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the first radio resource status report comprises information radio resource us-
age status. In the mobile node is formed radio resource status information. To
the radio resource status information may be added information on usage of
radio resources by the mobile node. A communication establishment request
is received from a first remote node and an available radio resource is de-
termined based on information comprised in the radio resource status inform-
ation report. Thereupon, from the mobile node is establishing a communica -
tion to the first remote node using the available radio resource.
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AN APPARATUS AND A METHOD FOR RADIC RESOURCE

DETERMINATION A MOBILE COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

Field of the invention:

The invention relates to mobile communica-
tions networks, device-to-device communication between
end-user devices, and an apparatus and a method for
radio rescurce determination in a mobile communication

system.

Description of the Related Art:

The field of data communications has been in
turmoil during the recent years. New technologies are
being introduced while old technologies are being dis-
mantled. Particularly, the data rates in wireless mo-
bile communication systems have been increasing in the
recent years rapidly. Long-Term Evolution (LTE) stan-
dardized by the 3G Partnership Project (3GPP) repre-
sents a significant leap forward in wireless mobile
communication systems. One of the main objectives of
the LTE is the providing of downlink data rates of at
least 100 Mbps and uplink date rates of at least 50
Mbps. In order to be able to increase the data rates
it should be possible to deploy new frequency bands
into usage or to use existing freguency band more ef-
fectively wvia the use of more limited transmission
power. One option of increasing the data rates is via
the unloading of traffic from licensed fregquency bands
agreed for LTE. A significant amount of traffic may be
unloaded from the licensed freguency bands i1f the
traffic actually destined to a device that may be ac-
cessed with direct Device-to-Device (D2D) communica-

tions is implemented in the form of unlicensed band
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device-to-device traffic. A significant amount 1li-
censed frequency band may also be made available, if
device-to-device communication is used instead of com-
munication via a base station, since device-to-device
communication may use reduced power, which enables the
reuse of the same frequencies nearer than in the case
of communication via a base station. Device-to-device
communications also enable the introduction of prox-
imity based services and applicaticns. The services
and applications are based on the awareness of twoc de-
vices are close to each other. The awareness of prox-—
imity may generate a demand to exchange data between
the devices. Certain amount of traffic currently
served by licensed bands is further inherently re-
placeable with unlicensed frequency band device-to-~
device traffic based on the proximity of devices
within a single company or a single flat.

The possibility for device-to-device communi-
cation between end-user terminals has been discussed
in LTE standardization. The use of device-to-device
communication provides certain advantages. Firstly, it
allows the saving of uplink and downlink radic re-
sources, for example, Orthogonal Frequency Multiple
Access (OFDMA) or Single-Carrier Frequency Domain Mul-
tiple Access (SC-FDMA) resource blocks to be freed and
thereby increases the overall capacity available for
users that cannot harness device-to-device communica-
tion for their own purposes, for example, 1if they are
downloading files from a distant serxver. Secondly, de-
vice-to-device communication may take place within
frequency bands having & transmission power upper
limit such as TV channels adjacent to an operational
TV channel in TV White Spaces (TVWS). Thirdly, device-
to-device communication may be used to increase the
coverage area of a base station cell to areas where it
would otherwise not reach, for example, to tunnels,

caves and buildings not equipped with kase stations.
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This is achieved by the use of chains of end-user de-
vices that end to a device which 1is actually within
the coverage area of a base station cell. Fourthly,
the use of the use of device-to-device communication
requires less transmission power compared to normal
uplink transmission and that in turn reduces battery
drainage. Fifthly, in some cases device-to-device com-
munication may provide better radio channel quality,
which in turn leads to improved Quality of Service
(QoS) for users.

Device~to-device operation may be designed to
be fully controlled by a base station, for example, a
Long-Term Evolution (LTE) E-UTRAN Node B (eNB). The
device-to-device operation comprises the discovery of
devices, the establishment of links between the de-
vices and the allocation of radioc resources. However,
if there is a large number of devices capable of de-
vice-to-device operation, full control of the opera-
tion by the base station may cause a significant bur-
den for the base station due to the signaling required
for radio rescurce management and device-to-device
cemmunication routing. Moreover, in some cases, a de-
vice capable of device-to-device communication dini-
tially has no desired remote device to connect to and
the device requires information of all potential peers
in its wvicinity. The discovery of other devices re-
guires a specific channel that other devices may tune
to. However, radio resource selectilon and allocation
becomes a problem in device-to-device communication
when a base station or any other radio access network
node such as a radio network controller is not per-
forming a centralized management of radio resources.
Different mobile nodes not communication directly may
use same radio resources sc that their transmissions
disturkb each cther and cause interference. Ancther is-
sue to be considered i1s that a device may communicate

with multiple remote devices and a resocurce selected
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for communicating with a further remote device must
not be simultaneously used by the device and the other
remote devices.

It would be beneficial to be able to coordi-
nate the use of the radio resources directly between

devices performing device-to-device communication.

SUMMARY OF THE INVENTION:

According to an aspect of the invention, the
invention 1is a method, comprising: processing, in a
mobile node, at least one incoming radic resource
status report from at least one remote node, the at
least one incoming radio resource status report com-
prising availability status information regarding at
least one radio resource; forming, in the mobile node,
radio resource status information frem the availabil-
ity status information; updating the radic resource
status information based on usage of radic resources
for active communication in the mobile node; process-
ing, in the mobile ncde, a commnunication establishment
request from a first remote node; determining an
available radio resource based on information com-
prised in the radio resource status information; and
establishing a communication to the first remote node
using the available radio resource.

According to a further aspect of the inven-
tion, the invention 1is an apparatus comprising at
least one processor and at least one memory including
computer program code, the at least one memory and the
computer program code configured to, with the at least
one processcr, cause the apparatus at least to perform:
processing at least one incoming radioc resource status
report from at least one remote node, the at least one
incoming radic resource status report comprising
availability status information regarding at least one
radio resource; forming radio resource status informa-
ticn to the at least one memory from the availability

4
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status information; updating the radioc rescurce status
information in the at least one memory based on usage
of radio resources by the apparatus for active commu-
nicaticn; processing a communication establishment re-
gquest from a first remote node; determining an avail-
able radio resource based on information comprised in
the radio resource status information in the at least
one memory; and establishing a communication to the
first remote node using the available radic resocurce.

According to a further aspect of the inven-
tion, the invention is a mobile node comprising the
apparatus.

According to a further aspect of the inven-
tion, the invention is an apparatus comprising: means
for preocessing, at the apparatus, at least one incom-
ing radio resource status report from at least one re-
mote node, the at least one incoming radio resocurce
status repcrt comprising availability status informa-
tion regarding at least one radio resource; means for
forming radio rescurce status information from the
availability status information; means for updating
the radio resource status information based on usage
of radic resources for active communication by the ap-
paratus; means for processing a communication estab-
lishment reguest from a first remote node; means for
determining an available radio resource based on in-
formation comprised in the radio resource status in-
formation; and means establishing a communication to
the first remcte node using the available radio re-
source.

