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based on the eNB's broadcasting conditions
as well as upon additional information, in
some circumstances. Finally, the devices
can then decide whether to establish de-
vice-to-device (D2D) or other secondary
communication connection themselves by
using the secondary component carriers.
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SECONDARY SYSTEM USAGE IN MULTICARRIER NETWORKS

RELATED APPLICATION:
This application claims the benefit of U.S. Application No. 12/643201 entitled
“Secondary System Usage In Multicarrier Networks” filed on December 21, 2009, which

is incorporated herein by reference.

BACKGROUND:
Field:

Secondary system usage in a wireless network may be related to opportunistic
usage of radio resources/spectrum of a primary system or cognitive radio operation. The
primary system could be, for example, conventional cellular communication, such as, for
example, a Long Term Evolution A (LTE-A) network. In other words, a secondary
system or secondary users may utilize spectrum of primary system opportunistically, but
may be constrained by the secondary system not being permitted to degrade performance
or interfere excessively with the primary system.

Description of the Related Art:

LTE-A describes a multicarrier system in which each cell has a primary
component carrier and several secondary component carriers. Fach cell in LTE-A may
automatically select one of the component carriers as its primary carrier when eNB is
powered on. Further, each cell may dynamically select additional component carriers for
transmission/reception as well when the traffic load increases, but taking into account the
caused interference on neighbor cells before activating new component carriers. The
component carrier usage, however, is an open item and may be changed. Thus, this
description is simply one example of an L'TE-A system.

As a result, there can be a dynamic behavior of activations and de-activations of
component carriers by evolved Node-Bs (eNBs) in the LTE-A system. In the LTE-A
system the eNBs may control cells. Thus there may be muted (spatially unused spectrum)
component carriers in cells that could be utilized for the secondary usage of radio
resources, such as for direct device-to-device (D2D) communication or some other local

communication scheme (sensor networks, local mobile-to-mobile (M2M)



10

15

20

25

30

WO 2011/077292 PCT/IB2010/055356

communication, efc.).

SUMMARY:

Certain embodiments of the present invention relate to a method that includes
selecting at least one primary component carrier for a cell of a radio network. The method
also includes selecting at least one secondary component carrier for the cell of the radio
network. Initiating transmission of at least one condition to at least one device is also
included in the method. The at least one condition is configured to permit the at least one
device to determine whether to use at least one of the at least one secondary component
carriers for device-to-device communication with at least one other device.

Additional embodiments of the present invention relate to a method including
receiving at least one condition from a base station of a cell of a radio network, wherein
the at least one condition is relevant to at least one second component carrier for the cell of
the radio network.. The method also includes estimating interference caused by
prospective transmission from a device in a prospective device-to-device communication.
The method further includes deciding whether to engage in the prospective
device-to-device communication based on comparing a result of the estimating to the at
least one condition. Initiating device-to-device communication when a result of the
deciding is that the prospective device-to-device communication can be accomplished
without violating the at least one condition with respect to interference, is also be included
in the method.

Certain embodiments of the present invention are a computer readable-medium
encoded with instructions that, when executed in hardware, perform one of the preceding
methods.

Various embodiments of the present invention relate to an apparatus that includes
at least one memory including computer program code and at least one processor. The at
least one memory and the computer program code are configured to, with the at least one
processor, cause the apparatus at least to select at least one primary component carrier for
a cell of a radio network. The at least one memory and the computer program code are
also configured to, with the at least one processor, cause the apparatus at least to select at

least one secondary component carrier for the cell of the radio network. The at least one
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memory and the computer program code are further configured to, with the at least one
processor, cause the apparatus at least to initiate transmission of at least one condition to at
least one device, wherein the at least one condition is configured to permit the at least one
device to determine whether to use at least one of the at least one secondary component
carriers for device-to-device communication with at least one other device.

