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Device-to-Device Com mun ication Scenario

Field

The invention relates to the field of cellular radio

telecommunications and, particularly, to communicating over a device-to-

device connection in a cellular telecommunication system.

Background

Integration of new network topologies into a cellular radio network

gains more and more attraction and interest in both industry and academic

instances. Some examples of the integration include heterogeneous networks

related to deployment of macro, micro, pico, femto and relay cells in the same

spectrum in an UMTS LTE or LTE-A (Universal Mobile Telecommunication

System Long-Term Evolution - Advanced) of 3GPP (3 rd Generation

Partnership Project). A step further is to enable heterogeneous local

communication directly among devices and machines in the resources of the

cellular radio network. Heterogeneous local communication may be defined to

include direct device-to-device communications (between two terminal

devices), communication within a cluster of terminal devices, a grid of local

machines communicating with each other while performing other tasks, an

advanced terminal device acting as a gateway or a relay for a group of low-

capacity devices or machines in order to provide access to the cellular radio

network, and secondary utilization of cellular system spectrum.

Brief description

According to an aspect of the present invention, there are provided

methods as specified in claims 1 and 7 .

According to another aspect of the present invention, there are

provided apparatuses as specified in claims 12 and 19 .

According to another aspect of the present invention, there is

provided a telecommunication system as specified in claim 26.

According to another aspect of the present invention, there is

provided an apparatus as specified in claim 27.

According to yet another aspect of the present invention, there is

provided a computer program product embodied on a computer readable

distribution medium as specified in claim 28.

Embodiments of the invention are defined in the dependent claims.



List of drawings

Some embodiments of the invention are described below, by way of

example only, with reference to the accompanying drawings, in which

Figure 1 illustrates an embodiment of a communication scenario to

which some embodiments of the invention may be applied;

Figure 2 illustrates a process for supporting simultaneous multi-use

of backhaul link resources according to an embodiment of the invention;

Figure 3 illustrates a signaling diagram of configuring the

simultaneous multi-use of the backhaul resources according to an embodiment

of the invention;

Figure 4 illustrates an embodiment of a process for utilizing the

backhaul link resources of a relay base station by another communication

device in a cell covered by the relay base station;

Figure 5 illustrates timing alignment of a device-to-device

connection when utilizing the backhaul link resources according to an

embodiment of the invention; and

Figures 6 and 7 illustrate block diagrams of apparatuses according

to some embodiments of the invention.

Description of embodiments

The following embodiments are exemplary. Although the

specification may refer to "an", "one", or "some" embodiment(s) in several

locations, this does not necessarily mean that each such reference is to the

same embodiment(s), or that the feature only applies to a single embodiment.

Single features of different embodiments may also be combined to provide

other embodiments. Furthermore, words "comprising" and "including" should

be understood as not limiting the described embodiments to consist of only

those features that have been mentioned and such embodiments may contain

also features/structures that have not been specifically mentioned.

An example of a general architecture of a cellular

telecommunication system providing mobile terminals with voice and data

transfer services is illustrated in Figure 1. The cellular telecommunication

system illustrated in Figure 1 is based on UMTS LTE (Universal Mobile

Telecommunication System Long-Term Evolution) specification, but the

invention is not limited to that. In some embodiments, the cellular

telecommunication system supports other system specifications, e.g. IEEE



802.1 1x (WiFi), WiMAX (Worldwide Interoperability for Microwave Access),

other versions of the UMTS (Wideband Code Division Multiple Access, Hig h

speed Packet Access), GSM (Global System for Mobile Communications) and

its extensions (General Packet Radio Service, Enhanced Data Rates for GPRS

Evolution), and CDMA2000 and its extensions, e.g. Evolution-Data Optimized.

In principle, some embodiments of the invention may be realized in any cellular

radio system. Figure 1 illustrates an example of a radio access network of the

cellular telecommunication system comprising base stations 110, 112 serving

terminal devices 100, 102 and 104, 106, respectively. UMTS LTE systems

incorporate relay extension, according to which relay base stations or relay

nodes are disposed in order to improve coverage and capacity of the cellular

telecommunication system. The relay base stations function as relays between

(central) base stations and terminal devices. In Figure 1, the base station

denoted by numeral 110 is the central base station, and the base station

denoted by numeral 112 is the relay base station. In the UMTS LTE system,

the central base station 110 is called enhanced Node B (eNB), and the relay

base station 112 is called relay node (RN). The relay node 112 functions as a

relay between terminal devices 104, 106 and the eNB 110 . The base stations

110, 112 communicate with the terminal devices 100 to 106 over a radio

interface and, additionally, with each other over a wireless connection. The

wireless connection between the central base station and the relay base

station is called a backhaul link, while a radio interface between the terminal

devices 104, 106 and the relay base station is called an access link. The relay

base station 112 may be configured to time-division- multiplex the backhaul

link and the access link such that it communicates over only one of the

backhaul link and the access link at a time. Uplink and downlink transmissions

in the backhaul link may be time-division-multiplexed (or time-division

duplexed). Downlink transmissions of the backhaul link may be carried out by

using a multicast-broadcast single-frequency network frames (MBSFN in the

UMTS LTE).

The central base station 110 is connected to a core network 113 of

the cellular telecommunication system. The core network 113 may comprise a

mobility management entity (MME) controlling operation of the cellular

telecommunication system according to mobility of the terminal devices 100 to

106, a gateway node (GW) handling data routing, and an operation and

maintenance server (O&M) controlling operating parameters and



configurations, e.g. allocation of identifiers, in a radio access network and in

the core network.