According to a further aspect of the inven-
tion, the invention is a mcbile node comprising the
apparatus.

According to a further aspect c¢f the inven-
tion, the invention is a computer program comprising
code adapted to cause the following when executed on a

data-processing system: processing, in a mobile ncde,
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at least one incoming radio resource status report
from at least one remote node, the at least one incom-
ing radioc resource status report comprising availabil-
ity status information regarding at least one radio
resource; forming, in the mobile node, radio resource
status information from the availability status infor-
mation; updating the radio resource status information
based on usage of radio resources for active communi-
cation in the mobile node; processing, in the mobile
node, a communication establishment reguest from a
first remote node; determining anrn available radio re-
source based on infermation comprised in the radio re-
source status information; and establishing a communi-
cation tc the first remote node using the available
radioc rescurce.

According to a further aspect of the inven-
tion, the invention is a computer program product com-
prising the computer program.

In one embodiment of the invention, the least
one remote node comprises the first remote nocde. The
first remcte node may send a single incoming radio re-
source status report. The report may be comprised in a
single message together with the communication estab-
lishment request.

In one embodiment of the invention, the radio
resource status reports may be sent on a channel or a
radio resource on which also communication set-up re-
guests from the at least one remote node are received.

In one embecdiment of the invention, the radio
resource status reports may be sent on a channel or a
radio resource for the discovery of the at least one
remote node.

In cone embodiment of the invention, the radio
resource status reports may be sent on a channel or a

radio resource reserved for the radioc resource status

reports.
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In one embodiment of the invention, the
availability status information on the at least one
radio resource is a list indicating the at least one
radic resocurce as available. The radio resource in the
list may be ordered in increasing order based on noise
level or channel guality on the radioc resource.

In one embodiment of the invention, the
availability status information on the at least one
radio resource 1s a list indicating the at least one
radio resource as reserved.

In one embodiment of the invention, the
availability status information on the at least one
radio resource comprises for each radio resource an
indicator indicating whether the radic resource 1is
available or reserved.

In one embodiment of the invention, the
availability status information on the at least one
radio rescurce comprises a first part for radic re-
sources used by the remote node sending the radio re-
source status repert for communication and a second
part for radic resources used by other remote nodes
for communication. In one embodiment of the invention,
the second part may not contain information on radio
resources for which the mobile node has sent a radio
resource status report to the remote node sending the
radic rescurce status report or radio resocurces used
by the mobile ncde for communication with the remote
node sending the radio resource status report.

In one embodiment of the invention, the step
of determining an available radio rescurce based on
information comprised in the radio resource status in-
formation comprises determining from the radio re-
source status information that all radio resources are
allocated, determining from the radio resource status
information a radio rescurce used by the mobile node
to communicate with a second remote node, and allocat-
ing a part of the radio resource used by the mobile
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node tco communicate with the second remote node as the
avallable radic resocurce.

In one embodiment of the inventicn, the radio
resource status information comprises information
whether at least one reserved radic resource is used
by the mobile node for device-to-device communicaticn.

In one embodiment of the invention, the part
of the radio resource is selected using a predefined
pattern defining partitioning of the radio rescurce
between a first device-to-device communication and a
second device-to—-device communicaticn.

In one embodiment of the invention, the
method further comprises receiving a message compris-
ing the at 1least one incoming radio resource status
report and the communication establishment request.

In one embodiment of the invention, the
method further comprises receiving a first message
comprising the at least one incoming radio resource
status report and receiving a second message compris-
ing the communication establishment request.

In one embodiment o©f the invention, the
method further comprises transmitting an outgoing ra-
dio resource status report comprising the radioc re-
gsource status information. Before the transmitting of
the outgoing radio resource status report, from the
radio resource status informaticon may be remcoved in-
formation on radio resources regarding which a radio
resource status report has been received frcm the re-
mote node from to which the radio resource status re-
port is sent. Before the transmitting c¢f the outgoing
radio resource status report, from the radio resource
status information may be removed information on radio
resources indicated as used by the remote node to
which the report is sent.

In one embodiment o©f the invention, the
method further comprises receiving the communication
establishment request from the second remcte node.
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In one embodiment of the invention, the
method further comprises removing from the radioc re-
source status information such radio resources for
which signal level does not exceed a predefined
threshold value in the mobile node.

In one embodiment of the invention, the
method further comprises performing spectrum sensing
in the availlable radio resource before the establish-
ing of the communication to the first remcote node us-
ing the available radioc resource.

In one embodiment of the invention, the in-
formation on the at least one radio resource used by
at least one reporting remote node comprises for each
radico resource an identifier of the radio resource as
at least one of a frequency range identifier and a
time slot identifier.

In one embodiment of the invention, the radio
resources comprised in the radio resource status in-
formation are for device-to-device communication.

In one embodiment of the invention, the mo-
bile node comprises at least one of a handset, a chip-
set, a mobile device and a mobile terminal.

In one embodiment of the invention, the com-
munication to the third remote node uses orthogonal
freguency division multiple access or single carrier
frequency division multiple access.

In one embodiment of the invention, the radio
resource comprises at least one single carrier fre-
quency division multiple access resource element which
may be on adjacent subcarriers or on adjacent symbols.
The resource elements may be seen as elements in a re-
source grid.

In one embodiment of the invention, the radio
resource comprises at least one ortheogonal frequency
division multiple access resource element which may be

on adjacent subcarriers or on adjacent symbcls. The
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resource elements may be seen as elements in a re-
source grid.

In one embodiment of the invention, the radio
resource comprises at least one orthogonal frequency
division multiplexing resource element which may be on
adjacent subcarriers or on adjacent symbols.

In one embodiment of the inventien, the radio
resource comprises at least one freguency range.

In one embodiment of the invention, the radio
resource comprises at least one time interval within
at least one frequency range.

In one embodiment of the invention, the radio
resource may comprise at least one of a channel, a
frequency band, a Ifrequency range, & Subcarrier, a
carrier, a timeslot and a slot.

In one embodiment of the invention, the at
least one radio resource report from the at least one
remcte node comprises at least one identifier for a
radic resource. The identifier for the radio resource
may also have associated with it status indicating
whether the radio resource is availablie or not.

In one embodiment of the invention, the radic
resource status information in the mobile node may
comprise at least cne identifier for a radio rescurce.
The identifier for the radio resource may also have
associated with it status indicating whether the radio
resource is available or not.

In one embodiment of the invention, the radio
resource status information for radio resources used
by the mobile node for active communication may com-
prise at least one identifier for a radio resource.
The identifier for the radic resource may also have
associated with it status indicating whether the radic
resource is available or not.

In one embodiment of the invention, the proc-
essing of the communication establishment reguest from

the first remote node comprises receiving the communi-

10
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cation establishment request at the mcbile node, for
example, by a receiver of the mcbile node.