Certain embodiments of the present invention relate to an apparatus that includes at
least one memory including computer program code and at least one processor. The at
least one memory and the computer program code are configured to, with the at least one
processor, cause the apparatus at least to receive at least one condition from a base station
of a cell of a radio network. The at least one condition is relevant to at least one second
component carrier for the cell of the radio network. The at least one memory and the
computer program code are also configured to, with the at least one processor, cause the
apparatus at least to estimate interference caused by prospective transmission from a
device in a prospective device-to-device communication. The at least one memory and
the computer program code are further configured to, with the at least one processor,
cause the apparatus at least to decide whether to engage in the prospective
device-to-device communication based on comparing a result of the estimating to the at
least one condition. The at least one memory and the computer program code are
additionally configured to, with the at least one processor, cause the apparatus at least to
initiate device-to-device communication when a result of the deciding is that the
prospective device-to-device communication can be accomplished without violating the
at least one condition with respect to interference.

An apparatus according to another embodiment of the present invention includes
primary selecting means for selecting at least one primary component carrier for a cell of a
radio network. The apparatus also includes secondary selecting means for selecting at
least one secondary component carrier for the cell of the radio network. The apparatus
further include initiating means for initiating transmission of at least one condition to at
least one device. The at least one condition is configured to permit the at least one device
to determine whether to use at least one of the at least one secondary component carriers
for device-to-device communication with at least one other device.

A further embodiment of the present invention is also an apparatus. The apparatus
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includes receiving means for receiving at least one condition from a base station of a cell
of a radio network, wherein the at least one condition is relevant to at least one second
component carrier for the cell of the radio network.  The apparatus also includes
estimating means for estimating interference caused by prospective transmission from a
device in a prospective device-to-device communication. Decision means for deciding
whether to engage in the prospective device-to-device communication based on
comparing a result of the estimating to the at least one condition are also included. The
apparatus additionally includes initiating means for initiating device-to-device
communication when a result of the deciding is that the prospective device-to-device
communication can be accomplished without violating the at least one condition with

respect to interference.

BRIEF DESCRIPTION OF THE DRAWINGS:

For proper understanding of the invention, reference should be made to the
accompanying drawings, wherein:

Figure 1 illustrates a method according to certain embodiments of the present
invention;

Figure 2 illustrates a method according to certain embodiments of the present
invention;

Figure 3 illustrates a system according to certain embodiments of the present
invention; and

Figure 4 illustrates a signaling flow diagram illustrating various embodiments of

the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S):

In LTE-A, secondary system usage or spectrum sensing cognitive radio can
include the idea of a Cognitive Pilot Channel (CPC) that aims to provide a solution to
assist the mobile, reconfigurable, and cognitive terminal in procedures like Radio Access
Technology (RAT) selection in heterogeneous networks with different access networks
available and varying spectrum allocations. The CPC can be a channel that carries the

information corresponding to the operators, RATs, and frequencies allocated in a given
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area, so that cognitive terminals do not require scanning the entire spectrum in order to
find out the available systems.

It can be that eNBs not only know the allocation of component carriers in their own
respective cells, but also know the allocation of component carriers in neighbor cells. The
eNBs may use a radio resource allocation table (RRAT), where the RRAT is a table
expressing which component carriers are allocated by the surrounding eNBs. Hence, the
RRAT is based on information from the surrounding eNBs. Additionally, downlink
reference signal received power (RSRP) measurements performed by user equipment
(UESs) may be available at eNBs.

Thus, an LTE-A eNB (which may be one example of a base station) may be able to
estimate the unused spatial communication area that can be used for the secondary usage
from the RSRP measurements of UEs and knowledge of allocation of component carriers
in own and neighbor cells. The usage on the uplink resources can rely on estimation of
interference impact at the receiver of eNBs and the usage on downlink resources can rely
on estimation of interference impact at the receiver of cellular UEs.

