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RADIO RESOURCE SHARING AND CONTENTION SCHEME FOR DE¬

VICE-TO-DEVICE COMMUNICATION IN WHITE SPACE SPECTRUM

BANDS

BACKGROUND OF THE INVENTION

Field of the invention:

The present invention relates to mobile com

munication networks, and especially to resource parti-

tioning and sharing in device-to-device networks.

Description of the related art:

The evolution of cellular wireless communica-

tion systems has been marked with different genera

tions. 1st generation (1G) included analog systems such

as AMPS (Advanced Mobile Phone System) and NMT (Nordic

Mobile Telephone) cellular phone networks, introduced

in the early 1980s. The second generation (2G) intro-

duced digital cellular telephony such as the GSM

(Global System for Mobile Communications) standard,

introduced in the early 1990s, which was standardized

by the European Telecommunication Standards Institute

(ETSI) . GSM applies Time Division Multiple Access

( DMA ) based radio interface. GSM is still the most

widespread standard used in mobile communications.

After the 2G networks, 3rd Generation Partner

ship Project (3GPP) has standardized globally applica

ble system specification for 3rd generation mobile com-

munication system. An example of such a system is a

Universal Mobile Telecommunications System (UMTS }

which applies Wideband Code Division Multiple Access

( CDMA } in the air interface. Original chip rate in

WCDMA was specified as 3.84 Mcps and the nominal car-

rier spacing as 5 MHz. In 3GPP release 5 , the concept

of High-Speed Downlink Packet Access (HSDPA) has been



introduced. It is an enhanced communications protocol

in the High-Speed Packet Access family which allows

higher data transfer speeds and capacity. With HSPDA,

data rates up to 4 Mbps for packet switched data are

supported. HSPA+ or "Evolved High-Speed Packet Access"

is a subsequent wireless broadband standard, and it

was defined in release . HSPA+ provides further in¬

crease in data rates by using higher order modulation

methods (such as 64QAM) and by using multiple antenna

techniques such as "multiple-input multiple-output"

(MIMO) which means employing several antennas both in

the transmitter and the receiver.

In release 8 , a concept of Long Term Evolu

tion (3GPP LTE) was introduced. Instead of the earlier

CD A based radio access technology, Orthogonal Fre¬

quency Division Multiplexing (OFDM) is applied in LTE.

Also, a dual cell HSDPA (DC-HSDPA) is introduced in

release 8 which enables single User Equipment (UE) to

receive on two adjacent carriers. Dual cell HSDPA is

based on a primary and secondary carriers where the

primary carrier provides all downlink physical chan

nels together with channels supporting the uplink data

transmission, comprising e.g. a first set of High

Speed Physical Downlink Shared Channels (HS-PDSCHs)

and High Speed Shared Control Channels (HS-SCCHs) . The

secondary carrier is responsible for transmitting a

second set of HS-PDSCHs and HS-SCCHs. Release 8 allows

data rate around 42 Mbps when dual cell functionality

is used with QAM modulation.

Release 9 combined the dual cell HSDPA with

MIMO functionality and also extends the dual cell ap¬

proach to uplink direction. Furthermore, the used car

riers may locate in two separate bands for downlink

transmission, providing a dual band HSDPA (DB-HSDPA)

operation. Bands can be distant, e.g. dual band con¬

figuration no 1 in release 9 is specified to represent

downlink bands 925-960 MHz and 2110-2170 MHz. This as-



pect has great effect on planning the UE's RF parts so

that the receiver is able to receive in these two

bands simultaneously.

Release 9 has further been developed to a

standard named as "LTE Advanced", represented by re

lease 10 and fulfilling all 4th generation system re

quirements. The LTE architecture comprises an Evolved

UMTS Radio Access Network, abbreviated by E-UTRAN. Re

lease 10 specifies for HSDPA a use of three or four

carriers in the downlink direction. This means the UE

can receive on four adjacent carriers each having a 5

MHz band. It will provide even higher data rates; with

MIMO this approach makes possible data rates up to 168

Mbps .

At present, there are two different network

types, which can be called, in this context, as a cel¬

lular network and an ad-hoc network. In a cellular

network, the UE will go through a base station (BS)

for the communication with another UE. However, in an

ad-hoc network, the UE will communicate with another

UE directly. In a cellular network mode, the traffic

usually goes through a centralized controller such as

an eNB even if the source and destination are close to

each other. The main benefit of such an operation is

an easy resource and interference control, but an ob

vious drawback is inefficient resource utilization.

For example, double resources will be required for the

cellular mode comparing with the direct transmission

when two users are close to each other.

For achieving the best throughput in the sys

tem, a good option for the radio network is a multiple

network scenario. Such an example of a hybrid network

is shown in Figure 1 . One UE can choose either the

cellular mode or the direct device-to-device transmis¬

sion (D2D) mode to achieve a high total system per

formance. Basically, in such a hybrid network, criti-



cal problems mainly occur from resource sharing and

interferences present in the system.

In addition to the licensed spectrum, after

the digital television (DTV) deployment, there will be

typically a number of TV channels in a given geo¬

graphical area that are not being used by the DTV

broadcast because of frequency reuse. However, a

transmitter operating on such a locally vacant TV

channel with a much lower power level would not need a

large location separation from co-channel and adja

cent-channel TV stations to avoid interference to be

occurred. Relatively low-power devices can therefore

operate on these vacant channels, which can be called

as TV White Spaces (TVWS) .

IEEE specification 802.11 covers WLAN imple¬

mentations also known as brand name WiFi. The 802.11

further predefines the radio resource partition. The

position and bandwidth of the carriers used by the

WiFi system is fixed. This resource partition method

is suitable for ISM (Industrial, Scientific and Medi

cal) bands because there is not much spectrum competi

tion between different systems and the usable spectrum

for the 802.11 systems is stable. But the position and

bandwidth of the usable spectrum in TVWS is probably

unstable, and sometimes the available spectrum is

fragmentary. The fixed predefined system carrier and

bandwidth is not suitable for the D2D communication on

TVWS bands. As shown in Figure 2 , there are enough

spectrum resources for the 802.11 systems, but they

cannot be used by the 802.11 systems because of the

problem caused by the fixed carrier definition.

IEEE specification 802.22 discloses a stan¬

dard for Wireless Regional Area Networks (WRAN) using

TV White Spaces spectrum. The radio resources used in

the 802.22 system are defined after spectrum sensing.

The terminals in the 802.22 system periodically report

the local information of the usable spectrum after the



sensing. The base station defines the spectrum used by

the system based on the reported information from the

terminals in the cell. In contrast with the 802.11

systems, this resource utilization method can adapt to

a condition of variable spectrum. But the sensing-

report-decision mechanism can only work in a slowly

varying environment rather than a highly dynamic one,

which is probably the case of open White Spaces spec

tra. On the other hand, terminals may sense different

available spectrum gaps under severe competition

situation. The base station just defines the common

spectrum as the system's frequency based on the sens

ing results of different terminals, which will de

crease the efficiency of the resource utilization. An

important advantage of D2D communication is that it

can reuse the radio resources in a way similar as the

Space-division multiple access (SDMA) system does,

since the D2D links are usually short haul and the

transmission power is low. Thus, it is clear that the

channel defining method of the 802.22 system is not

good enough for the D2D communication on the TVWS band

either .

The resource partition mechanisms of IEEE

802.11 and 802.22 systems are both unsuitable because

they cannot work well in a highly competing environ

ment and they cannot use highly varying spectrum effi¬

ciently either. The advantages of the D2D communica

tion, such as short haul links and low transmitting

power, are not utilized very well. These two methods

are not flexible and efficient enough for the D2D com

munication on the TVWS bands.