In one embodiment of the invention, the com-
munication establishment request may Dbe comprised in
same message together with the at least one at least
one radio resource report.

In one embodiment of the invention, the com~
munication establishment request may comprise at least
cne radio resource repcrt among the at least one radio
resource report. In this case the first remote node
may be comprised among the at least one remote node.

In one embodiment of the inventicn, the de-
termining of the available radio resource based on in-
formation comprised in the radio resource status in-
formation comprises retrieving information on all ra-
dio resources usable from a memory of the mobile node
or the apparatus and checking whether among the usable
radio resources is any radio resource not among radio
resources listed as not available by way of being com—
prised 1n the radic resource status information or
menticned as not available 1in the radio resource
status information. By usable radio resources may be
meant radio resources for device-to-device communica-
tion and/or radio resources excluded from use due to
excessive noise level not caused by the mobile node or
the remote nodes sending radio resource availability
status reports.

In one embodiment of the invention, radio re-
source sensing comprises finding a radio signal in the
radio resource due to the fact that it has a noise
level that 1s below a predefined threshcld level for
an allowed noise level. The noise may comprise both
transmissions from other systems and background noise
such as Gaussian noise.

In one embodiment of the inventiocon, the mo-
bile node comprises at least one of a handset, a chip-

set, a mobile device and a mobile terminal.

11
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In one embodiment of the invention, the mo-
bile node comprises a Long-Term Evolution (LTE) User
Equipment.

In one embodiment of the invention, the re-
mote node is a remote mobile node, for example an LTE
User Equipment (UE). The remote node may also be a
desktop, a desk computer or a server.

In one embodiment of the invention, the sym-
bols are OFDMA or Single Carrier Frequency Division
Multiple Access (SC-FDMA) symbols.

In one embodiment of the invention, the mo-
bile node comprises a Long-Term Evolution (LTE) User
Equipment.

In one embodiment o¢f the invention, the at
least one processcr of the apparatus, for example, of
the mobile node may be configured to perform any of
the method steps disclosed hereinabove.

In one embodiment of the invention, the
transmission and reception steps may be performed by
at least one radio fregquency circuit.

In one embodiment of the invention, the de-
vice-to-device communication may be a connection, for
example, a transport layer connection, such as, for
example, a TCP connection or a Stream Control Trans-
mission Protocol (SCTP) connection. The communication
may also be a flow of individual packets, for example,
a flow of UDP packets. The flow of UDP packets may
represent, for example, a media component associated
with a multimedia session. In one embodiment of the
invention, the communication may be set-up or estab-
lished on any protccol layer, for example, it may be
established, for example, also on Point-To-Point Pro-
tocol (PPP) layer or on a logical link layer.

In one embodiment of the invention, the base
station comprises an OFDMA radio network node or an
SC-FDMA radio network node.

12
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In one embodiment of the invention, the at
least one Radio Frequency (RF) circuit in the mobkile
node may also be referred to as at least one circuit.

In one embodiment of the inventicn, the at
least one Radio Frequency (RF) circuit in the base
station node may also be referred to as at least one
clircuit.

In cne embodiment of the invention, the mo-
bile node such as a User Equipment (UE} comprises a
mobile station or generally a mobile terminal. In one
embodiment of the invention a user of & mobile termi-
nal is identified using a subscriber module, for exam-
ple, User Services Identity Module (USIM) or a Sub-
scriber Identity Module (SIM). The combination of Mo-
bile Equipment (ME) and a subscriber module may be re-
ferred to as a mobile subscriber. A mobile subscriber
may be identified using an IMSI. An IP address may be
allocated or assccilated with a mobile subscriber.

In one embodiment of the invention, the appa-
ratus 1is a mobile terminal, for example a, mecbile
handset.

In one embodiment of the invention, the appa-
ratus is a semiconductor circuit, a chip or a chipset.

In one embediment of the invention, the base
station node is configured to be used in a 4G system
such as, for example, LTE Evolved Packet System {EPS).

In one embodiment cf the invention, a radioc
resource, for the transmission or for the device-to-
device transmission may be a particular channel, a
given number of symbols on a given number of subcarri-
ers, a given number of subcarriers within a symbol
time, a number of resource elements, or a number of
resource blocks. The radic resource location in terms
of frequency and time may be indicated by the base
station.

In one embeodiment of the invention, the com-

puter prcgram is stored on a computer readable medium.

13
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The computer readable medium may be, but 1is not lim-
ited to, a removable memory card, a removable memory
module, a magnetic disk, an optical disk, a holo-
graphic memory or a magnetic tape. A removable memory

5 module may be, for example, a USB memory stick, a
PCMCIA card or a smart memcry card.

In one embodiment of the invention, the com-~
puter program product is stcred on a computer readable
medium. The computer readable medium may be, but is

10 not limited to, a removable memory card, a removable
memory module, a magnetic disk, an optical disk, a
holographic memory or a magnetic tape. A removable
memory module may be, for example, a USB memcry stick,
a PCMCIA card or a smart memory card.

15 In one embodiment of the invention, any of
the at least one processor of the apparatus may per-
form any of the method steps hereinbefore, for example,
indicated to be performed by the mobile node.

The embodiments of the invention described

20 hereinbefore may be used in any combination with each
other. Several cf the embodiments may be combined to-
gether to form a further embodiment of the invention.
A method, a base station, an apparatus, a computer
program or a computer program product tc which the in-

25 wvention 1is related may comprise at least one of the
embodiments of the invention described hereinbefore.

It is to be understood that any of the above
embodiments or modifications can be applied singly or
in combination to the respective aspects to which they

30 refer, unless they are explicitly stated as excluding
alternatives.

The benefits of the invention are related to
reduced signaling load at a base station by the virtue
of disseminating radio resource availability informa-

35 tion between devices such as mobile nodes.

14



WO 2013/113161 PCT/CN2012/070839

10

15

20

25

30

BRIEF DESCRIPTION OF THE DRAWINGS:

The accompanying drawings, which are included
to provide a further understanding of the invention
and constitute a part of this specification, dillus-
trate embodiments of the invention and together with
the description help to explain the principles of the
invention. In the drawings:

Fig. 1 illustrates a number of mobile nodes
performing device-to-device communication on a number
of radio resources in one embodiment of the invention;

Fig. 2A illustrates a first part of a device-
to-device communication establishment between two mo-
bile nodes using information received in radio re-
source usage repcrts from other mebile nodes in one
embodiment of the invention;

Fig. 2B illustrates a second part of a de-
vice-to-device communication establishment between two
mobile nodes using information received in radio re-
source usage reports from other mobile nodes in one
embodiment of the invention;

Fig. 3 illustrates a number cf mobile nodes
performing device-to-device communication on a number
cf radio rescurces and reporting available radic re-
sources in radio resource usage reports in one embodi-
ment of the invention:

Fig. 4 is & flow chart illustrating a method
for available radio resource determination in a mobile
node in one embodiment of the invention;

Fig. 5 is a flow chart illustrating a method
for radio resource splitting in one embodiment of the
invention; and

Fig. 6 1illustrates an apparatus in one em-

bodiment of the invention.
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DETAILED DESCRIPTION OF THE EMBODIMENTS:

Reference will now be made 1in detail to the
embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

Figure 1 illustrates a number of mobile nodes
performing device-to-device communication on a number
of radio resources in one embodiment of the invention.

