project (3GPP) long term evolution (LTE) signal in the radio frame;

identifying, by the UE, a radio resource in the radio frame based at least in part on the

predicted cellular interference; and transmitting, by the UE, the D2D signal on the radio

resource.

Example 12 may include the method of example 11, wherein the 3GPP LTE signal

is a 3GPP LTE uplink signal, and the cellular interference is cellular interference at an

eNodeB.

Example 13 may include the method of example 11, wherein the UE is a first UE,

the 3GPP LTE signal is a 3GPP LTE downlink signal, and the cellular interference is

cellular interference at a second UE.

Example 14 may include the method of any of examples 11-13, wherein the

identifying the radio resource is based at least in part on receiving, by the UE, an

indication of the radio resource from an eNodeB.

Example 15 may include the method of any of examples 11-13, wherein the

identifying the radio resource in the radio frame is further based at least in part on

predicting a D2D cellular interference caused by the transmission of the 3GPP LTE signal

in the radio frame.

Example 16 may include an eNodeB (eNB) comprising: a receiver to receive a

request from a user equipment (UE) for a radio resource allocation of a radio resource for

a transmission of a device-to-device (D2D) signal; and allocation circuitry coupled with

the receiver, the allocation circuitry to: predict a cellular interference to a third generation

partnership project (3GPP) long term evolution (LTE) signal caused by the transmission of

the (D2D) signal by the UE; allocate a D2D radio resource of a radio frame configured to

carry only D2D signals to the UE if the cellular interference is above a threshold; and

allocate a hybrid radio resource of a radio frame configured to carry D2D signals and

3GPP LTE signals to the UE if the cellular interference is below the threshold.

Example 1 may include the eNB of claim 16, further comprising a transmitter

coupled with the resource allocation circuitry, the transmitter to transmit the indication of

the D2D radio resource or the hybrid radio resource to the UE.



Example 18 may include the eNB of example 16, wherein the 3GPP LTE signal is

an uplink 3GPP LTE signal.

Example 19 may include the eNB of example 16, wherein the 3GPP LTE signal is

a downlink 3GPP LTE signal.

Example 20 may include the eNB of any of examples 16-19, wherein the UE is a

first UE, and the transmitter is further to transmit a measurement request to the first UE

and a second UE; and wherein the receiver is further to receive, in response to the

measurement request, a measurement of current cellular interference experienced by the

first UE and the second UE.

Example 1 may include an apparatus comprising: means to predict a cellular

interference that would be caused by a device-to-device (D2D) signal transmitted by the

UE in a radio frame at a first power level to a third generation partnership project (3GPP)

long term evolution (LTE) signal in the radio frame; means to identify a radio resource in

the radio frame based at least in part on the predicted cellular interference; and means to

transmit the D2D signal on the radio resource.

Example 22 may include the apparatus of example 21, wherein the 3GPP LTE

signal is a 3GPP LTE uplink signal, and the cellular interference is cellular interference at

an eNodeB.

Example 23 may include the apparatus of example 21, wherein the UE is a first

UE, the 3GPP LTE signal is a 3GPP LTE downlink signal, and the cellular interference is

cellular interference at a second UE.

Example 24 may include the apparatus of any of examples 21-23, wherein the

means to identify the radio resource include means to receive an indication of the radio

resource from an eNodeB.

Example 25 may include the apparatus of any of examples 21-23, wherein the

means to identify the radio resource in the radio frame include means to predict a D2D

cellular interference caused by the transmission of the 3GPP LTE signal in the radio

frame.

Example 26 may include one or more computer readable media comprising

instructions, upon execution of the instructions by a computing device, to: predict a

cellular interference that would be caused by a device-to-device (D2D) signal transmitted

by the UE in a radio frame at a first power level to a third generation partnership project

(3GPP) long term evolution (LTE) signal in the radio frame; identify a radio resource in



the radio frame based at least in part on the predicted cellular interference; and transmit

the D2D signal on the radio resource.

Example 27 may include the one or more computer readable media of example 26,

wherein the 3GPP LTE signal is a 3GPP LTE uplink signal, and the cellular interference is

cellular interference at an eNodeB.

Example 28 may include the one or more computer readable media of example 26,

wherein the UE is a first UE, the 3GPP LTE signal is a 3GPP LTE downlink signal, and

the cellular interference is cellular interference at a second UE.