As yet another prior art system, a Carrier

Sense Multiple Access with Collision Avoidance

(CSMA/CA) is a system where absence of other traffic

is verified through carrier wave sensing (actually, a

lack of any received signal detected by the receiver)

before a transmitting node starts its transmission on



the shared medium. The collision avoidance means that

if the channel is sensed as busy before the transmis

sion, then the transmission is deferred for a random

interval. CSMA/CA with RTS/CTS (Request to send /

Clear to send) functionality is meant for spectrum re

source sharing and contention among users in a dis

tributed and asynchronous network, such as iFi . Be¬

fore any resource competition for the data transmis¬

sion, transmitters must sense the channel condition.

Only after the channel has been idle for at least the

duration of DIFS {Distributed coordination function

InterFrame Space) , it can send the RTS message to the

receiver as a request for setting up the communication

During the subsequent procedures, data transmission is

sent until the channel has been idle for the period of

SIFS (Short InterFrame Space) .

The advantage of the above is that it can re

solve the data collision between users in the distrib¬

uted network.

The disadvantage of the same is that in the

CSMA/CA mechanism, the signaling including RTS, CTS

and ACK (acknowledgement message) uses the same chan¬

nel resources as the data transmission. Thus, the data

and the signaling cannot be transmitted simultaneously

In CSMA, it is very important in carrier sensing to

reduce the possibility of collisions, but however, in

sensing time periods DIFS and SIFS, data transmission

is impossible. All these requirements will degrade the

utilization efficiency of the spectrum resources.

White Spaces (WS) spectra such as the Televi

sion White Spaces can be provided available to lots of

different communication systems, including many other

systems than just the WiFi. This means that the re

source contention in WS spectrum may be quite inten

sive and spectrum fragments will widely exist. It is

well known that the CSMA/CA mechanism cannot work ef¬

ficiently in an intensive competition environment.

Furthermore, the widely-existing and dynamic spectrum



gaps will make the problem even worse since a communi¬

cation pair based on CSMA/CA could hardly find out re¬

sources for communication. Figure 3 is an illustration

of such a case, where the spectrum gaps are either too

narrow in the frequency domain or too short in the

time domain for a CSMA/CA communication. It is obvious

that conventional CSMA/CA systems cannot adapt to the

dynamical environment and furious competition of the

open White Spaces spectra, and thus, the spectrum

utilization is consequently low.

Going back to the IEEE 802.22 concerning to

Wireless Regional Area Networks (WRAN), 802.22 dis

closes a standard for cognitive radio based wireless

communication for license-exempt devices in TVWS, with

a basic requirement of no harmful interferences to the

incumbent. Each communication link is set up between

the user and the Base Station (BS) , and the radio re

source allocation is totally under the control of the

BS.

The advantage of IEEE 802.22 is that based on

cognitive radio technology, WRAN can settle resource

contention to a certain extent and protect the incum

bent .

The disadvantage of IEEE 802.22 is that, as

shown in Figure 2d, WRAN is an infrastructure based

system just like a traditional cellular system. All

the communication needs forwarding of the BS and there

is no consideration on how to set up D2D communica

tions for users in the vicinity. As the TVWS spectrum

is open, there could be a number of heterogeneous sys

tems sharing the spectrum resources. The radio re

source sharing and contention among different systems

results in a challenge that available resource could

be quite dynamic and fragmental in all the space, fre

quency and time domains. This challenge cannot be set

tled in IEEE 802.22 systems effectively since the re

source allocation is performed by the BS, which cannot

trace the variations of the radio environment in a lo

cal area.



In the following, emerging problems of the

above covered issues are discussed.

In traditional LTE and LTE-Advanced systems,

the carriers' locations are well defined and broadcast

in the whole network. D2D UEs can get the same infor

mation and take advantage of this to achieve D2 D com¬

munications through radio resource sharing and reuse

the spectrum with cellular UEs. However, In TV white

spectrum bands, there is no channel partition speci

fied. Therefore, it is hard for D2D UEs to communicate

with each other since they do not even have common

knowledge of the channels' frequency position.

There are several further problems consider¬

ing the D2D communication on the TVWS.

At first, D2 D users can hardly communicate

with each other on TVWS bands because there is not any

channel or radio resource partition specification for

D2D communication. Even if the D2 D users sense the

same white space spectrum, they cannot communicate

with each other because they have no common knowledge

on the resource partition.

Secondly, different from the licensed spec¬

trum, there could be many users or systems that will

compete for the spectrum in TVWS bands. It may result

in highly variable usable spectrum and lots of little

spectrum fragments. When designing the channel and re

source partition method for D2D communication, these

two features of TVWS should be considered carefully to

help D2 D users to use TVWS band more flexibly and ef

ficiently, and improve the system performance and

spectrum efficiency.

Thirdly, one assumption of D2D communication

scenario is that the D2 D user can get assistance in¬

formation from the LTE/LTE-Advanced eNodeB. Therefore,

another problem is that the designing of channel and

resource grid partition method needs considering the



compatibility between D2D communication and LTE/LTE-

Advanced systems. The compatible design can lower the

hardware complexity of the D2D terminals, and it is

good preparation for the research on the LTE/LTE-A

system working in TVWS bands.

There are further some challenges when oper¬

ating D2D communication on TVWS.

TVWS are open to all systems on a condition

that the incumbents should be well protected, thus

there will be a large number of D2D links. Besides

competition from other D2D links, D2D UEs also con¬

front resource contention from heterogeneous systems,

such as WiFi and IEEE 802.22, causing that the radio

environment of D2D links dynamically varies.

Therefore, there is a need for an efficient

resource contention solving and resource sharing

method for a large number of device-to-device UEs.

SUMMARY OF THE INVENTION

According to a first aspect of the present

invention, it introduces a method for resource sharing

between device-to-device users, where user terminals

are capable of utilizing white space bands. The method

comprises obtaining frequency and timing synchroniza¬

tion with adjacent device-to-device user terminals,

through at least one of downlink and uplink synchroni

zation with a base station operating in licensed bands,

and wherein the user terminal receives a primary or

secondary synchronization signal from the base station

in order to achieve frequency and timing synchroniza¬

tion with other user terminals.

In an embodiment of the invention, the method

further comprises setting a virtual central frequency

as a reference of radio resource grid partitioning for

device-to-device communication, configuring size of a

resource block set by the base station, comprising

plurality of resource blocks, a resource block set be-



ing a partitioning unit of a two-dimensional radio re¬

source grid regarding time and frequency, and parti¬

tioning the radio resource grid between used, free and

unusable radio resources of at least one communication

system.

In an embodiment of the invention, the con¬

figured size is based on interferences by other commu¬

nication systems or external sources, and available

frequency bands.

In an embodiment of the invention, the method

further comprises dividing each resource block set in

an available radio spectrum into a device-to-device

common control channel and a device-to-device data

channel .

In an embodiment of the invention, the method

further comprises letting at least two user terminals

to compete for free radio resources using the common

control channel of at least one resource block set,

and giving to a user terminal a permission to transmit

when a clear-to-send information is correctly received

by that user terminal.

In an embodiment of the invention, the method

further comprises sensing usage of the spectrum by the

user terminal when the user terminal is idle, inform¬

ing the sensed spectrum usage with other user termi

nals in order to enable sharing the radio resources as

distributed locally between different device-to-device

communication links, and feeding back the sensed in

formation to the cellular network for reconfiguring

the size of resource block sets.

In an embodiment of the invention, the avail¬

able radio spectrum comprises White Space frequency

bands such as Television White Spaces and Industrial,

Scientific and Medical (ISM) frequency bands.

In an embodiment of the invention, the con¬

trol channel of the resource block set comprises a



ready-to-send, a clear-to-send, data control informa¬

tion and acknowledgement information sub-channels.

In an embodiment of the invention, the method

further comprises the ready-to-send sub-channel com¬

prises a transmission requirement message from a

transmitting user terminal to a receiving user termi

nal, comprising ID data for both terminals, the clear-

to-send sub-channel comprises a response message from

the receiving user terminal to the transmitting user

terminal on at least one resource block set, sent if

no transmission requirement message conflict exists in

the receiving user terminal and the corresponding re¬

source block sets are applicable for use, the data

control information sub-channel comprises at least one

of data format and buffer size, and the acknowledge

ment information sub-channel comprises information

whether the data transmission is acknowledged (ACK) or

not (NAK) .