In Figure 1 there is illustrated the time and
frequency dcomains 170 for a frequency band 172 allo-
cated for device-tc-device communication. The fre-
guency band comprises radio rescurces referred to as
51, 82 and S3. In Figure 1 the radio resources are il-
lustrated tc be separate in the frequency domain by
way ©of Frequency Division Multiple Access (FDMA). How-
ever, the use of FDMA is Jjust for illustrative pur-
poses. Time Division Multiple Access (TDMA), Cocde Di-
vision Multiple Access (CDMA), Orthogonal Freguency
Multiple Access (OFCMA) or Single-Carrier Freguency
Domain Multiple Access (SC~FDMA) may be used as well
for the separation of the radio resources. In the case
of OFDMA or SC-FDMA the radic rescource may comprise,
for example, resource blocks or resource elements. The
number of radic resources is Jjust for illustrative
purposes. The radic resources may be paired so that 51,
832 and 33 represent or comprise two transmission di-
rections, one for both communication parties. In addi-
tion to band 172 there may be a separate band for the
other transmission direction, which is not shown for
clarity purposes. This allows full duplex transmission.
For example, in the case of OFDMA or SC-FDMA the Fre-
guency Division Duplex (FDD) mode of operation may be
used. The radic resources may alsc be unpaired and
half-duplex mode of operation may be used. In the case
of OFDMA cor SC-FDMA the Time Division Duplex (TDD) may
also be used.

In Figure 1 there are mobile ncdes 150, 152,
154, 156, 158 and 160. The coverage areas of the
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transmission from mobile nodes 150, 152, 154, 156, 158
and 160 are 150A, 152A, 154A, 156A, 158A and 160A, re-
spectively. The coverage area 160A illustrated in Fig-
ure 1 may represent, for example, the area where the
transmission from mobile node 160 may be received by
another mobile node sc that the level of a transmitted
signal exceeds &a predefined threshold wvalue. The
threshold value may represent a signal-to-ncise ratio
which allows the receiving of data such as remote mo-
bile node discovery messages from mobile node 160 to
be received by other mobile nodes such as mobile node
154. The threshold wvalue may represent a signal-to-
noise ratioc or a power level which may disturb trans-
missicns by other mobile nodes on same radio resource.
In Figure 1 mobile node 160 performs device-
to-device communication with mobile node 154, as il-
lustrated with double headed arrow 100. The device-to-
device communication 100 is performed using radio re-
source S5S1. The device-to-device communication may be,
for example, TDD communication on radio rescurce S1.
Similarly, mobile node 156 and mobile node 158 perform
device-to-device communication over radioc resource 52,
as 1llustrated with double-headed arrow 101. Due to
the fact that mobile node 156 knows that it is commu-
nicating with mobile node 158 using radic rescurce 82,
it sends a radico resource usage report to mobile node
150 as i1llustrated with arrow 103, the radic resource
usage report comprises information on the radio re-
source 52 as beling unavaillable. The radio resource us-
age reports may also be called radio resource status
reports. The radio resource usage reports may comprise
a 1list of radio resocurces and their availabiiity
status. The radic rescurces may be listed in the re-
poerts on several granularity levels, depending on the
size of radio resource allocations. The radio resource
usage reports may alsc associate a bit wvalue indicat-

ing &llocation status with each radic resource. The
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radio resource usage reports may also rank radico re-
sources from best to worse or vice versa based on
noise levels detected in them. In one embodiment of
the invention, a number of best or worse radio re-
sources may be omitted from the radio resource report.
The radio resource usage reports may be sent on a
channel that mobile nodes use for the discovery of re-
mote mobile nodes. The channel may be called a Discov-
ery Channel (DC). The radio resource usage reports may
be sent on a channel reserved for radio resource usage
or radio resource availability status reports. The ra-
dio resource usage reports may be sent on a channel or
a radio resource where also communication set-up re-
quests from remote nodes such as remote mobile nodes
are received. Due to the fact that mobile node 154
knows that it 1is communicating with mcbile node 160
using radio resource S1, it sends a radio rescurce us-
age report to mobile node 152 as illustrated with ar-
row 104, the radio rescurce usage report comprises in-
formation on the radio resource S1 being unavailable.
When mobile node 152 requests an establishment of de-
vice-to-device communication with mcobile ncde 150, mo-
bile node 152 may indicate information on all radio
resources that mobile node 152 knows to be in use. The
knowledge on the use of radio resources is based on
radio resource usage reports already received by mo-
bile node 152 and radio resources used by mobile node
152 in communication with other possible mebile nodes.
In the case of Figure 1 this is radio resource S1. The
request for establishment of device-to-device communi-
cation from mobile node 152 to mobile node 150 may
comprise separately information on radio resources
used by other mobile nodes, that 1s, radio resources,
the information of which has been received in radioc
resource usage reports from other mobile nodes than
mobile node 150, and information on radic rescurces
used by mobile node 154. Based on radio resource usage
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reports received by mobile node 150 and the radio re-
source usage information that may be received in the
request for establishment of device-to-device communi-
caticn from mobile node 152, mobile node 150 deter-
mines that the radio resource $3 in frequency band 172
is available. Mobile node 150 may also perform radio
resource sensing, for example, spectrum sensing in the
sub-band o¢f radio resource S3 to determine that the
radic resource S3 does not have a signal or a noise
exceeding a predefined threshold value. The threshold
value may be set to a value that enables device-to-
device communication between mobile node 150 and mo-
bile node 152 with & sufficient signal level, that is,
sufficient signal-to-noise ratio. The sufficient sig-
nal-to-ncise ratic may depend on the available modula-
tion and coding rate for the device-to-device communi-
cation. The availability status may also change after
the receiving of the radio resource usage report, for
example, if the availability status is received indi-
rectly via an intermediate mobile nede. If radic re-
source S3 is available, mobile node 150 establishes
the device-to-device communication using radio re-
source S53. Due to the fact that radio resocurce 83 is
being used by mobile node 152, it reports the use ra-
dic resource S3 in a radio resource usage report to
mobile node 154, as illustrated with arrow 106. Due to
the fact that mobile node 154 receives the report from
mobile node 152, which itself uses radio rescurce 83,
there is a danger of interference for device-to-device
communications between mobile node 154 and other mo-
bile nodes than mobile node 152. Therefore, mobile
necde 154 reports the radio resource S3 as used in ra-
dio resource usage report illustrated with arrow 107
to mobile node 160. The radic resource usage report
may be sent during or after the device-to-device com-
munication illustrated with arrow 100, provided that

no fresher radic resource reports that indicate radio
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resource S3 as avallable have been received. Mobile
node 160, when receiving radio resource usage report
107, may decide whether it must report radio resource
53 as not available in its radio resource usage re-
ports to further mobile nodes (not shown), based on,
for example, whether it also receives a radic resource
usage repert indicating radio resource S3 as used from
mobile node 152, whether it receives remote node dis-
covery messages from mobile node 152, or whether radio
resource sensing of radio resource S3 reveals a signal
level that may cause pectential interference for possi-
ble device-to-device communications to which mobile
node 160 is a party.