Example 29 may include the one or more computer readable media of any of

examples 26-28, wherein the instructions to identify the radio resource include instructions

to receive an indication of the radio resource from an eNodeB.

Example 30 may include the one or more computer readable media of any of

examples 26-28, wherein the instructions to identify the radio resource in the radio frame

include instructions to predict a D2D cellular interference caused by the transmission of

the 3GPP LTE signal in the radio frame.

Example 3 1 may include a method comprising: receiving, at an eNodeB, a request

from a user equipment (UE) for a radio resource allocation of a radio resource for a

transmission of a device-to-device (D2D) signal; predicting, at the eNB, a cellular

interference to a third generation partnership project (3GPP) long term evolution (LTE)

signal caused by the transmission of the (D2D) signal by the UE; allocating, at the eNB, a

D2D radio resource of a radio frame configured to carry only D2D signals to the UE if the

cellular interference is above a threshold; and allocating, at the eNB, a hybrid radio

resource of a radio frame configured to carry D2D signals and 3GPP LTE signals to the

UE if the cellular interference is below the threshold.

Example 32 may include the method of example 31, further comprising

transmitting the indication of the D2D radio resource or the hybrid radio resource to the

UE.

Example 33 may include the method of example 31, wherein the 3GPP LTE signal

is an uplink 3GPP LTE signal.

Example 34 may include the method of example 31, wherein the 3GPP LTE signal

is a downlink 3GPP LTE signal.

Example 35 may include the method of any of examples 31-34, wherein the UE is

a first UE, and further comprising transmitting, from the eNB, a measurement request to

the first UE and a second UE; and receiving, from the eNB in response to the



measurement request, a measurement of current cellular interference experienced by the

first UE and the second UE.

Example 36 may include an apparatus comprising: means to receive a request from

a user equipment (UE) for a radio resource allocation of a radio resource for a

transmission of a device-to-device (D2D) signal; means to predict a cellular interference to

a third generation partnership project (3GPP) long term evolution (LTE) signal caused by

the transmission of the (D2D) signal by the UE; means to allocate a D2D radio resource of

a radio frame configured to carry only D2D signals to the UE if the cellular interference is

above a threshold; and means to allocate a hybrid radio resource of a radio frame

configured to carry D2D signals and 3GPP LTE signals to the UE if the cellular

interference is below the threshold.

Example 37 may include the apparatus of example 36, further comprising means to

transmit the indication of the D2D radio resource or the hybrid radio resource to the UE.

Example 38 may include the apparatus of example 36, wherein the 3GPP LTE

signal is an uplink 3GPP LTE signal.

Example 39 may include the apparatus of example 36, wherein the 3GPP LTE

signal is a downlink 3GPP LTE signal.

Example 40 may include the apparatus of any of examples 36-39, wherein the UE

is a first UE, and further comprising means to transmit a measurement request to the first

UE and a second UE; and means to receive, in response to the measurement request, a

measurement of current cellular interference experienced by the first UE and the second

UE.

Example 4 1 may include one or more computer readable media comprising

instructions configured, upon execution of the instructions by a computing device, to:

receive a request from a user equipment (UE) for a radio resource allocation of a radio

resource for a transmission of a device-to-device (D2D) signal; predict a cellular

interference to a third generation partnership project (3GPP) long term evolution (LTE)

signal caused by the transmission of the (D2D) signal by the UE; allocate a D2D radio

resource of a radio frame configured to carry only D2D signals to the UE if the cellular

interference is above a threshold; and allocate a hybrid radio resource of a radio frame

configured to carry D2D signals and 3GPP LTE signals to the UE if the cellular

interference is below the threshold.



Example 42 may include the one or more computer readable media of example 41,

wherein the instructions are further to transmit the indication of the D2D radio resource or

the hybrid radio resource to the UE.

Example 43 may include the one or more computer readable media of example 41,

wherein the 3GPP LTE signal is an uplink 3GPP LTE signal.

Example 44 may include the one or more computer readable media of example 41,

wherein the 3GPP LTE signal is a downlink 3GPP LTE signal.

Example 45 may include the one or more computer readable media of any of

examples 41-44, wherein the UE is a first UE, and wherein the instructions are further to

transmit, from the eNB, a measurement request to the first UE and a second UE; and

receive, in response to the measurement request, a measurement of current cellular

interference experienced by the first UE and the second UE.