In an embodiment of the invention, in a sin

gle resource competition, the data is sent between the

transmitting user terminal and the receiving user ter¬

minal in the following order: the transmission re

quirement message, the response message, the data con¬

trol information, the data and the acknowledgement in

formation .

In an embodiment of the invention, further in

case of a used frequency band is noticed overcrowded

by the sensing, shifting the used frequency band with¬

out negotiating with other user terminals so that at

least one resource block set overlaps between the

shifted and unshifted frequency bands.

In an embodiment of the invention, further in

case of a used frequency band is noticed overcrowded

by the sensing and a free frequency band is non-

overlapping with the used frequency band, transferring

the used frequency band to the free frequency band

through a new resource competition procedure.



According to a second aspect of the invention,

a user terminal is introduced for resource sharing be¬

tween device-to-device users. The user terminal is ca¬

pable of utilizing white space bands, and it comprises

a processor configured to obtain frequency and timing

synchronization with adjacent device-to-device user

terminals, through at least one of downlink and uplink

synchronization with a base station operating in li

censed bands, and wherein further configured to re

ceive a primary or secondary synchronization signal

from the base station in order to achieve frequency

and timing synchronization with other user terminals.

In an embodiment of the invention, the proc

essor is further configured to set a virtual central

frequency as a reference of radio resource grid parti

tioning for device-to-device communication, configure

size of a resource block set by the base station, com¬

prising plurality of resource blocks, a resource block

set being a partitioning unit of a two-dimensional ra¬

dio resource grid regarding time and frequency, and

partition the radio resource grid between used, free

and unusable radio resources of at least one communi

cation system.

In an embodiment of the invention, the con

figured size is based on interferences by other commu¬

nication systems or external sources, and available

frequency bands.

In an embodiment of the invention, the proc

essor is further configured to divide each resource

block set in an available radio spectrum into a de

vice-to-device common control channel and a device-to-

device data channel.

In an embodiment of the invention, the proc

essor is further configured to let the user terminal

to compete with at least one other user terminal for

free radio resources using the common control channel

of at least one resource block set, and start the user



terminal transmission when a clear-to-send information

is correctly received by the user terminal.

In an embodiment of the invention, the proc¬

essor is further configured to sense usage of the

spectrum when the user terminal is idle, inform the

sensed spectrum usage with other user terminals in or

der to enable sharing the radio resources as distrib

uted locally between different device-to-device commu

nication links, and feed back the sensed information

to the cellular network for reconfiguring the size of

resource block sets.

In an embodiment of the invention, the avail

able radio spectrum comprises White Space frequency

bands such as Television White Spaces and Industrial,

Scientific and Medical (ISM) frequency bands.

In an embodiment of the invention, the con

trol channel of the resource block set comprises a

ready-to-send, a clear-to-send, data control informa

tion and acknowledgement information sub-channels.

In an embodiment of the invention, the ready-

to-send sub-channel comprises a transmission require¬

ment message from a transmitting user terminal to a

receiving user terminal, comprising ID data for both

terminals, the clear-to-send sub-channel comprises a

response message from the receiving user terminal to

the transmitting user terminal on at least one re

source block set, sent if no transmission requirement

message conflict exists in the receiving user terminal

and the corresponding resource block sets are applica¬

ble for use, the data control information sub-channel

comprises at least one of data format and buffer size,

and the acknowledgement information sub-channel com

prises information whether the data transmission is

acknowledged (ACK) or not (NAK) .

In an embodiment of the invention, in a sin

gle resource competition, the data is sent between the

transmitting user terminal and the receiving user ter-



ina in the following order: the transmission re¬

quirement message, the response message, the data con

trol information, the data and the acknowledgement in

formation .

In an embodiment of the invention, in case of

a used frequency band is noticed overcrowded by the

sensing, shifting the used frequency band without ne¬

gotiating with other user terminals so that at least

one resource block set overlaps between the shifted

and unshifted frequency bands.

In an embodiment of the invention, in case of

a used frequency band is noticed overcrowded by the

sensing and a free frequency band is non-overlapping

with the used frequency band, transferring the used

frequency band to the free frequency band through a

new resource competition procedure.

According to a third aspect of the invention,

a computer program for resource sharing between de

vice-to-device users is introduced. The devices are

capable of utilizing white space bands, and the com¬

puter program comprises code adapted to perform the

following steps, when they are executed on a data-

processing system. These steps comprise obtaining fre¬

quency and timing synchronization with adjacent de

vice-to-device user terminals, through at least one of

downlink and uplink synchronization with a base sta¬

tion operating in licensed bands, and wherein the user

terminal receives a primary or secondary synchroniza

tion signal from the base station in order to achieve

frequency and timing synchronization with other user

terminals .

In an embodiment of the computer program, it

is further adapted to perform the steps of setting a

virtual central frequency as a reference of radio re

source grid partitioning for device-to-device communi¬

cation, configuring size of a resource block set by

the base station, comprising plurality of resource



blocks, a resource block set being a partitioning unit

of a two-dimensional radio resource grid regarding

time and frequency, and partitioning the radio re¬

source grid between used, free and unusable radio re¬

sources of at least one communication system.

In an embodiment of the computer program, the

computer program is stored on a computer readable me

dium.

It is possible to combine one or more of the

embodiments and aspects disclosed above to form one or

more further embodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included

to provide a further understanding of the present in

vention and constitute a part of this specification,

illustrate embodiments of the invention and together

with the description help to explain the principles of

the present invention. The examples shown in the draw

ings are not the only possible embodiments of the in¬

vention and the present invention is not considered to

be limited to the presented embodiments only. In the

drawings :

Figure 1 illustrates a hybrid network com

prising cellular and device-to-device {D2D) networks,

Figure 2a illustrates carrier predef inition

of the IEEE 802.11 system according to prior art,

Figure 2b illustrates carrier sense multiple

access / carrier aggregation (CSMA/CA) scheduling dia

gram with clear-to-send / request-to-send (CTS/RTS)

messaging according to prior art,

Figure 2c illustrates a situation where a re

source is available but unusable by WiFi,

Figure 2d illustrates an example of the sys

tem according to a standard for Wireless Regional Area

Network (WRAN) using white spaces in the TV frequency

spectrum {the IEEE 802.22 system},



Figure 3 illustrates an example of the chan¬

nel and radio resource grid partition mechanism ac

cording to an embodiment of the invention,

Figure 4 illustrates a resource utilization

principle based on a resource block set (RBS) ,

Figure 5 illustrates the resource grid parti¬

tion process flow according to an embodiment of the

invention ,

Figure 6a illustrates an RBS schematic dia¬

gram according to a second aspect of the invention,

Figure 6b illustrates a table of a control

part format in a RBS,

Figure 7 illustrates an example of the trans¬

mission flow,

Figure 8 illustrates RTS and CTS messaging

for the RBS competition,

Figure 9 illustrates an example of the timing

relationship between two users,

Figure 10 illustrates spectrum shifting and

spectrum transference in D2D communication,

Figure 11 illustrates an adjustment of the

Common Control Channel (CCCH) according to the change

of the RBS' s size, and

Figure 12 illustrates an example of the D2D

communication flow for TV White Spaces.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Reference will now be made in detail to the

embodiments of the present invention, examples of

which are illustrated in the accompanying drawings.

The key issue in the present invention is to

design and introduce a resource sharing and contention

mechanism, which works efficiently among D2D (device-

to-device) links. It is also covered in an embodiment

how to achieve efficient resource utilization in case

of coexistence scenario with other heterogeneous sys

tems. The present invention aims to allow a large num

ber of D2D links sharing radio resources in Television



White Spaces (TVWS), while improving spectrum effi

ciency. Besides, the mechanism to be presented needs

making the D2D links to have an ability to balance the

D2D traffic to other vacant spectrum bands, when re

sources are no longer available due to intensive con

tention or by resumption of incumbent transmission

systems .