The cellular telecommunication system is configured to provide the

terminal devices 100 to 106 with cellular telecommunication connections

connecting the terminal devices to each other and to other networks through

the cellular telecommunication system. Additionally, the cellular

telecommunication system is configured to support direct device-to-device

(D2D) connections between the terminal devices, wherein the D2D

connections utilize the frequency spectrum of the cellular telecommunication

system. In an embodiment, the D2D connections utilize at least one of

downlink and uplink frequency spectrum of the cellular telecommunication

system. It should be noted that a D2D connection refers to a connection

established over a radio interface between two wireless communication

devices such that the D2D connection is not routed through the radio access

network of the cellular telecommunication system, e.g. the D2D connection

consists the radio link between the two terminal devices of the cellular

telecommunication system or any two communication devices in the cell of the

relay base station. In some embodiments, the D2D connection refers to a

cellular connection in a femtocell established in an ad hoc manner in the

coverage area of the cellular telecommunication system. By definition, a

femtocell is a cell formed by a small cellular base station, typically designed for

use in a home or a small business. In some embodiments, such a femtocell

base station (FB) 114 is called a home Node B. It connects to a service

provider's cellular network via broadband (such as DSL (Digital Subscriber

Line) or cable). However, a wireless connection between the femtocell base

station and the cellular telecommunication system is also a feasible solution.

Some designs of the femtocell support 2 to 4 active terminal devices in a

residential setting, and 8 to 16 active terminal devices in enterprise settings. A

femtocell allows service providers to extend service coverage indoors,

especially where access would otherwise be limited or unavailable. Figure 1

illustrates a femtocell covered by a femtocell base station 114 inside the

coverage area of the relay base station 112 . With respect to femtocells, the

D2D connection refers to connection between the femtocell base station and a

terminal device served by the femtocell base station.

In some embodiments of the present invention, resources of the

backhaul link are utilized by D2D connections. The central base station 110



and the relay base station 112 may be configured to apply directional antennas

to the backhaul link. The result is that the transmissions over the backhaul link

cause reduced interference outside a signal path of the backhaul link.

Therefore, the radio resources of the backhaul link may be in simultaneous use

elsewhere in a cell of the relay base station and/or the central base station.

Figure 2 illustrates an example of a flow diagram of a process for enabling

multi-use of the backhaul link resources. The process of Figure 2 includes

steps that are carried out in the relay node 112 and steps carried out in a

communication device located in a coverage area of the relay node. The

communication device may be the terminal device 104, 106 or the femtocell

base station 114 . Referring to Figure 2, the process starts in block 200. In

block 202, the relay base station 112 receives a control message defining

transmission resources for the backhaul link. In an embodiment, the control

message indicates at least one of a transmission time interval and frequency

resources of the backhaul link. The control message may relate to uplink

resources and/or downlink resources of the backhaul link, and the control

message may be received on a relay physical downlink control channel (R-

PDCCH) from the central base station 110 . In another embodiment, the control

message may be a higher layer message defining at least one sub-frame

statically used for the uplink/downlink transmissions in the backhaul link. By

definition, the downlink of the backhaul link is the transmission direction from

the central base station to the relay base station, and the uplink of the

backhaul link is the transmission direction from the relay base station to the

central base station. In block 204, the relay base station forwards information

on at least some of the resources of the backhaul link received in block 202 to

at least one communication device operating in the cell covered by the relay

base station 112 so as to enable simultaneous multi-utilization of the

transmission resources of the backhaul link. The information may be included

in a downlink control message transmitted by the relay base station 112 on a

broadcast channel or on another physical layer control channel. In some

embodiments, the relay base station may transmit the control message to the

femtocell base station 114 via a wired link between the relay base station 112

and the femtocell base station 114 .

In block 206, the communication device 104, 106, 114 receives the

message defining the transmission resources of the backhaul link. The

communication device 104, 106, 114 is then configured to extract the received



message and determine the transmission resources of the backhaul link from

the received message. In block 208, the relay base station 112 and the

communication device utilize the transmission resources of the backhaul link in

both the backhaul link and in a device-to-device radio link established between

the communication device and another communication device, thereby

realizing simultaneous multi-use of the resources of the backhaul link.

Accordingly, some embodiments of the invention may enable spatial

simultaneous multi-use of the backhaul link resources in the coverage area of

the relay base station 112 . This may improve, for example, spectral efficiency

of the system. It should be understood that the D2D connections may use

other transmission resources as well, e.g. the transmission resources of the

access links.

Figure 3 illustrates an example of a signaling diagram for

configuring the multi-use of the backhaul link resources according to an

embodiment of the invention. The signaling diagram of Figure 3 illustrates

operation of the central base station 110, relay base station 112, and a

communication device located in the cell of the relay base station, e.g. the

terminal device 104, 106 or the femtocell base station 114 . Referring to Figure

3, the central base station determines at least a transmission time interval

(TTI) and frequency resource allocation for the backhaul link and transmits the

determined transmission resources (the TTI and the frequency resource

allocation) to the relay base station in S 1 . The TTI and the frequency

resources may be transmitted in separate control messages. For example, the

TTI may be a static parameter, and it may be configured when setting up the

relay base station. The TTI may comprise one or a plurality of sub-frames the

relay base station is allocated to use periodically. Separate TTIs may be

provided for uplink and the downlink transmissions over the backhaul link, and

both TTIs may be static. The frequency resources may also be configured as a

static or semi-static parameter, e.g. the same frequency resources may be

used for a plurality of TTIs without individual frequency resource scheduling for

each TTI. The frequency resources of the backhaul link may be configured as

a dynamic, semi-static, or a static parameter. In some embodiments, uplink

frequency resources and the downlink frequency resources are different in

terms of static nature. For example, the downlink frequency resources may be

configured as a static or semi-static parameter, while the uplink frequency

resources are scheduled dynamically. The locations of the central base station



110 and the relay base station 112 may be fixed and, thus, a radio channel

between them may be static or relatively static. Because of the lack of mobility,

abrupt fading of some frequency components may be rare, and thus static or at

least semi-static frequency resource scheduling may be used. In order to

improve the flexibility of the frequency resource scheduling, the central base

station may, however, apply dynamic frequency resource scheduling for the

backhaul link. The dynamically scheduled frequency resource allocation may

be transmitted from the central base station 110 to the relay base station 112

on the R-PDCCH.