In certain embodiments of the present invention, after the eNB has selected the
primary component carriers and the secondary component carriers, the eNB can broadcast
the information for secondary usage (such as certain conditions) and devices can estimate
the interference caused by themselves based on the eNB’s broadcasting conditions, and
then decide whether to establish device-to-device (D2D) connection themselves by using
the secondary component carriers.

In view of certain embodiments of the present invention, there may be at least three
options for uplink interference estimation, as the UE may be able to estimate its possible
uplink interference caused to the network based on its transmission power and path loss.
Additionally, in view of certain embodiments of the present invention, the UE may have
an option for downlink interference estimation. It should be noted that the conditions for
uplink and downlink might be different, since traffic in the system and the radio
characteristics of the devices and eNBs may be asymmetrical.

Accordingly, in certain embodiments the eNB can generate the conditions that
need to be fulfilled by the devices (or machines) in order to be able to use LTE-A

resources for the secondary system. These devices or machines may be LTE/L'TE-A
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capable. The conditions may be broadcasted or signaled via dedicated signaling (for
example, if the eNB sets up a D2D connection between two devices). There may also or
alternatively be certain means for devices to be able to estimate by themselves whether
they could be able to use some certain radio resources on some certain location for the
secondary usage.

The eNB can be configured at least to indicate that secondary usage is allowed, and
upon which conditions secondary usage is allowed. Conditions could include, for
examples, a list of cells to which the conditions shall be checked or some rules according
to which the UE selects cells to be evaluated.

When an eNB is going to activate a new component carrier, which it earlier
allowed for the secondary usage, it may cancel the secondary usage permission on that
carrier, assuming it was allowed earlier (if it was not allowed early, non such cancellation
may be necessary). Similarly, when an adjacent eNB activates one of the carriers that were
previously unoccupied (and thus might have been in secondary usage) an own eNB (that
is, an eNB for which the adjacent eNB is adjacent) can broadcast and/or utilize dedicated
signaling to inform devices and/or machines within its range about the changed conditions
in neighbor cells. This approach assumes that eNBs exchange their carrier allocation info
or that somehow an eNB is aware of its neighbor eNB’s activities. Alternatively,
secondary devices, while communicating, may be periodically estimating what carriers
are used in the cells they can hear.

When devices become aware of the new conditions due to changes in the carrier
activation, they may evaluate the conditions again in order to check whether they can
continue secondary system usage. Thus, in certain embodiments, the devices can seek a
different component carrier, rather than continuing on a component carrier that is no
longer permitted.

The eNBs may not be aware of the secondary usage of different carriers in their
own respective cells and/or in adjacent cells. Instead, the eNBs may only signal primary
usage. Devices (other than eNBs) may monitor the primary usage of different carriers in
their own cell and adjacent cells or follow the carrier utilization by reading system
information from the cell they are attached. The concept of an own cell for devices may

be selected as the cell with, for example, the strongest signal, since the devices may not be
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controlling a particular cell, like an eNB may.

Two sets of operations will be discussed. The first set of operations involve the
eNB, whereas the second set of operations are operations that can be performed by, for
example, a UE, without direct eNB involvement.

Operations for certain embodiments can include:

1. The eNB allows some component carrier for secondary carrier based, for
example, on estimations performed by the eNB itself.

2. The eNB broadcasts info about allowance for secondary usage on certain carrier
and certain conditions.

3. D2D devices may then evaluate and estimate themselves caused interference to
cellular, and may use different formulas for uplink and downlink estimation and
evaluation.

Among these, the following operations can be done without direct eNB
involvement:

1. Secondary usage devices read info about existing component carriers in the
system where devices (including primary and secondary usage devices) are operating to
get knowledge of the spectrum used by the system.

2. Secondary usage devices try to find primary carriers of cells they can hear.

3. Secondary system devices try to find occupied secondary component carriers in
the cells they can hear.

4. Secondary system devices may now generate the RRAT table using which they
can estimate whether secondary system usage could be established or not.