The present invention addresses D2D communi

cations in license-exempt TVWS bands and deals with a

new mechanism to achieve effective channel partition

for D2D User Equipment units (abbreviated as D2D UEs) .

It is useful for the D2D UEs to operate on such TVWS

bands .

To accomplish the D2D communications in TVWS

bands, a channel and resource grid partition scheme is

needed. The present invention introduces a method, an

apparatus and a computer program for sharing resources

in device-to-device operation between UEs in a tele¬

communication network.

In general, frequency bands available for the

communication between a terminal and a base station

are either licensed specifically for given use or

given service provider (such as for 4G mobile communi

cation use, for instance) , or the bands are unlicensed

Unlicensed bands (or license-free spectrum) mean fre

quency bands that have rules pre-defined for both the

hardware and deployment methods of the radio. These

technical rules are formed in such a manner that in

terference is mitigated by these rules defined for the

bands, rather than the band being restricted for use

by only one entity through a spectrum licensing ap¬

proach .

In an embodiment of the invention, it is as

sumed that a base station (such as an eNodeB, abbrevi

ated as an eNB) controls and allocates resources both

in licensed and unlicensed spectra via carrier aggre

gation methods. This means that there is a primary



component carrier (PCC) taking place on the licensed

spectrum and additional secondary component carriers

(SCCs) taking place on the licensed and/or the unli

censed spectrum.

In other words, LTE Advanced system concept

(from 3GPP release 10 onwards) can deploy the unli¬

censed bands e.g. via carrier aggregation methods so

that the devices and local access points have poten¬

tial spectrum available to be used in opportunistic

manner. This can be implemented as non-contiguous car¬

rier aggregation controlled by the eNB in which unli¬

censed spectrum is used as a ground for secondary car

riers or cells while the primary carriers or cells are

using the licensed spectrum.

The present invention introduces a channel

and resource grid partition method for the D2D commu¬

nication in white space bands, such as in Television

White Spaces. With such a method, the D2D users can

get a common knowledge on the channel and radio grid

partition in TVWS, and based on this method, the D2D

communication can use the radio resources in TVWS

bands efficiently.

In an embodiment according to a first aspect

of the invention, the following steps are performed.

It is to be noted that the features are added with

clarifying issues which are not necessary for the

relevant method steps.

1 . Define a VCF (Virtual Central Frequency) for the

D2D communication. The VCF can be defined by the

base station and broadcasted to the D2D users, or

it can be predefined for the D2D communication.

The VCF provides the basis of the uniform parti¬

tion of the spectrum for the D2D terminals.

2 . After the frequency and timing synchronization,

based on the common VCF, the BS configures the

size of RBS (Resource Block Set} which is the ba

sic resource partition unit of the radio resource

grid on TVWS. With the configuration of the RBS,



all D2D users get uniform knowledge of the radio

resources .

3 . Based on the information about the interference (s

and the free frequencies, the base station can

adjust the size of the RBS semi-statically .

4 . D2D users share the radio resources in TVWS bands

with the RBS as the basic resource unit. Without

the limitation of the fixed defined carrier, all

free radio resources can be utilized.

5 . The VCF can be adjusted or optimized to re

duce the number of bits in the D2D signalling for

representing the locations of the radio resources

For example, in case of free resources crossing

the multiple system carriers or TV channels, the

RBs or RBSs indexed relative to the VCF are suf

ficient to identify the D2D resources whereas RB

indices associated with the carrier number or the

TV channel indices have to be used in the prior

art typically with more bits and signaling. In

particular, the VCF can be adjusted to a fre¬

quency, around where the most free frequency re

sources are located.

The resource blocks (RB) of the present in

vention can be determined as in the LTE specification,

each RB having length of 1 ms and frequency band of

180 kHz.

According to a second aspect of the invention,

a communication procedure between D2D UEs is intro

duced. The procedure is based on the technology of the

LTE/LTE-Advanced, to solve problems of the resource

contention and sharing among a large number of D2D UEs

In an embodiment of the second aspect accord¬

ing to the present invention, the method comprises the

following steps:

1 . The D2D E obtains frequency and timing synchro¬

nization with adjacent D2D UEs through the

downlink (and uplink) synchronization with the

base station (eNB) operating in licensed bands.



2 . Based on the channel and radio resource partition

with the VCF and the RBS definition by the BS,

each RBS in White Space spectrum is divided into

two channels: The D2D common control channel (D2D

CCCH) including RTS , CTS, DataCtrl and ACK sub¬

channels, and the D2D data channel.

3 . The D2D UEs compete for the radio resources in

D2D CCCH of one or multiple RBSs, by which they

can achieve spectrum sharing and contention. A

transmitter starts its data transmission on the

RBSs, when CTS messages are correctly received.

4 . When the D2D UEs are idle, they can sense usage

of the spectrum and coordinate with each other to

adjust the resources of the D2D links locally in

a distributed way.

5 . The D2D UEs feed their sensing information back,

comprising interference level, adjacent spectrum

occupancy, contention intensity, to the eNB . The

eNB will then semi-statically adjust the size of

the RBS in a centralized way.

The present invention is not limited to be

utilized only in LTE/LTE- Advanced based D2D communica

tions, but it can be applied for all D2D terminals and

systems based on OFDM technology.

The D2D communication can use SC-FDMA tech

nology in LTE/LTE- Advanced uplink or O DMA in LTE/LTE-

Advanced downlink.

The present invention is not only suitable

for the resource grid partition in TV White Spaces,

but it can also be used as a resource partition solu

tion in other White Space bands and e.g. ISM bands.

Furthermore, the blank spectrum can be a single con

tinuous spectrum or formed by several non-continuous

spectrum bands .

Both transmission technologies of uplink

(DFT-S-OFDM) and downlink {OFD A ) in LTE/LTE-Advanced

can be used in the D2D communication which may relax



the equipment hardware requirements and retain also

better consistence. On the other hand, it could take

advantage of both techniques. For example, if the

blank spectrum resources are sufficient and the compe-

tition is not fierce, the D2D UEs can adopt the DFT-S-

OFDM technology for transmission. Otherwise, the D2D

UEs would better adopt the OFDMA technology.

The following assumptions are applied in an

embodiment according to the first aspect of the inven-

tion.

The D2D terminals are there in the coverage

of LTE/LTE -Advanced systems, and the D2D users can get

the same information as the cellular terminals using

the LTE/LTE-Advanced system. With this assumption, the

D2D users could get the VCF and RBS configuration in

formation from the eNB, and they can synchronize with

each other through the PSS/SSS reception from eNB.

The D2D communication is compatible with

LTE/LTE-Advanced systems. The first assumption re-

quires that the D2D terminals have the ability to com¬

municate with an eNB in the LTE/LTE-Advanced systems.

Compatibility between the D2D communication and the

LTE/LTE-Advanced systems can lower the complexity of

the D2D terminals, and it is beneficial for the D2D

terminals to get the assistance information from eNB.

The following assumptions are applied in an

embodiment according to the second aspect of the in¬

vention .

The D2D UE is in the coverage area of the

LTE/LTE-Advanced system and it can acquire at least

the same information as a normal UE does.

Further, the D2D UE can demodulate the syn¬

chronization reference signals (PSS/SSS) and broadcast

messages in the LTE/LTE-Advanced system. Also, the D2D

UE can get assistance control from the eNB by demodu-



lating control and/or broadcast channels of the

LTE/LTE- Advanced system.