Upon reception of the transmission resource parameters for the

backhaul link, the relay base station is configured to apply the allocated

transmission resource parameters to the backhaul link communications.

Downlink data transfer over the backhaul link may be carried out on a relay

physical downlink shared channel (R-PDSCH), while data transfer over the

backhaul link may be carried out on a relay physical uplink shared channel (R-

PUSCH). In S2, the relay base station transmits information on the backhaul

link resources to the communication device. With respect to the terminal

device 104, 106, the relay base station may broadcast transmission resource

parameters on the broadcast control channel. For example, static transmission

resource parameters, e.g. the TTI allocation, may be broadcasted as a system

information broadcast (SIB) and/or master system information broadcast (MIB).

When the static transmission resource parameters are changed, e.g. when the

relay base station receives new static parameters, it may update the

corresponding information elements in the broadcast messages. An update

cycle may be longer than 40 ms, for example. The relay base station may be

configured to forward the received semi-static and/or dynamic transmission

resource parameters according to one of the following embodiments. In some

embodiments, the transmission resources are forwarded as the SIB that is

transmitted on an extended broadcast control channel or on a control channel

addressed to a group identifier that is recognized by the terminal devices in the

cell of the relay base station. Such a group identifier may be a System

Information - Radio Network Temporary Identifier (SI-RNTI) of the LTE, for

example. In some embodiments, the transmission resource parameters of the

backhaul link are transmitted on an exclusive channel that may be embedded

into a physical downlink control channel of the access link. In such

embodiments, the exclusive channel may be addressed to a group address



such that it is received and decoded by the terminal devices in the cell of the

relay base station. With respect to the femtocell base station, the channel the

relay base station uses to forward the transmission resource parameters of the

backhaul link depends on an interface between the relay base station and the

femtocell base station. The interface may be a wired interface based on DSL

or X2 or S 1 interface of the LTE, or it may be a wireless interface where the

relay base station sees the femtocell base station as a conventional terminal

device.

In addition to the transmission resource parameters of the backhaul

link, the relay base station may be configured to transmit additional control

information related to the multi-use of the resources of the backhaul link. Such

information may comprise interference control information that is used to limit

interference between the simultaneously used D2D link and the backhaul link.

In one embodiment, the interference control information comprises a threshold

parameter that limits the transmission power of the communication device(s)

using the D2D link. The threshold parameter may be used to avoid interference

towards the relay base station in downlink resources of the backhaul link.

Some of such embodiments are described in greater detail below.

In S3, the communication device prepares to utilize the backhaul

resources received in S2. S3 may comprise determining the transmission

resource of the backhaul link and configuring transceiver components to

communicate in the determined transmission resources, deriving the

transmission power of the D2D link according to the receiver interference

control information, negotiation about D2D communication, e.g. whether to

transmit or receive, and determination of timing alignment (described in greater

detail below). The negotiation about D2D communication may include channel

contention for the D2D link, and the channel contention may be carried out

through an autonomous or semi-autonomous resource scheduling scheme,

e.g. through carrier sensing according to carrier-sensing multiple access with

collision avoidance (CSMA-CA), for example. In such embodiments, the

devices of the D2D link may carry out the resource scheduling through channel

contention and/or negotiation. The negotiation may include transmission of a

Request-to-Send (RTS) message by a party of the D2D link upon detection

that a channel has been free for a determined time period, and the RTS

message may be acknowledged by another party of the D2D link with a Clear-

to-Send (CTS) message. The RTS/CTS negotiation may signal to other



devices listening to the channel that the channel has already been reserved.

This may be indicated by a network allocation vector (NAV) setting triggered by

the transmission of the RTS message. The negotiation may be carried out on a

common control channel (CCCH) which is an uplink control channel in the

UMTS LTE, but it may be adapted for D2D resource negotiation for both uplink

and downlink. In an embodiment, the CCCH messages include an extension

for D2D resource negotiation, wherein the devices of the D2D link are

configured to monitor for the CCCH for the D2D negotiations. The CCCH may

be applied to negotiation of resource scheduling for both uplink and downlink

of the backhaul link. In another embodiment, the communication devices of the

D2D link are configured to utilize the CCCH for negotiating the channel access

to the uplink resources of the backhaul link, while a dedicated signaling

channel is utilized for negotiating the channel access to the downlink resources

of the backhaul link. Accordingly, the signaling channel and the data channel

for the backhaul downlink resources may be different from the signaling

channel and the data channel for the backhaul uplink resources. The signaling

channel(s) may be physically located in the uplink and/or downlink resources

of the backhaul link.

Some embodiments utilize network-controlled scheduling of the

D2D link in the resources of the backhaul link. In such embodiment, the relay

base station may carry out the scheduling of the backhaul link resources to the

communication devices of the D2D link. In such embodiment, the devices of

the D2D link may request data transmission from the relay base station. The

request may be forwarded to the other party of the D2D link. In response to

approving the request, the relay base station may transmit the received

transmission resource parameters of the backhaul link as scheduling

commands, thereby scheduling the utilization of the backhaul resources for

D2D link. The relay base station may, however, transmit also other information

related to radio resource management of the backhaul resources, e.g. the

interference control parameter and transmit power commands. With respect to

the scheduling of the backhaul resources in the femtocell, the relay base

station may forward the information on the backhaul resources to the femtocell

base station, and the femtocell base station may then allocate the backhaul

resources independently to terminal devices served and controlled by the

femtocell base station.