4.1. Secondary system devices may optionally exchange their own observations
with one another to obtain a consensus among secondary system devices about a RRAT.

5. Ad hoc devices/D2D devices may autonomously try to establish connection if
they both (i.e. both devices in the connection) estimate the their communication would not
interfere primary system more than an allowed interference threshold or both devices
could estimate maximum allowed power to keep interference to primary system below
some commonly agreed threshold. If the allowed power is higher than some reasonable
threshold for secondary devices they could establish secondary communication.

The above examples of operations serve to illustrate to ways in which secondary
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system devices could identify and use radio resources, and in particular examples,
unused component carriers. However, in doing so, it may be valuable to keep certain
technical considerations in mind.

For example, if in a certain cell/eNB there is an occupied/muted component
carrier, that carrier could be utilized for the secondary system as long as the carrier is
not activated in the cell and interference impact onto neighbor cells where the carrier in
question is active is not too high. These criteria may help to prevent the secondary
usage from interfering with the primary usage.

Uplink Examples:

If uplink resources of the cellular system are utilized for the secondary system
usage the devices about to have secondary system communication could do the
following estimation, which is an example:

Received interference power (long term) in the cell i on carrier ¢ can be
calculated as follows if one knows the transmission power of device of secondary usage

P, , long term attenuation (shadowed path loss) ¢, and knowledge of whether carrier ¢
is in use in cell i, RRAT,_, as follows:

I, =P, RRAT, <1, (1)

e Toxic

If P, is fixed, the maximum allowed ;. can be found so that no more
interference is cause than is allowed I, . @, may be calculated when RRAT, =1. If

the eNB decides to allow a certain carrier to be used for secondary usage it can

broadcast the maximum allowed power level for the secondary system usage P, (for
example, maximum allowed power spectral density (psd)) and maximum allowed «,,

(or minimum required path losses) to certain cells.

The eNB may also broadcast a cell list to which conditions have to be checked.
As LTE/L'TE-A capable users follow the broadcast information on primary carrier they
can identify the conditions that need to be fulfilled in order to be able to use certain
carrier as secondary system use. The devices may also, during the secondary system
use, follow the primary carrier broadcast information about changes in conditions and
possible cancellation of secondary usage on certain carrier. In this option the eNB may

broadcast a condition for each cell on each carrier.
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Another option is to estimate the maximum allowed power by solving P from
equation (1). If the maximum allowed P, is greater than some generally agreed

threshold level, the secondary system usage may take place.

Another option is to rely on a device that can itself detect RRAT,_, i.e. can

determine whether there are carriers active or not in own and neighbor cells (cells in the
broadcasted cell list to take into account in condition checking). Then eNBs may be
able to broadcast only info about whether secondary usage is allowed or not on certain

carrier, and P, and I, .
Also it could be possible just to signal 7/ in addition to permission for

secondary usage on a certain carrier. Then devices could then utilize secondary usage as

long as product P, ¢, fulfills (1) to on carrier ¢ to cell i.

Or, another option is to signal interference levels on neighbor cells where carrier

is active and a threshold as to how much more interference, Al __, can be allowed from

the secondary system upon current interference level.

Downlink Examples:

In the case of downlink for the secondary system usage, now the secondary
usage may potentially interfere cellular users of the primary system, that is to say the
interference may occur at the devices’ receivers. The term i may be defined to be an
index of the own cell and j may be defined to be an index of the neighbor cell. Then, a
condition on the carrier ¢ that is allowed for the secondary usage and for the own cell i

and neighbor cell j on which RRAT,, =1 and j has been included in broadcasted cell list

to which condition shall be checked that needs to be fulfilled may be described as
follows:

Le > p @)

.

The purpose of imposing such a condition may be to protect active users in
neighbor cells where the carrier in question is active. The eNB may broadcast the £ in
addition to the maximum allowed transmit power, to permit the devices to perform the
necessary calculation.