Figure 2A illustrates a first part cof a de-
vice-to-device communication establishment between two
mobile nodes using information received in radio re-
source usage reports from other mobile ncdes in one
embodiment of the invention.

In Figure 2A there 1s illustrated the time
and frequency domains 270 for a frequency band 272 al-
located for device-to-device communication. The fre-
guency band comprises radio resources referred to as
S1 and $2. In Figure 2A the radio resources are illus-
trated to be separate in the frequency domain by way
of Frequency Division Multiple Access (FDMA). However,
the use of FDMA 1is just for illustrative purposes.
Time Division Multiple Access (TDMA), Code Division
Multiple Access (CDMA), Orthogonal Freguency Multiple
Access {OFDMA) or Single-Carrier Frequency [Comain Mul-
tiple Access (SC-FDMA) may be used as well for the
separation of the radio resources.

In Figure 2A there are mobile nodes 250, 252,
254, 256, 258 and 260. The coverage areas of the
transmission from mobile nodes 250, 252, 254, 256, 258
and 260 are 250A, 2527, 254A, 256A, 258A and 260A, re-
spectively. The coverage area 260A illustrated in Fig-
ure 2A may represent, for example, the area where the
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transmission from mobile node 260 may be received by
ancther mobile node so that the level of a transmitted
signal exceeds a predefined threshold value. As illus-
trated with arrow 200, mobile node 258 and mobile node
256 are engaged in device-to-device communication over
radio resource S2. As illustrated with arrow 201, mo-
bile node 256 and mobile node 252 are engaged in de-
vice-to-device communication over radio resource S1.
As illustrated with arrow 202, mobile node 260 and mo-
bile node 254 are engaged in device-to-device communi-
cation cover radio resource S2. Mobile node 254 sends a
radic rescurce usage report, which may also be callied,
a radico resource status report that indicates radio
rescurce 82 as used, as 1illustrated with arrow 203.
Mobile node 256 sends a radic resource usage report
that indicates radio resocurce S2 as used to mokile
node 252, as illustrated with arrow 204. Mobile node
252 sends a radio resource usage report that indicates
radio resources S1 and 82 as used to mobile node 250,
as illustrated with arrow 205. This i1s due tc the fact
that mobile node 252 has received radio resource re-
port 204 from mobile node 256 where radio resource 52
was 1indicated as used and that mcbile node 252 per-
forms device-to-device communication over S$S1 with mo-
bile node 256. The device-to-device communication over
S2 may cause interference at mobile node 252, since it
is within the coverage area of the transmitter of mo-
bile node 256, as determined, for example, from the
reception of radio resource report 204 from mobile
node 256. The device-to-device communication over Sl
may cause interference at both mobile node 250 and mo-
bile node 252, since mobile node 250 1is within the
coverage area of the transmitter of mobile node 252.
Mobile node 25C desires to establish device-
to-device communication with mobile node 252. Mobile
node 250 sends a set-up message to mobile node 252, as
illustrated with arrow 206, the set-up message may
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comprise information on all radio resources that mo-
bile node 250 knows to be in use, that is, radio re-
sources S1 and S2. The knowledge on the use of radio
resources 1s based on radio resource usage reports al-
ready received by mobile node 250. If there were addi-
tionally radio resources presently used by mobile node
250 1in communicating with other mcbile nodes (not
shown) mobile node 250 would also report them. When
receiving the set-up message 206, mobile node 252 de-
termines that there no whole radio resources available
on the largest granularity level, that is, the whole
S1 or the whecle S2. Mobile node 205 may not select ra-
dio resource 382 for the new device-to-device communi-
cation with mobile node 250, since radio rescurce 82
is reported to be used by mobile node 256, the cover-
age area of which spans mobile node 252. The coverage
area may be determined based on, for example, the re-
ceiving of remote mobile node discovery messages on a
Discovery Channel (DC), radio rescurce sensing of ra-
dio resource S2 reported to be used in the mobile node
that received the report, or the receiving of radio
rescurce usage reports that indicate that radioc re-
source S2 is being used by the reporting mobile node.
Mobile ncde 252 decides to allocate a part of radio
resource 51 that it uses in communicaticn with mobile
node 256 for the new device-to-device communication
with mobile node 250. The part is illustrated in Fig-
ure 2B with reference 81/1. The part may be half of
the radio rescurce or any other fraction. The fraction
may depend on a desired bandwidth or QoS parameter
from mobkile node 250 in set-up message 205 and a de-
sired bandwidth or QoS parameter assoclated with <tThe
existing device-to-device communication illustrated
with arrcw 201. The channel or radio resource for com-
municating petween mobile node 252 and mobile node 256
is downgraded in terms of the bandwidth due the allo-

cation. The downgraded channel or radio resource for
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communicating between mobile node 252 and mobile node
256 is illustrated in Figure 2B with reference S1/2. A
channel or radio resource already split may be further
split by a mokile node to establish a further device-
to-device communication. Mobile node 252 may ensure
that a splitting does not cause a fragmentation of ra-
dio resources to a level that would iIncrease the size
of the allocation status information in the radio re-
scurce usage report message to a degree that would
consume tco much bandwidth. There may be a predefined
limit for the splitting in the mobile nodes to guard
against too much fragmentaticn of radio resocurces. The
radio resource status reports may be sent on the Dis-
covery Channel (DC) or on any other channel cor radio
resource. The radio resource status reports may be
sent using a channel or radic resource that alsoc car-
ries communication establishment requests. A radio re-
source status report may be sent together in a single
message with a communication establishment request.

Figure 2B illustrates a second part of a de-
vice-to-device communication establishment between two
mobile nodes using information received in radio re-
source usage repcrts from other mobile nodes in one
embodiment of the invention.

Figure 2B 1is continuation for Figure 2A. In
Figure 2B there is illustrated the time and frequency
domains 270 for a frequency band 272 allocated for de-
vice-to—device communication. The frequency band com-
prises radio resocurces referred to as S1/1, S1/2 and
82. In Figure 2B the radio resources are illustrated
to be separate in the frequency domain by way of Fre-
gquency Division Multiple Access (FDMA). However, the
use of FDMA is fjust for illustrative purposes. Time
Division Multiple Access (TDMA), Code Division Multi-
ple Access (CDMA), Orthcogonal Frequency Multiple Ac-
cess (OFDMA) or Single-Carrier Frequency Domain Multi-
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ple Access (SC-FDMA) may be used as well for the sepa-
ration of the radio rescurces.