In S4, the communication device utilizes the resources of the

backhaul link for D2D communications, while the relay base station and the

central base station communicate using the same time-frequency resources in

S5. One embodiment of the invention enables spatial multi-use of the same

time-frequency resources by two communication devices (the relay base

station and the terminal device or the femtocell base station) in spatially

different locations.

Figure 4 illustrates an embodiment of the block 208 of Figure 2 in

greater detail for the communication device using the resources of the

backhaul link for the D2D connection. The process starts in block 400, and the

communication device receives the transmission resources of the backhaul link

according to any above-described embodiment in block 206. In block 402, the

communication device establishes a D2D connection with another

communication device. It should be appreciated that block 402 may be carried

out before block 206. In the preparation for the D2D communications, in block

404 it may be determined whether the next transmission over the D2D link is

carried out in uplink or downlink resources of the backhaul link. Block 404 may

comprise determining the next communication resources of the backhaul link in

which the D2D transmission is carried out, e.g. uplink TTI or downlink TTI of

the backhaul link. In other words, in block 404 it may be determined whether

the relay node is transmitting or receiving in the next TTI to which the D2D

transmission is scheduled or being scheduled. The D2D transmission may

include transmission by the communication device carrying out the process of

Figure 4 .

If it is determined in block 404 that the communication device is

scheduled to transmit over the D2D link on downlink resources of the backhaul

link (relay base station is receiving), the process proceeds to block 406 in

which the communication device may apply an interference control procedure.

As mentioned above, the communication device may have received the

interference control parameter from the relay base station. The communication

device may then map the interference control parameter to the transmission

power to be used for the D2D link. The interference control parameter may be

calculated by the central base station or by the relay base station, and the

interference control parameter may be calculated according to link quality of

the backhaul link. The better the quality of the backhaul link, the more

transmission power may be allowed for the communication device. The



interference control parameter may, for example, define a maximum

transmission power in a situation where the link quality between the relay base

station and the communication device is ideal. In block 406, the

communication device may estimate a quality of a link between the

communication device and the relay base station in order to enable scaling the

transmission power according to the link quality. The lower the link quality

between the communication device and the relay base station, the higher

transmission power may be applied to the D2D link. The link quality may be

estimated from a pilot signal received from the relay base station, e.g. a

broadcast pilot signal. The estimated link quality may include a path loss

estimated according to a known transmit power of the pilot signal and a

measured reception power of the pilot signal, for example. Then, the estimated

link quality and the received interference control parameter may be mapped to

the transmit power according to the following equation:

TX_Power = ICP - QUE_RN, (1)

where ICP may represent the interference control parameter (in dB), and the

QUE_RN may represent the path loss between the communication device and

the relay base station (in dB). Thus computed transmission power (TX_Power)

may then be applied to the D2D transmission carried out in the downlink

resources of the backhaul link. The transmit power may be recalculated in

connection with every D2D transmission, or it may be a semi-static parameter

that is maintained for a plurality of D2D transmissions by the communication

device without a recalculation. In the latter case, the recalculation may be

triggered by an updated interference control parameter and/or a change in the

link quality between the communication device and the relay base station, the

recalculation may be carried out periodically and/or according to the mobility of

the communication device. The result of the interference control and avoidance

according to the embodiments may result in controlled interference towards the

relay base station. As a consequence, the D2D transmissions carried out in the

resource of the backhaul link causes interference that remains sufficiently low

to be sustained by the relay base station, and the spectral efficiency is

improved without degrading the performance of the backhaul link. The above-

described procedure for limiting the transmission power may be carried out for

the backhaul downlink resources, and a different transmit power control

procedure may be applied to the backhaul uplink resources. Because of the

different power control schemes for the uplink and the downlink, the



communication device may apply different transmission powers for the uplink

and downlink resources even if the radio channel between the devices of the

D2D connection remains the same. It should be appreciated that some

embodiments utilize other interference control schemes, or even no

interference control.

If it is determined in block 404 that the communication device is

scheduled to transmit over the D2D link on uplink resources of the backhaul

link (relay base station is transmitting), the process proceeds to block 408 in

which the communication device may time-align its D2D transmission to actual

transmission timing of the relay base station. The central base station may

have scheduled the uplink TTI (e.g. a sub-frame) in which the relay base

station carries out the transmission. Due to a propagation delay caused by the

travel of the radio signal through the radio channel, the relay base station may

apply a timing advance to the scheduled TTI so as to ensure that the uplink

transmission is received at the central base station accurately with the correct

timing. Figure 5 illustrates an example of the timing advance and the time-

alignment carried out in block 408. Referring to Figure 5, let us assume that

the central base station has scheduled the backhaul uplink resources 500 (TTI

and frequency resources) and that the relay base station has forwarded the

information on the scheduled backhaul uplink resources 500 to the

communication device. In order to account for the propagation delay, the relay

base station carries out the uplink transmission 504 before the actual timing of

the assigned TTI. As a consequence of the propagation delay, the uplink

transmission is received in the central base station in the assigned TTI

(numeral 502). The timing advance compensating the propagation delay may

be provided by the central base station, or it may be calculated by the relay

base station. Referring to block 408 in Figure 4, the communication device

may be configured to measure a reception timing of the uplink transmission

carried out by the relay base station. As mentioned above, the communication

device has received the TTI (e.g. a sub-frame identifier) and the frequency

resources scheduled to the relay base station for the uplink. The

communication device may then monitor for the TTI and the frequency

resources so as to detect an actual reception timing of the uplink transmission

in the communication device (numeral 506). There may be naturally a

propagation delay caused by the radio channel between the communication

device and the relay base station so the transmission timing 504 of the



backhaul uplink transmission occurs before the reception timing 506 in the

communication device. Upon determining the reception timing 506, the

communication device carries out the D2D transmission 508 within the

reception timing of the uplink backhaul transmission 506. The D2D

transmission may be shorter than the TTI of the backhaul link in order to

ensure that the D2D transmission is within the TTI of the backhaul link. For

example, the TTI of the backhaul link may be 14 OFDM (orthogonal frequency

division multiplexing) symbols in the UMTS LTE, while the D2D transmission is

less than 14 OFDM symbols. In some embodiments, the D2D transmission

may be made shorter by applying a shorter cyclic prefix than the cyclic prefix of