The device in the L'TE-A network can in both cases (uplink or downlink), using

9
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RSRP measurements (can be transformed to shadowed path loss), check whether the
device itself could utilize system in secondary system mode or not. The above
calculations are provided examples. Other conditions and other ways of calculating
compliance with the conditions are permitted.

Figure 1 illustrate a method according to certain embodiments of the present
invention. As shown in Figure 1, a method can include selecting 110 at least one primary
component carrier for a cell of a radio network. The method can also include selecting
120 at least one secondary component carrier for the cell of the radio network. The
method can further include initiating transmission 130 of at least one condition to at least
one device. The transmission can be sent in a broadcast message. The at least one
condition can be configured to permit the at least one device to determine whether to use
at least one of the at least one secondary component carriers for device-to-device
communication with at least one other device. In other words, the condition can permit
the device, which may be a user equipment or a mobile telephone, to determine whether to
use one or more of the secondary component carriers for device-to-device communication
with another device. The method may be performed by a base station such as an eNB.

The method can also involve including 132 with the condition for transmission a
radio resource allocation table. The radio resource allocation table does not have to be
created on the network side, however. Instead, in certain embodiments, the radio resource
allocation table may be formed by a device, such as a UE either acting alone or in
cooperation with other such devices. Additionally, the method involve including 134 with
the condition for transmission an indication of maximum allowed transmission power.
Furthermore, the method can involve including 136 with the condition for transmission an
indication of maximum allowed interference. Moreover, the method can involve
including 138 with the condition for transmission an indication of minimum ratio of own
long term attenuation to neighbor long term attenuation.

The method can additionally include reallocating 140 the component carriers. This
reallocating 140 can include changing a previously secondary component carrier to be a
primary component carrier, or releasing a primary component carrier to secondary status.
The method can further include initiating notification 150 of the device, such as a UE, of

the changes to component carrier status.

10
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Figure 2 illustrates a method according to certain embodiments of the present
invention. 'The method can include receiving 210 at least one condition from a base
station, such as an eNB, of a cell of a radio network. The at least one condition may be
relevant to at least one second component carrier for the cell of the radio network. The
method can also include estimating 220 interference caused by prospective transmission
from a device in a prospective device-to-device communication. The method can further
include deciding 230 whether to engage in the prospective device-to-device
communication based on comparing a result of the estimating to the at least one condition.
The method can additionally include initiating device-to-device communication 240
when a result of the deciding is that the prospective device-to-device communication can
be accomplished without violating the at least one condition with respect to interference.
In other words, if a device-to-device communication would not violate any of the
conditions in view of the estimated inference, device-to-device communication be
initiated. The method can be performed by a device such as user equipment, sensor, or
mobile telephone. Other devices are not excluded.

The method can include estimating 222 the interference based on information
received from the base station. The method can also include estimating 224 the
interference based on transmission power of the device. The method can further include
estimating 226 the interferences based on path loss of the device. The various approaches
to estimating (222, 224, and 226) can be performed congruently or separately, as there is
no restriction on how many such bases for estimating are used. Additional ways of
estimating are also permitted. The method can additionally include identifying 250 that at
least one of the at least one conditions has changed, reevaluating 260 whether
device-to-device communication is permitted in view of changes to the at least one of the
at least one conditions, and initiating 270 device-to-device communication on a new
component carrier when a result of the reevaluating indicates that device-to-device
communication is only permitted on a different component carrier than a current
component carrier. The identifying 250 can be based on receiving a report from the base
station, or it can be based on observations by the device of its own radio environment. The
method can also include cooperating with at least one peer device to prepare a radio

resource allocation table.
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The methods described in Figures 1 and 2 may be performed in a variety of was. In
certain embodiments, a computer-readable medium is encoded with a computer program
that is configured to, when executed on hardware, perform the methods. The
computer-readable medium may be any tangible medium, and can be, in certain
embodiments, a non-transitory medium. For example, a computer-readable medium can
be a memory chip, hard drive, or any other suitable storage device. The hardware on
which the program is executed may be any suitable particular device. For example, the
hardware can be the processor of a UE or eNB, in certain embodiments.