Furthermore, the transmission between the D2D

UEs should be as compatible as possible with the

LTE/LTE-Advanced system. The definition of the sub-

carriers and the RB maintains the same as in the

LTE/LTE-Advanced system. Further, the configuration of

a subframe structure maintains the same as in the

LTE/LTE-Advanced system. Demodulation reference sig-

nals maintain also the same as with the LTE/LTE-

Advanced system. Furthermore, the LTE/LTE-Advanced

systems still work in licensed bands, and not in the

White Spaces spectrum bands.

In the first aspect of the invention, the

frequency and timing synchronization among the D2D us¬

ers is performed as in the following.

Through receiving the PSS/SSS from the eNodeB

of the LTE/LTE-Advanced system, the D2D terminals can

get the frequency and timing synchronization with the

eNB . Since the mutual distance between D2D terminals

is usually short, the synchronization between the D2D

terminals and the eNB can guarantee the basic synchro

nization among different D2D terminals.

It is to be noted that the synchronization

based on the PSS/SSS reception is enough for the D2D

communication using OFDMA, the downlink transmission

technique. If the DFT-SOFDMA is used as the transmis

sion technique for the uplink, the D2D terminals can

achieve further synchronization through random access

with the eNB.

In the second aspect of the invention, the

frequency and timing synchronization is performed as

in the following.

The D2D UE acquires the downlink frequency

and timing synchronization by detecting and demodulat

ing the PSS and SSS signals of the cell. Through syn-



chronization, the neighboring D2D UEs can launch syn

chronous resource competition, which is different from

the asynchronous contention in CSMA/CA. The OFDM sig

nals of different D2D UEs stay orthogonal with each

other and no so-called guard bands (GB) are needed.

It is to be noted that the synchronization

based on the PSS/SSS reception is enough for the D2D

communication with OFDMA, the downlink transmission

technique. If the DFT-S-OFDMA is used as the uplink

transmission technique, the D2D terminals can get fur

ther synchronization through random access with eNB,

as in the first aspect according to the invention.

The definition of the virtual central fre

quency (VCF) is done according to the following, in

one embodiment of the invention.

It is notable that the VCF does not mean a

real central frequency of any channel or carrier. The

definition of the VCF just provides a basis for the

common channel and radio resource grid partition in

the TV White Spaces bands. The VCF can be defined by

the eNB, and then it can be broadcast to the D2D ter

minals under the coverage of the eNB. It can also be

predefined by the system operator and written in the

SIM/USIM cards of the D2D terminals.

The channel and radio resource grid partition

in White Spaces spectrum is performed as in the fol

lowing, in one embodiment of the invention.

Based on the definition of the VCF, channel

and radio resource grid partition can now be consid

ered. To maintain the compatibility between the D2D

communication and the LTE/LTE-Advanced systems and to

achieve better efficiency and flexibility compromise,

the resource block set (RBS) is defined as the basic

radio resource grid unit for resource sharing of the

D2D communications in the TVWS bands. Figure 3 shows

an example of the channel and radio resource grid par¬

tition mechanism. Based on the VCF and the resource



partition method in the LTE/LTE-Advanced systems, the

eNB can define subcarrier, the RB and the RBS . To

maintain the consistency, the definition of the sub-

carrier and the RB here is the same as in the LTE/LTE-

Advanced system. In frequency domain, each RBS con

tains n pieces of RBs, where n (an integer equal or

larger than 1 , deciding the size of an RBS) is defined

and broadcast by the eNB. In time domain, each RBS

lasts 1 millisecond which is the length of 2 RBs.

With this channel and resource grid partition

mechanism, the D2D communication uses the same sub-

frame structure as the LTE/LTE-Advanced systems. Be¬

cause the D2D users can achieve frequency and timing

synchronization with each other, the radio resources'

grid definition of different D2D links is aligned in

both frequency and time domains, based on this mecha

nism. Since there is no definition of the system car¬

rier and radio resources are further aligned in fre

quency and time domains, there is no need for guard

bands (GB) among different D2D links, which is differ

ent as in conventional LTE/LTE-Advanced systems. This

means that the spectrum resources in the TV S bands

can be utilized more efficiently.

The resource sharing among the D2D links is

covered next. Based on the radio resource grid parti

tioning method, D2D links can share radio resources in

a very flexible way. With the RBS as the basic radio

resource grid unit in the resource utilization, which

can be much smaller than a normal LTE/LTE-Advanced

carrier, the white spectrum fragment can be utilized

efficiently. On the other hand, the mechanism can work

well in highly competing environments where the avail

able resources changes dynamically since the length of

an RBS is only 1 ms. As shown in Figure 4 , the channel

and radio resource grid partitioning method improves

the flexibility and efficiency of the resource utili¬

zation significantly.



The RBS size configuration is discussed in

the following. The eNB can semi-statically configure

the size of the RBS, and the configuration information

will be broadcast to D2D users. The D2D users sense

the TVWS radio environment, such as e.g. interference

level and utilization ratio, in a periodic or event-

triggered way. The sensing information will be sent to

the eNB. According to the information about new avail

able spectrum bands and the interference level, the

eNB can reconfigure the size of the RBS to satisfy

different communication requirements. Furthermore, the

RBS can be configured with different sizes for differ¬

ent frequency bands if needed. If the interference

level is quite high and the competition is intensive

in a certain S spectrum band, then the RBS size can

be configured smaller to support more D2D links and

higher flexibility. Otherwise, the RBS size can be

enlarged to improve efficiency. The RBS configuration

can help achieving good trade-off between efficiency

and flexibility.

The following table is an example of an RBS

configuration message. It is to be noted that the RBS

size can also be configured or reconfigured on the

whole WS spectrum, and not just for specific bands and

sub-bands .



Table 1 shows an example of an RBS configura

tion/reconfiguration message.

Regarding signalling procedures, Figure 5

shows a process flow, in one embodiment of the inven

tion. The process steps have already been disclosed

above .

Advantages of the first aspect of the present

invention comprise the following issues:

1 . Based on the VCF definition and the RBS con

figuration, the mechanism can help D2D users

to achieve common knowledge of the radio re

sources in the S spectrum.

2 . The D2D communication with the RBS as the ba¬

sic radio resource grid unit makes the spectrum

utilization quite efficient. The usage of the radio

resources is very flexible and efficient. It is also

suitable for the situation, where there is intense

competition for the radio resource (s) .

3 . The RBS is aligned in both frequency and time

domain, and thus, no guard bands between different

D2D communication links are needed, which makes the

spectrum utilization ratio even higher.

. The RBS configuration based on sensing the

information report can achieve good trade-off be¬

tween efficiency and flexibility.

5 . This resource grid partition method is highly

compatible with the LTE/LTE-A systems, which means

that the basic transmission techniques of LTE/LTE-A

do not require any changes, and further, the re-



quirements concerning the D2D terminal hardware are

lowered .

6 . The present invention is also applicable to

other systems based on the OFDM technology and also to

other WS spectrum including e.g. the ISM bands.

Going back to the invention according to the

second aspect, the common control channel and data

channel in the RBS are organized as follows, in one

embodiment of the second aspect. The frame structure

used by the D2D transmission is almost the same as in

the LTE/LTE-Advanced:

• The interval of sub-carriers is 15 kHz.

• Sub-frame length is 1 ms and the symbol length is

the same as the LTE/LTE-Advanced symbol.

· CP length configuration is the same as in the

LTE/LTE-Advanced system.

• The definition of the RB is also the same as in

the LTE/LTE-Advanced system.

After the resource grid partition (referring

to the above) , the TV white spectrum has been divided

into a number of radio resource grids and the minimal

scheduling granularity is the RBS, which contains sev

eral RBs during a time of a sub-frame length. In each

sub-frame, the resource for the common control channel

(D2D CCCH) and the data channel (D2D SCH) are sepa

rated in time domain. The first m symbols (or even

more if necessary) are used for the control purposes,

and the other symbols are used for data transmission

(m is defined by an LTE/LTE-Advanced eNB, which is re-

lated to n } . Further, in frequency domain, each RBS

has its own control channel for resource sharing and

competition .