the backhaul link. In one embodiment, the distance between the devices of the

D2D link is short and, therefore, the effect of delay spread is lower, and a

shorter cyclic prefix is applicable.

When the TTI of the backhaul uplink is a static or semi-static

parameter, the communication device may determine the reception timing 506

from previous reception timings with respect to the scheduled TTI 500. As a

consequence, the D2D transmission may maximize the utilization of the

resources of the backhaul link. In some other embodiments, the uplink

backhaul resources may be monitored, and the D2D transmission may be

triggered upon detection of a signal in the monitored uplink backhaul

resources. Such embodiments may improve adaptation to varying radio

channel conditions and propagation delays. An advantage provided by the

time-alignment carried out in block 408 may be, for example, that the

interference caused by the relay base station to a receiver of the D2D link

remains constant (or substantially constant) for the whole duration of the D2D

transmission. In some embodiments, a distance between the communicating

devices of the D2D link is short, and the propagation delay is similar for both

devices. Therefore, the communication device may apply a D2D transmission

timing it has calculated itself. In some embodiments, a receiver of the D2D

transmission computes the transmission timing difference between the

scheduled transmission 500 timing and the observed reception timing 506, and

signals the timing difference to a transmitter. The transmitter may then apply

the received timing difference to the D2D transmission. The interference

caused by the D2D transmission towards reception of the central base station

may be neglected, particularly when the communication device is not in a cell



of the central base station. It should be appreciated that some embodiments

do not utilize the time-alignment of block 408.

The communication device may be configured to apply both blocks

406 and 408 for backhaul downlink and uplink, respectively, only one of the

blocks 406 and 408. It should also be appreciated that the communication

device may apply a different interference avoidance procedure when the D2D

transmission is carried out in transmission resources of the access link. Then,

the communication device may use another interference control parameter that

limits the transmission power to a level that may be sustained by other

communication devices receiving over the access link in the same resources in

which the D2D transmission is carried out. This second interference control

parameter may also be provided by the relay base station in SIB transmission,

for example. With respect to block 408 in connection with the access link

resources, the communication device may carry out similar procedure by

monitoring for uplink transmissions in the access link resources (from a

terminal device to the relay base station), and align the D2D transmission to be

carried out within the transmission timing of the monitored terminal device.

Figure 6 illustrates an embodiment of an apparatus applicable to the

relay base station configured to support D2D and cellular connections, for

example. In some embodiments, the apparatus of Figure 6 may be the relay

base station. The apparatus may comprise a communication controller circuitry

10 configured to control cellular radio connections in a cell controlled by the

relay base station and to provide support of the D2D connections. The

communication controller circuitry 10 may comprise an access link controller

circuitry 14 configured to control communications between the relay base

station and terminal devices served by the relay base station. The access link

controller circuitry 14 may configure radio resource management in the cell

and schedule uplink and downlink transmissions in the access link. The

communication controller circuitry 10 may further comprise a backhaul link

controller circuitry 16 configured to control communications between the relay

base station and a central base station with which the relay base station

provides the relay services. The backhaul link controller circuitry 16 may

receive operating parameters from the central base station via a radio

interface, and configured the utilization of the backhaul link according to the

received parameters. The parameters may include static, semi-static and/or

dynamic parameters for the backhaul link. The backhaul link controller circuitry



16 may store current parameters in a memory 20. Operation of the backhaul

link controller circuitry 16 and the access link controller circuitry 14 may be

time-multiplexed with respect to the channel access. The communication

controller circuitry 10 may further comprise a D2D link controller circuitry 18

configured to support the D2D connections in the cell. The D2D link controller

circuitry 18 may retrieve the transmission resource parameters of the backhaul

link from the memory 20 and/or receive them directly from the backhaul link

controller circuitry 16 . The D2D link controller circuitry may then be configured

to formulate a control message comprising the transmission parameters and,

optionally, other control information related to D2D communications in the

backhaul resources, e.g. the interference control parameter. It may be seen

that the D2D link controller circuitry 18 transforms the transmission resource

parameters received over the backhaul link for transmission over the access

link. The D2D link controller circuitry 18 may then configure the relay base

station to broadcast or otherwise transmit the control message to

communication devices in the cell. The control message may be transmitted

over a radio interface and/or over a wired interface. The D2D link controller

circuitry 18 may also be included as a sub-circuitry in the access link controller

circuitry 14 . When the relay base station is configured to carry out resource

scheduling for the D2D connections, the D2D link controller circuitry 18 may

further comprise a D2D scheduler circuitry 15 configured to schedule the

transmission resources of the backhaul link to the communication devices in

the cell.

The apparatus may further comprise one or more memories 20

storing computer programs configuring the apparatus to perform the above-

described functionalities of the terminal device. The memory 20 may also store

the transmission resource parameters of the backhaul link and the access link

and other information needed for the connections supported by the relay base

station. The parameters and the other information may comprise the above-

mentioned transmission resources, interference control parameters, etc. The

apparatus may further comprise radio interface components 30 providing the

apparatus with radio communication capabilities with the radio access network.