Figure 3 illustrates a system according to the present invention. The system of
Figure 3 includes a first apparatus 310 and a second apparatus 320. The first apparatus
310 can be a base station such as an eNB, and the second apparatus 320 can be a device
such as, for example, a UE, sensor, or mobile telephone. The first apparatus 310 and the
second apparatus 320 are operably connected for communication over a wireless radio
link 330 in this example. The first apparatus 310 and the second apparatus 320, each
include at least one memory 340 including computer program code 350. The first
apparatus 310 and the second apparatus 320, also each include at least one processor 360.
The at least one memory 340 and the computer program code 350 can be configured to,
with the at least one processor 360, cause the apparatus to perform various processes. For
example, they can be configured to cause the first apparatus 310 to perform the method
illustrated in Figure 1 and the second apparatus 320 to perform the method illustrated in
Figure 2.

The memory 340 can be any suitable hardware memory, such as Random Access
Memory (RAM). The computer program code 350 can take a variety of forms, from
assembled code, if desired, to code written in an interpreted language. The computer
program code 350 may be drafted based on embodiments such as those illustrated in
Figures 1 and 2. The processor 360 can be, for example, a general purpose computer,
central processing unit (CPU), or application specific integrated circuit (ASIC).

Certain embodiments of the system of Figure 3 can also include a peer device 370,
which may similar to the second apparatus 320, as to its construction and peer device 370
can be a device such as, for example, a UE, sensor, or mobile telephone. The peer device

370 may be able to communicate directly with the second apparatus 320 by a direct radio
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link 380 or by an indirect radio link 390, via the first apparatus 310. The peer device 370
can be configured to perform device-to-device communication with the second apparatus
320.

Figure 4 illustrates a signaling flow diagram illustrating various embodiments of
the present invention. As shown in Figure 4, signaling may be exchanged among a base
station 410, a user device 420, and a peer device 430.

Prior to the start of signaling, the base station 410 may engage in configuration 441
of the carrier components under its control. Thus, for example, the base station can
designate one or more component carriers as primary, and other component carriers as
secondary. The base station 410 then communicates, in this example, information about
the secondary component carriers to the user device 420, including one more condition
442 for device-to-device usage of the secondary resources. The condition 442 may be
signaled on, for example, a CPC.

The user device 420 can receive the communication that includes the condition
442, and can perform an evaluation 443. In this example, the evaluation 443 can take into
account various factors, including information from the base station 410, but also
measurements performed by the user device 420 itself.

If the evaluation 443 reveals that device-to-device communication is permitted on
at least one secondary component carrier, the user device 420 initiates device-to-device
communication 444 with a peer device 430, in this example, without communicating first
with the base station 420. Subsequently, the user device 420 can participate in a D2D
session 445 with the peer device 430.

While the D2D Session 445 is on-going, the base station 410 can decide to
reconfigure 446 the component carriers. One reason that the base station 410 might
reconfigure 446 the component carriers would be if a new telephone call were started by a
device connected to the base station 410.

The base station 410 can send an alert 447 to the user device 420 alerting the user
device 420 that the status of the component carriers has changed. It is possible that this
change will have no effect on the D2D session 445, if (for example) the D2D session 445
is using a component carrier that is not affected by the change.

If the change is determined to affect the D2D session 445, however, the user device

13
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420 can initiate a new D2D session 449 on a different component carrier or carriers. Thus,
the user device 420 and peer device 430 can continue to communicate directly, despite the
change. In certain embodiments there may be more than one peer device 430, and in such
cases the user device 420 may initiate new sessions 449 only with those peer devices that
are affected by the changes identified in the alert 447.