It is to be noted that although the D2D CCCH

and D2D SCH could also be separated in frequency do-

main, the separation in time domain is rather per¬

formed. Still, either domain or even both domains to¬

gether may be used.

Thus, the RBS is divided into two channels,

D2D CCCH and D2D SCH . D2D CCCH contains several sub-



channels responsible for the resource sharing and com

petition. D2D SCH on the other hand bears data trans¬

mission. The following remarks give further details

about the design of the D2D CCCH.

D2D CCCH can be divided into four sub¬

channels: RTS , CTS, DataCtrl and ACK.

RTS is the transmission requirement message

from the D2D transmitter UE (TxUE) to the D2D receiver

UE (RxUE) , which includes information of TxUE ID and

RxUE ID. To reduce the number of transmitted bits, the

content can be a modulo operation result of these two

data. To avoid coincidence of the same modulo result

between two D2D couples, a random value negotiated

during the link setup, can be also introduced in the

modulo process. Further, the random value can be in¬

creased by 1 in each RTS.

CTS is the response message from the RxUE to

the TxUE, and only if no RTS conflict is detected in

the RxUE and this RBS is appropriate for use. The CTS

message includes TxUE ID and RxUE ID. Similarly as for

the RTS, the CTS will be sent back to the TxUE only on

the RB/RBS, where there is no RTS conflict.

DataCtrl shows the data format and other in

formation. It can either show e.g. a buffer size.

Utilized resource information is not needed any more

since only the resources with successful CTS will be

used. However, such resource information can also be

added if necessary.

ACK is the acknowledgement information

(ACK/NACK; ACK = ok, NACK = not ok) of the data trans¬

mission .

It can be noted that some back-off algorithm

can be introduced to reduce conflicts and improve ef¬

ficiency at this stage. Some other information, such

as channel condition, sensing results and/or power

control for instance, can also be added in the control

channels .

In the second aspect of the invention, the

resource competition and sharing is performed in one



embodiment as follows. An example of the communication

procedure is shown in Figure 7 . It is similar to a

conventional RTS/CTS procedure, but in a synchronous

way .

A D2D UE can initialize the competition on

multiple RBSs, which are either contiguous or non¬

contiguous. The target D2D UE will respond only on the

RBSs, where there is no RTS conflict, and the D2D UE

can initialize the competition in the next turn for

different RBSs.

The steps of the resource competition and the

data transmission in this embodiment are as follows:

1 . The TxUE sends an RTS to the RxUE. The

number of RBSs initiated by the competition depends on

the transmission speed, competition strategy and the

radio environment. For example, to have some margin in

order to avoid any competition failure, the TxUE may

send the RTS on larger number of RBSs than the re

source needed to launch competition.

2 . The RxUE listens to the RTS in multiple

RBSs to monitor the data transmission requirement from

the TxUE. RTS signals may collide at the receiver of

the RxUE, which makes the corresponding RBS not avail¬

able for data transmission in a certain sub-frame. The

RxUE responds to the TxUE with CTS on those RBSs,

which are clear for use.

3 . The TxUE will receive CTSs on all of or

some of the RBSs, where the competitions are success¬

ful. The RxUE will send a NACK, when transmission

failure occurs and the TxUE needs to retransmit the

data. If the transmission is successful, the RxUE will

send the AC response to the TxUE.

. The TxUE will initiate resource competi¬

tion and data transmission in multiple sub-frames un

til all data have been transmitted correctly. The spe¬

cific sub-frames depend on the former contention con

dition (success or failure) and also on adopted back¬

off mechanism.



The timing relationships of the resource con ¬

tention and data transmission in D2D CCCH and D2D SCH

should be noted.

By taking advantage of the frequency and time

synchronization among the D2D UEs, resource contention

and data transmission in D2D communication in White

Spaces spectrum could act in a synchronous way, as

differently from the CSMA/CA of WiFi systems.

Figure 9 shows an example of a synchronous

timing relationship in multiple resource contention

and data transmission procedures. A specific grey

shade means a complete procedure containing RTS, CTS,

DataCtrl, data transmission (in D2D SCH) and ACK/NACK.

The timing relation (time intervals between

RTS/CTS/DataCtrl/DataTransmission/ACK) is predefined

by operators, or configured by an LTE/LTE-A system.

The current method of resource competition

and sharing has the following advantages. Through syn¬

chronous resource competition, the D2D transmission

can utilize the spectrum more efficiently than the

traditional CSMA/CA because no DIFS or SIFS is needed

any longer. Furthermore, the resource competition is

based on RBSs in each sub-frame, and the D2D UE trans

mits data on the RBSs competed successfully. It pro¬

vides high flexibility for the D2D communication. The

spectrum fragments in space, frequency and time do

mains, caused by intensive resource sharing, can be

utilized efficiently.

Spectrum transference in the D2D communica

tion is discussed next. When it is found out that the

current spectrum band is overcrowded, a D2D UE can ad

just the communication band through consultation with

its partner. If the movement in frequency domain is

small, the D2D UE only needs to slide from the present

location of the spectrum just slightly. If the D2D UEs

find out that there is a new blank band, which is bet

ter than the present one, they can change to the new

spectrum location and quit the spectrum they are cur¬

rently using.



The specific procedure regarding this embodi¬

ment of the invention is listed below:

At first, the D2D UEs sense the spectrum ei

ther periodically or as event-triggered in a wide

range. When the D2D UE finds out that the present

spectrum is overcrowded and there are some other

available blank spectrum bands, it can transfer to a

better spectrum location. Both spectrum shifting and

transference are supported.

Secondly, if an adjacent spectrum band is

better for the D2D communication, the D2D UE (either

the TxUE or RxUE) could slide to the interested spec¬

trum band slowly, with no negotiation needed. The slow

sliding in frequency domain can guarantee that there

are always some RBSs used in the current communication

which are the same as the former one. The communica¬

tion can be performed continuously, and thus, there

are no temporary gaps. Thus, the sliding requirement

and acknowledgement messages need to be exchanged to

gether with the data transmission. This procedure is

called here as "Spectrum Shifting" as shown in part A

of Figure 10.

Thirdly, if the interesting spectrum band is

relatively far from the presently used spectrum, a

pair of D2D UEs needs to be changed to the new spec

trum in a way called "Spectrum Transference" as shown

in part B of Figure 10. The negotiation between the

D2D UEs is necessary. Usually, there will be a gap in

data transmissions since the transmission in the old

spectrum needs to stop first and then the new spectrum

can be utilized. The negotiation content usually com

prises the location of the new spectrum and the start

ing time of the new contention and the data transmis¬

sion .

The advantage of the spectrum transference is

that the D2D transmission can adapt to variable spec

trum conditions. It achieves adaptive distributed

spectrum load balancing, which will maximize the effi-



ciency o f spectrum utilization and improve the quality

o f service (QoS) o f the D2D communications.

In the following, the RBS and CCCH adjustment

based on the D2D UE sensing is discussed.

The size o f the RBS and the CCCH is configur¬

able according to the interference level, the avail¬

able spectrum volume and the intensity o f the resource

competition. For example, if there are a few D2D UEs

in the region and the communication between them i s

stable high speed transmission, it is better t o use

larger n {RBS size) and smaller m (CCCH size) . On the

contrary, if there are a lot o f D2D UEs in the region

and they have fierce competition for resources, using

smaller n and larger m is a wise choice. To use spec¬

trum resources more efficiently, an eNB should adjust

the size of the RBS and the CCCH adaptively according

to the level o f competition and interference.

In other words, D2D devices sense spectrum

periodically or temporarily (as event-triggered) , and

they feed the sensing result back to the eNB. The eNB

adjusts the size of the RBS and the CCCH dynamically

according t o the statistical analysis o f the sensing

results .