The radio interface components 30 may comprise standard well-known

components such as amplifier, filter, frequency-converter, (de)modulator, and

encoder/decoder circuitries and one or more antennas.



In some embodiments, the apparatus carrying out the certain

embodiments of the invention in the relay base station, for example, comprises

at least one processor and at least one memory including a computer program

code, wherein the at least one memory and the computer program code are

configured, with the at least one processor, to cause the apparatus to carry out

the steps of any one of the processes of Figures 2 to 5 or any other

embodiment described above that is carried out in the relay base station. In

further embodiments, the at least one memory and the computer program code

are configured, with the at least one processor, to cause the apparatus to carry

out any one of the embodiments related to the enabling multi-use of the

backhaul link transmission resources for D2D connections in the cell controlled

by the relay base station. Accordingly, the at least one processor, the memory,

and the computer program code form processing means for carrying out

embodiments of the present invention in the relay base station.

In some embodiments, the apparatus may comprise an input/output

interface to provide means for communicating with the femtocell base station

over an interface other than the radio interface. The connection between the

apparatus and the femtocell base station may comprise a DSL connection, or it

may be an interface of the cellular telecommunication system, e.g. the S 1 or

X2 connection of the UMTS LTE. The connection protocols may comprise the

Internet protocol (IP).

Figure 7 illustrates one embodiment of an apparatus applicable to a

communication device configured to carry out D2D communications in the

resources of the backhaul link. In some embodiments, the apparatus of Figure

7 may be the above-mentioned terminal device of the cellular

telecommunication system or the femtocell base station configured to operate

on a coverage area of the relay base station by utilizing the resources of the

backhaul link. The apparatus may comprise a communication controller

circuitry 50 configured to control cellular radio connections and D2D

connections. The communication controller circuitry 50 may comprise a cellular

link controller circuitry 52 configured to control operations related to cellular

communications with the radio access network of the cellular

telecommunication system. The cellular link controller circuitry 52 may be

configured to control the communications between the communication device

and the radio access network in order to configure the communication device

to operate as a terminal device of the cellular telecommunication system



and/or as the femtocell base station supporting radio interface specifications of

the cellular telecommunication system. When the communication device is the

terminal device, the cellular link controller circuitry 52 may configure the

communication device to support functionalities of the terminal device of the

cellular telecommunication system. When the communication device is the

femtocell base station, the cellular link controller circuitry 52 may configure the

communication device to provide terminal devices located in the femtocell with

cellular telecommunication coverage, e.g. by carrying out radio resource

management for the terminal devices and establishing D2D links with the

terminal devices in the resources of the backhaul link of the relay base station.

The cellular link controller circuitry 52 may be configured to receive the

parameters related to the multi-use of the resources of the backhaul link in a

broadcast message from the relay base station. The communication controller

circuitry 50 may further comprise a D2D link controller circuitry 58 configured to

operate D2D connections in the communication device. The D2D link controller

circuitry may be configured to receive the transmission resources of the

backhaul link from a memory 60, directly from the cellular link controller, or by

other means. Then, the D2D link controller circuitry 58 may configure the

communication device to carry out the D2D communications in the resources

of the backhaul link. The channel access may be implemented by any one of

the above-described schemes.

The communication controller circuitry 50 may further comprise a

transmit power controller circuitry 54 configured to realize block 406 of Figure 4

so as to control the transmission power in downlink resources of the backhaul

link according to the received interference control parameter. The transmit

power controller circuitry 54 may receive an input from the communication

controller circuitry 50 or from the D2D link controller circuitry 58 to carry out the

transmit power calculation. The transmit power controller circuitry 54 may then

output the resulting transmit power to the D2D link controller or directly to

amplification components of the communication device. The communication

controller circuitry 50 may further comprise a transmission timing controller

circuitry 56 configured to adjust the transmission timing with respect to the

received TTI of the uplink backhaul resources. The transmission timing

controller circuitry 56 may be configured to carry out any one of the above-

described embodiments of block 408 of Figure 4 . The transmission timing

controller circuitry 56 may monitor the offset of the observed timing of the



uplink TTI with respect to the absolute timing of the uplink TTI (as received

from the relay base station) for a determined time period or a determined

number of TTIs and, then, adjust the transmission timing of the D2D

connection according to observed average offset.

The apparatus may further comprise one or more processors 62

carrying out general operations in the communication device. The processor

may be configured to execute operating system instructions, execute

applications, and control various peripheral devices connected to the

apparatus. The apparatus may further comprise a user interface 64 controlled

by the processor 62 and comprising a display, an input device (a keypad or a

keyboard), an audio output device, etc., and the data traffic may be transmitted

to the cellular link and/or to the D2D link in response to commands received

from a user through the user interface 64. Similarly, data received through the

cellular link and/or through the D2D link may be displayed to the user through

the user interface 64.

In addition to the parameters of the backhaul link, the memory 60

may store computer programs configuring the apparatus to perform the above-

described functionalities of the communication device. The memory 60 may

also store communication parameters and other information needed for

carrying out the D2D communications in the resources of the backhaul link.

The parameters may include the current transmission resources of the

backhaul link, as received from the relay base station (or by other means). The

parameters and the other information may comprise the above-mentioned

database(s), channel estimates, etc. The apparatus may further comprise radio

interface components 70 providing the apparatus with radio communication

capabilities with the radio access network. The radio interface components 70

may comprise standard well-known components such as amplifier, filter,

frequency-converter, (de)modulator, and encoder/decoder circuitries and one

or more antennas. In some embodiments where the apparatus is the femtocell

base station, the apparatus may comprise an input/output interface to provide

the connection with the relay base station over an interface other than the

radio interface. The connection may comprise a DSL connection, or it may be

an interface of the cellular telecommunication system, e.g. the S 1 or X2

connection of the UMTS LTE. The connection protocols may comprise the

Internet protocol (IP).