As 1llustrated with arrow 201, mobile node
258 and mobile node 256 are engaged in device-to-
device communication over radio resource S1/1. As il-
lustrated with arrow 207, mobile node 252 and mobile
node 250 are engaged in device-to-device communication
over radio resource 81/2.

The embodiments of the invention described
hereinbefore in association with Figures 1, 2A and 2B
may be used in any combination with each other. Sev-
eral of the embodiments may be combined together to
form a further embodiment of the invention.

Figure 3 illustrates a number of mobile ncdes
performing device-to-device communication on a number
of radio resources and reporting available radic re-
sources in radic resource usage reports in cne embodi-
ment of the invention.

In Figure 3 there is illustrated the time and
frequency domains 370 for a frequency band 372 allo-
cated for device-to-device communication. The fre-
quency band comprises radio resources referred to as
S1 and S2. In Figure 3 the radio resources are illus-
trated to be separate in the frequency domain by way
of Frequency Division Multiple Access (FDMA). lowever,
the use of FDMA 1is just for illustrative purposes.
Time Division Multiple Access (TDMA), Code Division
Multiple Access (CDMA), Orthogonal Fregquency Multiple
Access (OFDMA) or Single-Carrier Frequency Domain Mul-
tiple Access (SC-FDMA) may be used as well for the
separation of the radioc resources.

In Figure 3 there are mobile nodes 350, 352,
354, 356, 358 and 360. The coverage areas of the
transmission from mobile nodes 350, 352, 354, 356, 358
and 360 are 350A, 3524, 354A, 356A, 358A and 360A, re-
spectively. The coverage area 360A illustrated in Fig-

ure 3 may represent, for example, the area where the
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transmission from mobile node 360 may be received by
ancther mobile node sc that the level of a transmitted
signal exceeds a predefined threshold value. As illus-
trated with arrow 300, mobile node 358 and mobile node
356 are engaged in device-to-device communication over
radio resource 82. As illustrated with arrow 301, mo-
bile node 356 and mobile node 352 are engaged in de-
vice-to-device communication over radio resource S1.
As illustrated with arrow 302, mobile node 360 and mo-
bile node 354 are engaged in device-to-device communi-
cation over radio resource S2. Mobile node 354 sends a
radio resource usage report, which may also be called,
a radio resource status report that indicates radio
resource 51 as unused, as l1llustrated with arrow 303.
The radic rescurce status report may comprise informa-
tion on all radio resources known not to be used in
mobile node 354. The radio resource status report may
also comprise information on radico rescurces ranked
among a predefined number of radio resources having
the best quality in terms cof at least one of low noise
and determined ongoing transmissions on the radioc re-
source. The gquality may be determined using radic re-
source sensing by mobile node 354, or any other re-
porting mobile node. Mobile ncde 352 sends a radic re-
source usage report that indicates no radio resources
as available to mobille node 350, as i1llustrated with
arrow 304, due to the fact that mobile node 352 per-
forms device-to-device communication with mobile node
356 using radio resource S1 and mobile node knows ra-
dio resource S2Z to be unavailable, for example, from a
radio rescource status report from mobile node 356 or
by radio resource sensing performed by mobile node 352.
Mobile node 350 desires to establish device-tc-device
communication with mobile node 352. Mobile node 35C
sends a set-up message to mobile node 352, as illus-
trated with arrcow 305, the set-up message may comprise

information on all radio resources that mobile node
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350 knows toc be available. In this case the list is
empty. The knowledge on the use of radio rescurces is
based on radio resource usage reports concerning
available radio resources already received by mobile
ncde 350, If there were additionally radio resources
presently known to be available by mobile node 350,
mobile node 350 would also report them. When receiving
the set-up message 305, mobile node 352 determines
that there no whole radio resources available on the
largest granularity level, that is, the whole S1 or
the whole 82, Mcbile node 352 may not select radio re-
scurce S2 for the new device-to-device communication
with mekile node 350, since radic resource S2 is not
reported to be available by any mobile node. Mobile
node 352 decides to allocate a part of radio resource
S1 that it uses in communication with mobile node 356
for the new device-to-device communication with mobile
node 350. The part is i1llustrated in Figure 2B with
reference S$1/1. The part may be half of the radio re-
socurce or any other fraction. The fraction may depend
on a desired bandwidth or QoS parameter from mobile
node 350 in set-up message 305 and a desired bandwidth
or QoS parameter associated with the existing device-
to-device communication illustrated with arrow 301.
The channel or radio resource for communrnicating be-
tween mobile node 352 and mobile node 356 is down-
graded in terms of the bandwidth due the allocation,.

Figure 4 1is a flow chart illustrating a
method for available radio resource determination in &
mobile node in one embodiment of the invention.

At step 400 a mobile node receives an incom-
ing radio resource status report from at least one re-
mote node, the at least one incoming radio resource
status report comprises information on at least one
radio rescurce used by at least one actively communi-

cating remote node.
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In one embodiment of the invention, the ac-
tively communicating remote node may comprise, for ex-
ample, the remote node sending the status report or a
remote node communicating with a remote node sending a
radio resource status report to the remote node that
sent the radio resource status report to the mobile
node.,

In one embcdiment of the invention, the in-
formation may comprise a usage or an allccation status
for each of the at least one radio resource.

At step 402 the meobile node forms a radio re-
source status information from the information on the
at least one radio resource.

At step 404 the mobile node adds to the radic
resource status information radio resource usage in-
formation for radio resources used by the mobile node
for active communication. The mobile node may alsc up-
date the radio resource status information based on
radio resource usage information feor radic resources
used by the mobile ncde for active communication, for
example, if the radio resource status information com-
prises information on available radio resources.

At step 406 the mobile node processes a com-
munication establishment request from a first remote
node. The communication establishment request may be
comprised together in a single message with a radio
resource status report from a remote node.

At step 408 the mobile node determines an
availlable radio resource based on information com-
prised in the radic resource status information.

At step 410 the mobile node may allocate the
available radio resource. The allocation may mean that
the mobile node marks the radio resource as used in a
memory of the mobile node, for example, in the radio
resource status information, or in a temporary data
structure that is used to update, for example, at a
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later instance of the execution of step 404, the radio
resource status information.

At step 412 the mobile node establishes a
communication to the first remote node using the
available radioc resource.

In one embodiment of the invention, the mo-
bile node may form a radio resource usage report com-
prising the radio resource status information and send
it to a remote node known to the mobile node, from
which a radio resource status report has not been re-
ceived with infeormation equivalent to the radio re-
source status information in the mobile node.