It is to b e noted that the statistical result

should reflect the quantity o f the blank spectrum and

the level o f competition. W e define an exemplary indi¬

cator a s in the following:

j = ^successful Pt8S c p izion

Vail RBS e i n

, where

^successful RSS competition i the number o f RBSs on which a UE

has competed successfully, and ll RBS rn ? i ? i is the

number o f RBSs on which the UE has launched competi-

tion. The D2D UE should feed the number o f RBSs for

competition and the value η back to the eNB. The eNB



will adjust the sizes of the RBS and the CCCH accord¬

ing to the information of the different UEs .

The sizes of the RBS and the CCCH can thus be

semi-statically configured and they can be comprised

in the broadcast message. D2D UEs need to monitor the

broadcast message of the cell periodically.

It can be noted here that if the D2D UE can

provide the location information, the eNB can employ

even more meticulous methods such as schemes based on

location or based on D2D UE groups.

The presented method according to the second

aspect of the invention has following advantages. At

first, the eNB can adjust the sizes of the RBS and the

CCCH according to the level of competition and inter

ference, which can be used to achieve balance between

competition costs and flexibility. Secondly, if the

D2D UEs can provide location information, the method

will be even more efficient through regulation of the

RBS size based on the region or the D2D UE groups.

A D2D communication flow in TVWS bands is il

lustrated in Figure 12 which shows a process flow ac¬

cording to an embodiment of the present invention. The

steps of the process flow have already been discussed

above in detail .

There are several advantages by employing the

resource sharing and competition method according to

the second aspect of the invention, covered above in

detail. At first, the presented mechanism has good

compatibility with the LTE/LTE-Advanced system for

adopting consistent radio transmission technology in

the D2D transmission. Furthermore, the RBS frame

structure is similar as in the LTE/LTE-Advanced sys¬

tems. Secondly, since resource competition among D2D

UEs is performed synchronously, there is no need to

wait for an idle time for DIFS/SIFS before the trans¬

mission, which is more efficient comparing to the tra¬

ditional CSMA/CA procedure. Thirdly, as the resource

contention is performed on each RBS independently, the

D2D UEs can transmit data on the RBSs, on which the



RTS/CTS competition completes successfully. Thus, this

mechanism is able to adapt to intense competition

situation on the white space spectrum bands. As a fur¬

ther advantage, distributed adaptive load balancing

can be achieved to improve the spectrum utilization

ratio through spectrum transference. Furthermore,

based on the information about competition intensity

and interference level, the BS can adjust the size of

the RBS and the CCCH to compromise between overhead

and flexibility. If D2D UEs can provide location in¬

formation, the size of the RBS can be adjusted more

meticulously in a specific area or for a specific D2D

UE group, which results in a further improvement of

spectrum efficiency. As yet another advantage, the

presented mechanism is applicable to other OFDM-based

systems and also other S spectrum bands comprising

ISM frequency bands. Finally as a summary, a compre

hensive and effective D2D resources contention and

communication procedure in the white spaces has been

disclosed.

The present invention is applicable to all

3GPP releases from release 10 onwards. It can there¬

fore be applied to any currently used and future LTE

releases supporting the mixed use of licensed and

unlicensed frequency bands. The invention is also ap¬

plicable to any other technologies which apply the use

of licensed and unlicensed frequency bands.

A separate or an embedded control unit may

perform the above mentioned method steps where appli¬

cable. In an embodiment, the apparatus comprises a

memory, and at least one processor configured to exe

cute applicable method steps according to the inven

tion. Furthermore, the method steps according to the

invention can be controlled and implemented through at

least one computer program, which can be executed in

at least one processor. In an embodiment, the method

steps, different apparatus (eNBs and UEs) and the com

puter program(s) according to the invention can be im-



plemented by at least one separate or embedded hard¬

ware module for an existing mobile communication sys¬

tem.

The computer program (s) can be stored on at

least one computer readable medium. The medium can be,

for example, a memory circuit, a memory card, a mag

netic or an optic disk. Some functional entities may

be implemented as program modules linked to another

functional entity. The functional entities may also be

stored in separate memories and executed by separate

processors, which communicate, for example, via a mes

sage bus or an internal network within the network

node. An example of such a message bus is the Periph

eral Component Interconnect (PCI) bus.

The exemplary embodiments of the invention

can be included within any suitable device, for exam

ple, including any suitable servers, workstations, PCs,

laptop computers, PDAs, Internet appliances, handheld

devices, cellular telephones, wireless devices, other

devices, and the like, capable of performing the proc¬

esses of the exemplary embodiments, and which can com¬

municate via one or more interface mechanisms, includ

ing, for example, Internet access, telecommunications

in any suitable form (for instance, voice, modem, and

the like) , wireless communications media, one or more

wireless communications networks, cellular communica

tions networks, 3G communications networks, AG commu

nications networks, Public Switched Telephone Network

(PSTNs), Packet Data Networks (PDNs) , the Internet,

intranets, a combination thereof, and the like.

It is to be understood that the exemplary em

bodiments are for exemplary purposes, as many varia

tions of the specific hardware used to implement the

exemplary embodiments are possible, as will be appre¬

ciated by those skilled in the hardware arts. For ex

ample, the functionality of one or more of the compo-



nents of the exemplary embodiments can be implemented

via one or more hardware devices.

The exemplary embodiments can store informa

tion relating to various processes described herein.

This information can be stored in one or more memories,

such as a hard disk, optical disk, magneto-optical

disk, RAM, and the like. One or more databases can

store the information used to implement the exemplary

embodiments of the present invention. The databases

can be organized using data structures (e.g., records,

tables, arrays, fields, graphs, trees, lists, and the

like) included in one or more memories or storage de

vices listed herein. The processes described with re

spect to the exemplary embodiments can include appro

priate data structures for storing data collected

and/or generated by the processes of the devices and

subsystems of the exemplary embodiments in one or more

databases .

All or a portion of the exemplary embodiments

can be implemented by the preparation of application-

specific integrated circuits or by interconnecting an

appropriate network of conventional component circuits,

as will be appreciated by those skilled in the elec¬

trical arts.

As stated above, the components of the exem

plary embodiments can include computer readable medium

or memories according to the teachings of the present

invention and for holding data structures, tables, re

cords, and/or other data described herein. Computer

readable medium can include any suitable medium that

participates in providing instructions to a processor

for execution. Such a medium can take many forms, in

cluding but not limited to, non-volatile media, vola

tile media, transmission media, and the like. Non¬

volatile media can include, for example, optical or

magnetic disks, magneto-optical disks, and the like.

Volatile media can include dynamic memories, and the



like. Transmission media can include coaxial cables,

copper wire, fiber optics, and the like. Transmission

media also can take the form of acoustic, optical,

electromagnetic waves, and the like, such as those

generated during radio frequency (R F communications,

infrared (IR) data communications, and the like. Com

mon forms of computer-readable media can include, for

example, a floppy disk, a flexible disk, hard disk,

magnetic tape, any other suitable magnetic medium, a

CD-ROM, CDR , DVD, any other suitable optical medium,

punch cards, paper tape, optical mark sheets, any

other suitable physical medium with patterns of holes

or other optically recognizable indicia, a RAM, a PROM,

an EPROM, a FLASH- EPROM, any other suitable memory

chip or cartridge, a carrier wave or any other suit¬

able medium from which a computer can read.

While the present inventions have been de

scribed in connection with a number of exemplary em¬

bodiments, and implementations, the present invention

are not so limited, but rather cover various modifica

tions, and equivalent arrangements, which fall within

the purview of prospective claims.

It is obvious to a person skilled in the art

that with the advancement of technology, the basic

idea of the invention may be implemented in various

ways. The invention and its embodiments are thus not

limited to the examples described above; instead they

may vary within the scope of the claims.



WHAT I S CLAIMED I S :

1 . A method for resource sharing between de¬

vice-to-device users, user terminals capable of util¬

izing white space bands, comprising:

obtaining frequency and timing synchroniza

tion with adjacent device-to-device user terminals,

through at least one of downlink and uplink synchroni¬

zation with a base station operating in licensed bands,

and wherein the user terminal receives a primary or

secondary synchronization signal from the base station

in order to achieve frequency and timing synchroniza

tion with other user terminals.