Although certain embodiments have been illustrated and described herein for

purposes of description, this application is intended to cover any adaptations or variations

of the embodiments discussed herein. Therefore, it is manifestly intended that

embodiments described herein be limited only by the claims.

Where the disclosure recites "a" or "a first" element or the equivalent thereof, such

disclosure includes one or more such elements, neither requiring nor excluding two or

more such elements. Further, ordinal indicators (e.g., first, second or third) for identified

elements are used to distinguish between the elements, and do not indicate or imply a

required or limited number of such elements, nor do they indicate a particular position or

order of such elements unless otherwise specifically stated.



Claims

What is claimed is:

1. A user equipment (UE) comprising:

radio resource identification circuitry to identify a first radio resource in a radio

frame based at least in part on a predicted cellular interference caused by a transmission of

a device-to-device (D2D) signal by the UE on the first radio resource at a first power level

to a transmission of a predicted third generation partnership project (3GPP) long term

evolution (LTE) signal; and

transmitter circuitry coupled with the radio resource identification circuitry, the

transmitter circuitry further to transmit the D2D signal on the first radio resource at the

first power level at a time of a transmission of an uplink 3GPP LTE signal on a second

radio resource in the radio frame by a second UE at a second power level.

2 . The UE of claim 1, wherein a received signal strength at an eNodeB (eNB) of

the D2D signal is less than a received signal strength at the eNB of the uplink 3GPP LTE

signal.

3 . The UE of claim 1, wherein the radio resource identification circuitry is further

to identify the first radio resource based at least in part on a predicted D2D interference to

the D2D signal caused by the transmission of the predicted 3GPP LTE signal.

4 . The UE of claim 1, wherein the radio resource identification circuitry is further

to determine the predicted cellular interference.

5 . The UE of claim 4, wherein the predicted cellular interference is based at least in

part on a D2D transmission power threshold.

6 . The UE of claim 1, wherein the first radio resource and the second radio

resource at least partially overlap one another in time or frequency.

7 . The UE of any of claims 1-6, wherein the predicted 3GPP LTE signal is an

uplink signal and the predicted cellular interference is predicted cellular interference

experienced by an eNodeB (eNB).

8. The UE of any of claims 1-6, wherein the predicted 3GPP LTE signal is a

downlink signal and the predicted cellular interference is predicted cellular interference

experienced by the UE.

9 . The UE of any of claims 1-6, wherein the radio resource identification circuitry

is further to identify the first radio resource based at least in part on an indication of the

first radio resource received by the UE from an eNodeB.



10. The UE of any of claims 1-6, further comprising a touchscreen display coupled

with the processor circuitry.

11. A method comprising:

predicting, by a user equipment (UE), a cellular interference that would be caused

by a device-to-device (D2D) signal transmitted by the UE in a radio frame at a first power

level to a third generation partnership project (3GPP) long term evolution (LTE) signal in

the radio frame;

identifying, by the UE, a radio resource in the radio frame based at least in part on

the predicted cellular interference; and

transmitting, by the UE, the D2D signal on the radio resource.

12. The method of claim 11, wherein the 3GPP LTE signal is a 3GPP LTE uplink

signal, and the cellular interference is cellular interference at an eNodeB.

13. The method of claim 11, wherein the UE is a first UE, the 3GPP LTE signal is

a 3GPP LTE downlink signal, and the cellular interference is cellular interference at a

second UE.

14. The method of any of claims 11-13, wherein the identifying the radio resource

is based at least in part on receiving, by the UE, an indication of the radio resource from

an eNodeB.

15. The method of any of claims 11-13, wherein the identifying the radio resource

in the radio frame is further based at least in part on predicting a D2D cellular interference

caused by the transmission of the 3GPP LTE signal in the radio frame.

16. An eNodeB (eNB) comprising:

a receiver to receive a request from a user equipment (UE) for a radio resource

allocation of a radio resource for a transmission of a device-to-device (D2D) signal; and

allocation circuitry coupled with the receiver, the allocation circuitry to:

predict a cellular interference to a third generation partnership project

(3GPP) long term evolution (LTE) signal caused by the transmission of the (D2D)

signal by the UE;

allocate a D2D radio resource of a radio frame configured to carry only

D2D signals to the UE if the cellular interference is above a threshold; and

allocate a hybrid radio resource of a radio frame configured to carry D2D

signals and 3GPP LTE signals to the UE if the cellular interference is below the

threshold.