In one embodiment of the invention, the mo-
bile node may filter from radio resource status infor-
mation each radic resource for which the signal level
does not exceed a predefined threshold level at the
mobile node receiver and which is not used by the mo-
bile node itself. The signal level may be determined
by the mobile node, for example, by receiver measure-
ment, that is, radio resource sensing or by being able
to decode the first radio resource report at a re-
ceiver of the mobile node at step 402 or by being able
to decode a discovery message from a remote node using
the radio resource at a receiver of the mobile node.

Figure 5 1is a flow chart illustrating a
method for radio resource splitting in a mobile node
in one embodiment of the invention.

At step 500 the mobile node sets up a device-
to-device communication to a second remote node.

At step 502 the mobile node determines that
all radio rescurces are reserved. The determination
may be performed based on radic resource status re-
ports from remote nodes and the radio resources used
by the mobile node, for example, for the device-to-

device communication with the secend remote ncde.
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At step 504 the mobile node determines, that
is, selects a radio resource used to communicate with
the second remote node.

At step 506 the mobile node decides to split
the radic resource used to communicate with the second
remote node to two new radio resources, one for the
first remote node and the other for the second remocte
node.

At step 508 the mobile node allocates a first
new radioc resource for communication with the second
mokbile node.

At step 510 the mobile node allocates the
second new radio rescurce for communication with the
first mobile node. The mobile node determines this as
the available radio resource of step 408 in Figure 4,
The steps 502 - 510 may be part of step 408 of Figure
4.

The embodiments of the invention described
hereinbefore in association with Figures 1, 2a, 2B, 3,
4 and 5 may be used in any combination with each other.
Several of the embodiments may be combined together to
form a further embodiment of the invention.

Figure 6 is a block diagram illustrating an
apparatus in one embodiment of the invention. In Fig-
ure 6 there is an apparatus 600, which is, for example,
a mobile node, user equipment, a handset, a cellular
phone, a mobile terminal, an Application Specific In-
tegrated Circuit (ASIC), a chip or a chipset. Appara-
tus 600 may correspond to a mobile node illustrated in
Figures 1, 2A, 2B, 3, 4 and 5. The internal functions
of apparatus 500 are illustrated with a box 602. Appa-
ratus 600 may comprise at least one antenna 610. There
may be multiple input and output antennas. In associa-
tion with apparatus 600 there is Radio Frequency (RF)
circuit €12. RF circuit 612 may be also any circuit or
may be referred to as circuit 612 or circuitry 612. RF
circuit 612 may also comprise a baseband circuit 612.
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RF circuit 612 1is communicatively connected to at
least one processor 614. Connected to processor 614
there may be a first memory 620, which is, for example
a Random Access Memory (RAM). There may alsoc be a sec-
ond memory 622, which may be a non-volatile memcry,
for example, an optical or magnetic disk. There may
also be a User Interface (UI) 616 and a display 618.
In memory 620 there may be stored software relating to
functicnal entities 632 and 634. A protocol stack en-
tity 632 communicates with RF circuit 612 to perform
device-to-device communication related signaling and
user data transmission and reception. Protocol stack
entity 632 receives radio resource usage reports,
sends radio resource usage reports and sends request
to perform device-to-device communication to remote
nodes. Protocol stack entity 632 also comprises proto-
ccl functionalities related to user plane device-to-
device transmission. Protocol stack entity 632 may
comprise, for example, an internet protocol stack and
a link layer protocol stack for remote device discov-
ery and radio resource usage reporting. Radio resource
manager entity 634 keeps track of radio resources used
by remote nodes and mobile node 600 based on radic re-
source usage reports received wvia protocol stack en-
tity 632. Radio resource manager entity 634 determines
radic resources available and allocates a radio re-
scurce for device-to-device communication to a remote
node. Radio resource manager entity 634 may alsc de-
cide to split part of an already used radio resource
for a new device-to-device communication as explained
in association with Figures 2A and 2B, 3, 4 and 5. RF
circuit 612 may comprise a transmitter for SC-FDMA and
a receiver and a transmitter for OFDMA. RF circuit 612
may alsc comprise a receiver for SC-FDMA, RF circuit
512 may also comprise a transmitter and a receiver
circuit for WLAN transmission or reception. As used in

this application, the term ‘circuitry’ and ‘circuit’
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refers to all of the following: (a)hardware-only cir-
cuit implementations (such as implementations in only
analcg and/or digital circuitry) and {(b) to combina-
tions of circuits and software (and/or firmware), such
as (as applicable): (i) to a combination of proces-
sor(s) . or (ii) to portions of processcr(s)/software
(inciuding digital signal processor(s)), software, and
memory {ies) that work together to cause an apparatus,
such as a mobile phone or server, to perform various
functions) and (c) to circuits, such as a microproces-~
sor(s}) or a portion of a microprocessor(s), that re-
gquire 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, including in any claims. 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 soft-
ware and/or firmware. The term “circuitry” would also
cover, for example and if applicable to the particular
claim element, a bkaseband integrated circuit or appli-
cations processor integrated circuit for a mobile
phone or a similar integrated circuit in server, a
cellular network device, or other network device.

When the at least one processor 614 executes
functional entities associated with the dinvention,
memory 620 comprises entities such as, any of the
functicnal entities 632 and 634. The functional enti-
ties within apparatus 600 illustrated in Figure 6 may
be implemented in a variety of ways. They may be im-
plemented as processes executed under the native oper-
ating system of the network node. The entities may be
implemented as separate processes or threads or so
that a number of different entities are implemented by
means of one process or thread. A process or a thread
may be the instance of a program block comprising a
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number of routines, that is, for example, procedures
and functions. The functional entities may be imple-
mented as separate computer programs or as a single
computer program comprising several routines or func-
5 tions implementing the entities. The program blocks
are stored on at least one computer readable medium
such as, for example, a memory circuit, memory card,
magnetic or optical disk. Some functional entities may
be implemented as program modules linked to another
10 functional entity. The functional entities in Figure 5
may also be stcored in separate memories and executed
by separate preocessors, which communicate, for example,
via a message bus or an internal network within the
network node. An example of such a message bus is the

15 Peripheral Component Interconnect (PCI} bus.

In one embodiment of the invention, the appa-
ratus 600 comprises the at least one processor 614 and
at least one memory, such as memory 620, including
computer program code, the at least one memory and the

20 computer program code are configured to, with the at
least one processor, cause apparatus 600 at least to
perform: processing at least one incoming radio re-
source status report from at least one remcte node,
the at least one incoming radlio resource status report

25 comprising availability status information regarding
at least one radio resource; forming radic resource
status information to the at least one memory from the
availability status information; updating the radio
resource status infermation in the at least one memory

30 Dbased on usage of radio resources by the apparatus for
active communication; processing a communication es-
tablishment request from a first remote node; deter-
mining an available radio resource based on informa-
tion comprised in the radio resource status informa-

35 ticon in the at least one memory; and establishing a
communication to the first remote node using the

available radio resource,
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The exemplary embodiments of the invention
can be included within any suitable device, for exam-
ple, including any suitable servers, workstaticns, PECs
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, 4G 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 art{s). For
example, the functionality of one or more of the com-
ponents of the exemplary embodiments can be imple-
mented via one or more hardware devices, or one or
more scftware entities such as modules.