2 . The method according to claim 1 , further

comprising :

setting a virtual central frequency as a ref¬

erence of radio resource grid partitioning for device-

to-device communication;

configuring size of a resource block set by

the base station, comprising plurality of resource

blocks, a resource block set being a partitioning unit

of a two-dimensional radio resource grid regarding

time and frequency; and

partitioning the radio resource grid between

used, free and unusable radio resources of at least

one communication system.

3 . The method according to claim 2 , wherein

the configured size is based on interferences by other

communication systems or external sources, and avail¬

able frequency bands.

4. The method according to at least one of

claims 2-3, further comprising:

dividing each resource block set in an avail

able radio spectrum into a device-to-device common

control channel and a device-to-device data channel.

5 . The method according to claim 4 , further

comprising the steps of:



letting at least two user terminals to com

pete for free radio resources using the common control

channel of at least one resource block set; and

giving to a user terminal a permission to

transmit when a clear-to-send information is correctly

received by that user terminal.

. The method according to at least one of

claims 2-5, further comprising:

sensing usage of the spectrum by the user

terminal when the user terminal is idle;

informing the sensed spectrum usage with

other user terminals in order to enable sharing the

radio resources as distributed locally between differ

ent device-to-device communication links; and

feeding back the sensed information to the

cellular network for reconfiguring the size of re¬

source block sets.

7 . The method according to at least one of

claims 1-6, wherein the available radio spectrum com¬

prises White Space frequency bands such as Television

White Spaces and Industrial, Scientific and Medical

(ISM) frequency bands.

8 . The method according to at least one of

claims 4-7, wherein the control channel of the re

source block set comprises a ready-to-send, a clear-

to-send, data control information and acknowledgement

information sub-channels.

. The method according to claim 8 , further

comprising :

the ready-to-send sub-channel comprises a

transmission requirement message from a transmitting

user terminal to a receiving user terminal, comprising

ID data for both terminals;

the clear-to-send sub-channel comprises a re

sponse message from the receiving user terminal to the

transmitting user terminal on at least one resource

block set, sent if no transmission requirement message



conflict exists in the receiving user terminal and the

corresponding resource block sets are applicable for

use ;

the data control information sub-channel com¬

prises at least one of data format and buffer size;

and

the acknowledgement information sub-channel

comprises information whether the data transmission is

acknowledged (ACK) or not (NA K .

10. The method according to claim 9 , wherein

in a single resource competition, the data is sent be

tween the transmitting user terminal and the receiving

user terminal in the following order: the transmission

requirement message, the response message, the data

control information, the data and the acknowledgement

information.

11. The method according to at least one of

claims 6-10, wherein further in case of a used fre¬

quency band is noticed overcrowded by the sensing,

shifting the used frequency band without negotiating

with other user terminals so that at least one re

source block set overlaps between the shifted and un-

shifted frequency bands.

12. The method according to at least one of

claims 6-10, wherein further in case of a used fre¬

quency band is noticed overcrowded by the sensing and

a free frequency band is non-overlapping with the used

frequency band, transferring the used frequency band

to the free frequency band through a new resource com

petition procedure.

13. A user terminal for resource sharing be

tween device-to-device users, the user terminal capa

ble of utilizing white space bands, comprising:

a processor configured to obtain frequency

and timing synchronization with adjacent device-to-

device user terminals, through at least one of

downlink and uplink synchronization with a base sta-



tion operating in licensed bands, and wherein further

configured to receive a primary or secondary synchro¬

nization signal from the base station in order to

achieve frequency and timing synchronization with

other user terminals.

14. The user terminal according to claim 13,

wherein the processor is further configured to:

set a virtual central frequency as a refer¬

ence of radio resource grid partitioning for device-

to-device communication;

configure size of a resource block set by the

base station, comprising plurality of resource blocks,

a resource block set being a partitioning unit of a

two-dimensional radio resource grid regarding time and

frequency; and

partition the radio resource grid between

used, free and unusable radio resources of at least

one communication system.

15. The user terminal according to claim 14,

wherein the configured size is based on interferences

by other communication systems or external sources,

and available frequency bands.

16. The user terminal according to at least

one of claims 14-15, wherein the processor is further

configured to:

divide each resource block set in an avail

able radio spectrum into a device-to-device common

control channel and a device-to-device data channel.

17. The user terminal according to claim 16,

wherein the processor is further configured to:

let the user terminal to compete with at

least one other user terminal for free radio resources

using the common control channel of at least one re

source block set; and

start the user terminal transmission when a

clear-to-send information is correctly received by the

user terminal.



18. The user terminal according to at least

one of claims 14-17, wherein the processor is further

configured to:

sense usage of the spectrum when the user

terminal is idle;

inform the sensed spectrum usage with other

user terminals in order to enable sharing the radio

resources as distributed locally between different de

vice-to-device communication links; and

feed back the sensed information to the cel

lular network for reconfiguring the size of resource

block sets.

19. The user terminal according to at least

one of claims 13-18, wherein the available radio spec

trum comprises White Space frequency bands such as

Television White Spaces and Industrial, Scientific and

Medical (ISM) frequency bands.

20. The user terminal according to at least

one of claim 16-19, wherein the control channel of the

resource block set comprises a ready-to-send, a clear-

to-send, data control information and acknowledgement

information sub-channels.

21. The user terminal according to claim 20,

wherein the ready-to-send sub-channel comprises a

transmission requirement message from a transmitting

user terminal to a receiving user terminal, comprising

ID data for both terminals;

the clear-to-send sub-channel comprises a re

sponse message from the receiving user terminal to the

transmitting user terminal on at least one resource

block set, sent if no transmission requirement message

conflict exists in the receiving user terminal and the

corresponding resource block sets are applicable for

use;

the data control information sub-channel com

prises at least one of data format and buffer size;

and



the acknowledgement information sub-channel

comprises information whether the data transmission is

acknowledged (ACK) or not (NAK) .

22. The user terminal according to claim 21,

wherein in a single resource competition, the data is

sent between the transmitting user terminal and the

receiving user terminal in the following order: the

transmission requirement message, the response message

the data control information, the data and the ac¬

knowledgement information,

23. The user terminal according to at least

one of claims 18-22, wherein further in case of a used

frequency band is noticed overcrowded by the sensing,

shifting the used frequency band without negotiating

with other user terminals so that at least one re¬

source block set overlaps between the shifted and un-

shifted frequency bands.

24. The user terminal according to at least

one of claims 18-22, wherein further in case of a used

frequency band is noticed overcrowded by the sensing

and a free frequency band is non-overlapping with the

used frequency band, transferring the used frequency

band to the free frequency band through a new resource

competition procedure.

25. A computer program for resource sharing

between device-to-device users, the devices capable of

utilizing white space bands, the computer program com

prising code adapted to perform the following steps,

when executed on a data-processing system, comprising:

obtaining frequency and timing synchroniza

tion with adjacent device-to-device user terminals,

through at least one of downlink and uplink synchroni

zation with a base station operating in licensed bands

and wherein the user terminal receives a primary or

secondary synchronization signal from the base station

in order to achieve frequency and timing synchroniza

tion with other user terminals.



26. The computer program according to claim

25, further adapted to perform the steps of:

setting a virtual central frequency as a ref¬

erence of radio resource grid partitioning for device-

to-device communication;

configuring size of a resource block set by

the base station, comprising plurality of resource

blocks, a resource block set being a partitioning unit

of a two-dimensional radio resource grid regarding

time and frequency; and

partitioning the radio resource grid between

used, free and unusable radio resources of at least

one communication system.

2 . The computer program according to at

least one of claims 25-26, wherein the computer pro

gram is stored on a computer readable medium.
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