17. The eNB of claim 16, further comprising a transmitter coupled with the

resource allocation circuitry, the transmitter to transmit the indication of the D2D radio

resource or the hybrid radio resource to the UE.

18. The eNB of claim 16, wherein the 3GPP LTE signal is an uplink 3GPP LTE

signal.

19. The eNB of claim 16, wherein the 3GPP LTE signal is a downlink 3GPP LTE

signal.

20. The eNB of any of claims 16-19, wherein the UE is a first UE, and the

transmitter is further to transmit a measurement request to the first UE and a second UE;

and

wherein the receiver is further to receive, in response to the measurement request, a

measurement of current cellular interference experienced by the first UE and the second

UE.













A. CLASSIFICATION OF SUBJECT MATTER

H04W 72/08(2009.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
H04W 72/08; H04W 16/10; H04W 76/02; H04W 24/00; H04B 15/00; H04W 72/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: hybrid radio resource, D2D, interference, predict, power level

DOCUMENTS CONSIDERED TO BE RELEVANT

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

US 2010-0240312 Al (TAO PENG e t a l . ) 23 Sept ember 2010 1-15

See paragraphs [0029] , [0031] , [0034] , [0035] , [0037] , [0038] , [0041] , [0045]

, [0047] ; c l aims 1 , 3 , 11 , 15; and f igure 6

16-20

WO 2012-144941 Al (TELEFONAKTI EBOLAGET L M ERICSSON (PUBL) ) 26 Oct ober 2012 1-20

See page 2 , l ines 27-20 ; page 3 , l ines 7-8 ; page 14 , l ines 22-24 ; page 17,

l ines 4-6; and f igure 4 .

US 2011-0306349 Al (SAMI-JUKKA HAKOLA e t a l . ) 15 December 2011 1-20

See paragraphs [0037] , [0039] ; c l aim V, and f i gure 6 .

US 2010-0110999 Al ( JUNYI KI e t a l . ) 06 May 2010 1-20

See paragraphs [0065] , [0070] ; and f igure 8 .

US 2012-0300662 Al (HAWING WANG e t a l . ) 29 November 2012 1-20

See paragraphs [0025] , [0030] ; and f igure 1 .

I IFurther documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

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

10 April 2014 (10.04.2014) 10 April 2014 (10.04.2014)
Name and mailing address of the ISA/KR Authorized officer .tt International Application Division

Korean Intellectual Property Office YANG, Jeong Rok
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,

I ¾ ¾
R ubl of Korea ΐ · *

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-5709

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



Information on patent family members PCT/US2013/075801

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2010--0240312 Al 23/09/2010 CN 102365897 A 29/02/2012
EP 2412199 A2 01/02/2012
RU 2011142449 A 27/04/2013
RU 2503153 C2 27/12/2013
US 8107883 B2 31/01/2012
WO 2010-109303 A2 30/09/2010
WO 2010-109303 A3 18/11/2010

wo 2012--144941 Al 26/10/2012 CN 103493529 A 01/01/2014
EP 2700259 Al 26/02/2014

us 2011--0306349 Al 15/12/2011 CN 102939788 A 20/02/2013
EP 2583526 Al 24/04/2013
US 8359038 B2 22/01/2013
wo 2011-157884 Al 22/12/2011

us 2010--0110999 Al 06/05/2010 CN 102204365 A 28/09/2011
EP 2353331 Al 10/08/2011
JP 2012-507975 A 29/03/2012
JP 2013-179638 A 09/09/2013

R 10-1301272 Bl 28/08/2013
R 10-1317393 Bl 15/10/2013

KR 10-2011-0093870 A 18/08/2011
KR 10-2012-0140256 A 28/12/2012
T W 201032639 A 01/09/2010
wo 2010-053688 Al 14/05/2010

us 2012--0300662 Al 29/11/2012 CN 102792732 A 21/11/2012
EP 2526713 Al 28/11/2012
WO 2011-088619 Al 28/07/2011

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


	abstract
	description
	claims
	drawings
	wo-search-report