In some embodiments, the apparatus carrying out the embodiments

of the invention in the base station, for example, comprises at least one

processor and at least one memory including a computer program code,

wherein the at least one memory and the computer program code are

configured, with the at least one processor, to cause the apparatus to carry out

the steps of at least one of the processes of Figures 2 to 5 or any other

embodiment described above that is carried out in the communication device.

In further embodiments, the at least one memory and the computer program

code are configured, with the at least one processor, to cause the apparatus to

carry out any one of the embodiments related to the D2D communications in

resources of the backhaul link. Accordingly, the at least one processor, the

memory, and the computer program code form processing means for carrying

out embodiments of the present invention in the communication device.

As used in this application, the term 'circuitry' refers to all of the

following: (a) hardware-only circuit implementations, such as implementations

in only analog and/or digital circuitry, and (b) to combinations of circuits and

software (and/or firmware), such as (as applicable): (i) a combination of

processor(s) or (ii) portions of processor(s)/software including digital signal

processor(s), software, and memory(ies) that work together to cause an

apparatus to perform various functions, and (c) to circuits, such as a

microprocessor(s) or a portion of a microprocessor(s), that require software or

firmware for operation, even if the software or firmware is not physically

present. This definition of 'circuitry' applies to all uses of this term in this

application. As a further example, as used in this application, the term

"circuitry" would also cover an implementation of merely a processor (or

multiple processors) or portion of a processor and its (or their) accompanying

software and/or firmware. The term "circuitry" would also cover, for example

and if applicable to the particular element, a baseband integrated circuit or

applications processor integrated circuit for a mobile phone or a similar

integrated circuit in server, a cellular network device, or other network device.

The processes or methods described in Figures 4 to 8 may also be

carried out in the form of a computer process defined by a computer program.

The computer program may be in source code form, object code form, or in

some intermediate form, and it may be stored in some sort of carrier, which

may be any entity or device capable of carrying the program. Such carriers

include a record medium, computer memory, read-only memory, electrical



carrier signal, telecommunications signal, and software distribution package,

for example. Depending on the processing power needed, the computer

program may be executed in a single electronic digital processing unit or it may

be distributed amongst a number of processing units.

The some embodiments of the invention are applicable to cellular or

mobile telecommunication systems defined above but also to other suitable

telecommunication systems. The cellular telecommunication system may have

a fixed infrastructure providing wireless services to subscriber terminals and

having the same cellular structure as another cellular telecommunication

system from. The protocols used, the specifications of mobile

telecommunication systems, their network elements and subscriber terminals,

develop rapidly. Such development may require extra changes to the certain

described embodiments. Therefore, all words and expressions should be

interpreted broadly and they are intended to illustrate, not to restrict, the

embodiment.

It will be obvious to a person skilled in the art that, as technology

advances, the inventive concept can be implemented in various ways. The

invention and its embodiments are not limited to the examples described

above but may vary within the scope of the claims.



Claims

1 A method, comprising:

receiving, in an apparatus comprised in a relay base station of a

cellular radio network, parameters defining transmission resources for a

backhaul link between the relay base station and another base station of the

cellular radio network;

causing the relay base station to transmit at least some of the

received parameters of the backhaul link to at least one communication device

operating in a cell covered by the relay base station so as to enable

simultaneous multi-utilization of the transmission resources of the backhaul

link; and

causing the relay base station to communicate relay data in the

transmission resources defined by the received parameters.

2 The method of claim 1, further comprising:

receiving in the apparatus an information element indicating static

transmission timing assigned to the relay base station for use in the backhaul

link; and

causing the relay base station to transmit the static transmission

timing of the backhaul link to the at least one communication device.

3 The method of claim 1 or 2, further comprising:

receiving in the apparatus a frequency resource allocation assigned

to the relay base station; and

causing the relay base station to transmit the frequency resource

allocation to the at least one communication device.

4 The method of any preceding claim, further comprising causing

the relay base station to radio broadcast at least some of the received

parameters of the backhaul link to the at least one communication device on a

radio broadcast control channel.

5 The method of any preceding claim, further comprising causing

the relay base station to transmit to the at least one communication device an

interference control parameter limiting interference of the at least one

communication device towards the relay base station.

6 The method of any preceding claim, further comprising:

receiving the parameters defining the transmission resources for the

backhaul link on a relay physical downlink control channel between the relay

base station and the other base station; and



causing the relay base station to transmit the at least some of the

received parameters as system information broadcast on a physical broadcast

channel.

7 A method, comprising:

receiving, in a first communication device located in a cell covered

by a relay base station of a cellular radio network, a message comprising

parameters defining transmission resources for a backhaul link between the

relay base station and another base station of the cellular radio network;

determining the transmission resources of the backhaul link from the

received message; and

causing the first communication device to utilize the transmission

resources of the backhaul link in a device-to-device radio link established

between the first communication device and a second communication device.

8 The method of claim 7, further comprising:

determining transmission timing and frequency resources of the

backhaul link; and

causing the first communication device to communicate over the

device-to-device radio link in the transmission timing and the frequency

resources of the backhaul link.

9 The method of claim 7 or 8, further comprising:

receiving, in the first communication device, an interference control

parameter;

determining transmission power for the device-to-device radio link

on the basis of the received interference control parameter; and

causing transmission over the device-to-device radio link in the

transmission resources of the backhaul link with the determined transmission

power.