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, magnete-cptical

disk, RAM, and the like. One or more databases can
store the information regarding cyclic prefixes used
and the delay spreads measured. The databases can be
organized using data structures (e.g., records, tables

arrays, fields, graphs, trees, 1lists, and the like)
included in one or more memories or storage devices
listed herein. The processes described with respect
to the exemplary embodiments can include appropriate
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data structures for storing data collected and/or gen-
erated by the processes of the devices and subsystems
of the exemplary embodiments in one or more databases.

All or & portion of the exemplary embodiments
can be implemented by the preparation of one or more
application-specific integrated circuits or by inter-
connecting an appropriate network of conventional com-
ponent circuits, as will Dbe appreciated by those
skilled in the electrical art(s).

As stated above, the components of the exem-
plary embodiments can include computer readable medium
or memories according to the teachings of the present
inventions and for holding data structures, tables,
records, and/or other data described herein. Computer
readable medium can include any suitable medium that
participates in providing instructions tc 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 alsc can take the form of acoustic, optical,
electromagnetic waves, and the 1like, such as those
generated during radio fregquency (RF) 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, CDRW, DVD, any other suitable optical medium,
punch cards, paper tape, optical mark sheets, any
cther suitable physical medium with patterns of holes
cr other optically recognizable indicia, a RAM, a PROM,
an EPRCM, a FLASH-EPROM, any other suitable memory
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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 inventions
are not so limited, but rather cover various modifica-
tions, and equivalent arrangements, which fall within
the purview cof prospective claims.

The embodiments of the invention described
hereinbefore in association with the figures presented
and the summary of the invention may be used in any
combination with each other. Several of the embodi-
ments may be combined together to form a further em-
bodiment of the invention.

It is obviocus to a perscon 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.
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What is Claimed is:

1. A method, comprising:

processing, in a mobkile node, at least one incom-
ing radio resource status report from at least one re-
mote node, the at least one incoming radio resource
status report comprising availability status informa-
tion regarding at least one radio resource;

forming, in the mobile node, radio resource status
information from the availability status information;

updating the radio resource status information
based on usage of radio resources for active communi-
cation in the mckile node;

processing, in the mobile node, a communication
establishment request from a first remote ncde;

determining an available radio resource based on
infermation comprised in the radio resource status in-
formation; and

establishing & communication to the first remote
node using the available radioc resource.

2. The method according to claim 1, wherein
the availability status information on the at least
one radio resource 1s a list indicating the at least
one radio rescurce as available.

3. The method according to claim 1, wherein
the availability status information on the at least
one radio resource is a list indicating the at least
one radio resource as reserved.

4. The method according to c¢laim 1, wherein
the &availability status information on the at least
one radio resource comprises for each radio resource
an indicator indicating whether the radic resource is
avallable or reserved.

5. The methed according to c¢laim 1, wherein
the availability status information on the at least
one radic resource ccmprises a first part for radio
resources used by the remote node sending the radio

resource status report for communication and a second
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part for radic resources used by other remote nodes
for communication.

6. The method according to claim 1, wherein
the step of determining an available radio resource
based on information comprised in the radioc resource
status information comprises:

determining from the radio resource status infor-
mation that all radio resources are allocated;

determining from the radio resource status infor-
maticn a radic rescurce used by the mobile node to
communicate with a second remote node; and

allccating a part of the radio resource used by
the mobile node to communicate with the second remote
node as the available radio resource.

7. The method according to c¢laim 6, wherein
the radio resource status information comprises infor-
mation whether at least one reserved radio resource is
used by the mobile node for device-to-device communi-
cation.

8. The method according tc claim 6, wherein
the part of the radio resource is selected using a
predefined pattern defining partitioning of the radio
resource between a first device-to-device communica-
tion and a second device-to-device communication.

9. The method according to claim 1, wherein
the method further comprises:

receiving a message comprising the at least one
radio resocurce status report and the communication es-
tablishment request.

10. The method according to claim 1, wherein
the method further comprises:

receiving a first message comprising the at least
one radio resource status report; and

receiving a second message comprising the communi-
cation establishment request.

11. The method according to claim 1, wherein

the method further comprises:
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transmitting an outgoing radioc resocurce status re-
port comprising the radio resource status information.

12. The method according to claim 1, wherein
the method further comprises:

receiving the communication establishment reguest
from the second remote node.

13. The method according to claim 1, wherein
the method further comprises:

removing from the radio resource status informa-
tion such radioc rescurces for which signal level does
not exceed a predefined thresheld value in the mokile
node.

14, The method according to claim 1, the
method further comprising:

performing spectrum sensing in the available radio
resource before the establishing of the communication
to the first remote node using the available radio re-
source.

15. The method according to claim 1, wherein
the information on the at I1Ieast one radio rescurce
used by at least one reporting remote node comprises
for each radic resource an identifler o¢f the radio re-
source as at least one of a frequency range identifier
and a time slot identifier.

16. The method according to claim 1, wherein
the radio resources conmprised in the radio resource
status information are for device-to-device communica-
tion.

17. The method according to claim 1, wherein
the mobile node comprises at least one of a handset, a
chipset, a mobile device and a mobile terminal.

18. The method according to claim 1, wherein
the communication to the first remote node uses or-
thogonal freguency division multiple access or single
carrier frequency division multiple access.

19. An apparatus comprising at least one

processor and at least one memory including computer
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program code, the at least one memory and the computer
program ccde configured to, with the at 1least one
processor, cause the apparatus at least to perform:

processing at least one incoming radic resource
status report from at least one remote node, the at
least one incoming radio resource status report com-
prising availability status information regarding at
least one radio resource;

forming radio resource status information toc the
at least one memory from the availability status in-
formation;

updating the radio resource status information in
the at least one memory based on usage of radio re-
sources by the apparatus for active communication;

processing a communication establishment request
from a first remote node;

determining an available radio resource based on
information comprised in the radio resource status in-
formation in the at least one memory; and

establishing a communication to the first remote
node using the available radio resource.

20. A computer program comprising code

adapted to cause the following when executed on a
data-processing system:

processing, in a mobile node, at least one incom-
ing radio resocurce status report from at least one re-
mote node, the at least one incoming radio resource
status report comprising availability status informa-
tion regarding at least one radio resource;

forming, in the mobile node, radio resource status
information from the availability status information;

updating the radio resource status information
based on usage of radioc resources for active communi-
cation in the mobile node;

processing, in the mobile node, a communication

establishment request from a first remote node;
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determining an available radio resource based on
information comprised in the radic resource status in-
formation; and
establishing a communication to the first remote
5 node using the available radio resource.
21. The computer program according te claim
20, wherein said computer program is stored on a com-

puter readable medium.
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