10 The method of claim 9, wherein the interference control

parameter indicates a maximum allowed interference towards the relay base

station, the method further comprising:

determining a path loss between the relay node and the first

communication device;

determining the transmission power for the device-to-device radio

link on the basis of the determined path loss and the received interference

control parameter; and



applying the determined transmission power when using downlink

transmission resources of the backhaul link and applying a different

transmission power when using uplink transmission resources of the backhaul

link.

11 The method of any preceding claim 7 to 10, further comprising:

detecting transmission of the relay base station in the transmission

resources of the backhaul link;

determining an offset between a transmission time interval assigned

to the relay base station and a time interval when the transmission of the relay

base station is observed by the first communication device;

causing communication over the device-to-device radio link during a

time interval offset from the transmission time interval assigned to the relay

base station by at least the determined offset.

12 An apparatus comprising:

at least one processor; and

at least one memory including a computer program code, wherein

the at least one memory and the computer program code are configured, with

the at least one processor, to:

cause the apparatus to receive parameters defining transmission

resources for a backhaul link between a relay base station of a cellular radio

network and another base station of the cellular radio network;

cause the relay base station to transmit at least some of the

received parameters of the backhaul link to at least one communication device

operating in a cell covered by the relay base station so as to enable

simultaneous multi-utilization of the transmission resources of the backhaul

link; and

cause the relay base station to communicate relay data in the

transmission resources defined by the received parameters.

13 The apparatus of claim 12, wherein the at least one memory and

the computer program code are configured, with the at least one processor, to:

receive an information element indicating static transmission timing

assigned to the relay base station for use in the backhaul link; and

cause the relay base station to transmit the static transmission

timing of the backhaul link to the at least one communication device.



14 The apparatus of claim 12 or 13, wherein the at least one

memory and the computer program code are configured, with the at least one

processor, to:

receive a frequency resource allocation assigned to the relay base

station; and

cause the relay base station to transmit the frequency resource

allocation to the at least one communication device.

15 The apparatus of any preceding claim 12 to 14, wherein the at

least one memory and the computer program code are configured, with the at

least one processor, to cause the relay base station to radio broadcast at least

some of the received parameters of the backhaul link to the at least one

communication device on a radio broadcast control channel.

16 The apparatus of any preceding claim 12 to 15, wherein the at

least one memory and the computer program code are configured, with the at

least one processor, to cause the relay base station to transmit to the at least

one communication device an interference control parameter limiting

interference of the at least one communication device towards the relay base

station.

17 The apparatus of any preceding claim 12 to 16, wherein the at

least one memory and the computer program code are configured, with the at

least one processor, to:

receive the parameters defining the transmission resources for the

backhaul link on a relay physical downlink control channel between the relay

base station and the other base station; and

cause the relay base station to transmit the at least some of the

received parameters as system information broadcast on a physical broadcast

channel.

18 The apparatus of any preceding claim 12 to 17, wherein the

apparatus comprises the relay base station further comprising radio interface

components to provide the relay base station with a radio communication

capability.

19 An apparatus, comprising:

at least one processor; and

at least one memory including a computer program code, wherein

the at least one memory and the computer program code are configured, with

the at least one processor, to:



receive a message comprising parameters defining transmission

resources for a backhaul link between a relay base station of a cellular radio

network and another base station of the cellular radio network;

determine the transmission resources of the backhaul link from the

received message; and

cause a first communication device located in a cell covered by the

relay base station to utilize the transmission resources of the backhaul link in a

device-to-device radio link established between the first communication device

and a second communication device.

20 The apparatus of claim 19, wherein the at least one memory and

the computer program code are configured, with the at least one processor, to:

determine transmission timing and frequency resources of the

backhaul link; and

cause the first communication device to communicate over the

device-to-device radio link in the transmission timing and the frequency

resources of the backhaul link.

2 1 The apparatus of claim 19 or 20, wherein the at least one

memory and the computer program code are configured, with the at least one

processor, to:

receive an interference control parameter;

determine transmission power for the device-to-device radio link on

the basis of the received interference control parameter; and

cause the first communication device to transmit over the device-to-

device radio link in the transmission resources of the backhaul link with the

determined transmission power.

22 The apparatus of claim 2 1 , wherein the interference control

parameter indicates a maximum allowed interference towards the relay base

station, and wherein the at least one memory and the computer program code

are configured, with the at least one processor, to:

determine a path loss between the relay node and the first

communication device;

determine the transmission power for the device-to-device radio link

on the basis of the determined path loss and the received interference control

parameter; and

cause the first communication device to apply the determined

transmission power when using downlink transmission resources of the



backhaul link and applying a different transmission power when using uplink

transmission resources of the backhaul link.

23 The apparatus of any preceding claim 19 to 22, wherein the at

least one memory and the computer program code are configured, with the at

least one processor, to:

detect transmission of the relay base station in the transmission

resources of the backhaul link;

determine an offset between a transmission time interval assigned

to the relay base station and a time interval when the transmission of the relay

base station is observed by the first communication device;

cause communication over the device-to-device radio link during a

time interval offset from the transmission time interval assigned to the relay

base station by at least the determined offset.

24 The apparatus of any preceding claim 19 to 23, wherein the

apparatus comprises a terminal device of the cellular radio network, further

comprising radio interface components to provide the terminal device with

radio communication capability.

25 The apparatus of any preceding claim 19 to 23, wherein the

apparatus comprises a femtocell base station configured to utilize radio

interface specifications of the cellular radio network, further comprising radio

interface components to provide the femtocell base station with radio

communication capability.

26 A telecommunication system comprising the apparatus of any

preceding claim 12 to 18 and the apparatus according to any preceding claim

19 to 25.

27 An apparatus, comprising means for carrying out the method

according to any preceding claim 1 to 11.

28 A computer program product embodied on a distribution medium

readable by a computer and comprising program instructions which, when

loaded into an apparatus, execute the method according to any preceding

claim 1 to 11.
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