Certain embodiments of the present invention may be able to extend
machine-to-machine communication to address the situation where a device connected to
the LTE cellular network may act as a router for many machines using LLTE radio but not
connected to the network directly. Thus router mobile device (there is no requirement that
the device be mobile) may estimate whether secondary system usage is allowed in a
certain area and use these allowed resources to communicate with machines not
connected directly to the cellular network. Machines may also communicate with each
other and this way an LLTE device (router for machines to connect the internet) could
assign machines some ad hoc resources (secondary usage resources).

Certain embodiments of the present invention may allow secondary system usage
in LTE-A networks. These embodiments may be able to be built using available device
measurements (that is to say, device measurements that the system would perform for
another reason) and inter-eNB communication. The devices being discussed here, may
be, for example, a user equipment (UE).

Certain embodiments of the present invention may be an asset for L'TE chips that
could then be utilized in a wide variety of devices and provide the possibility of ad hoc
type communication using LTE resources, while still having the possibility being
connected to the network via the same radio interface.

One having ordinary skill in the art will readily understand that the invention as
discussed above may be practiced with steps in a different order, and/or with hardware
elements in configurations which are different than those which are disclosed.
Therefore, although the invention has been described based upon these preferred
embodiments, it would be apparent to those of skill in the art that certain modifications,
variations, and alternative constructions would be apparent, while remaining within the
spirit and scope of the invention. For example, although the embodiments have been

discussed with reference to LTE-A, implementation in other systems is also permitted.
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In order to determine the metes and bounds of the invention, therefore, reference should
be made to the appended claims.
WE CLAIM:

1. A method, comprising:

selecting at least one primary component carrier for a cell of a radio network;

selecting at least one secondary component carrier for the cell of the radio network;
and

initiating transmission of at least one condition to at least one device, wherein the
at least one condition is configured to permit the at least one device to determine whether
to use at least one of the at least one secondary component carriers for device-to-device

communication with at least one other device.

2. 'The method of claim 1, further comprising:

including with the condition for transmission a radio resource allocation table.

3. The method of claim 1, further comprising:

including with the condition for transmission an indication of at least one of
maximum allowed transmission power, maximum allowed interference, and minimum

ratio of own long term attenuation to neighbor long term attenuation.

4. The method of claim 1, wherein the initiating transmission of at least one

condition comprises initiating transmission of a broadcast message.

5. The method of claim 1, wherein the method is performed by an evolved Node B.
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6. A method, comprising:

receiving at least one condition from a base station of a cell of a radio network,
wherein the at least one condition is relevant to at least one secondary component carrier
for the cell of the radio network;

estimating interference caused by prospective transmission from a device in a
prospective device-to-device communication;

deciding whether to engage in the prospective device-to-device communication
based on comparing a result of the estimating to the at least one condition; and

initiating device-to-device communication when a result of the deciding is that the
prospective device-to-device communication can be accomplished without violating the

at least one condition .

7. The method of claim 6, further comprising:
estimating the interference based on at least one of information received from the

base station, transmission power of the device, and path loss of the device.

8. The method of claim 6, further comprising:
cooperating with at least one peer device to prepare a radio resource allocation

table.

9. The method of claim 6, wherein the method is performed by a user equipment.

10. The method of claim 6, further comprising:

identifying that at least one of the at least one conditions has changed;

reevaluating whether device-to-device communication is permitted in view of
changes to the at least one of the at least one conditions; and

initiating device-to-device communication on a new component carrier when a
result of the reevaluating indicates that device-to-device communication is only permitted

on a different component carrier than a current component carrier.
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11. An apparatus, comprising:

at least one memory including computer program code; and

at least one processor,

wherein the at least one memory and the computer program code are configured to,
with the at least one processor, cause the apparatus at least to

select at least one primary component carrier for a cell of a radio network;

select at least one secondary component carrier for the cell of the radio network;
and

initiate transmission of at least one condition to at least one device, wherein the at
least one condition is configured to permit the at least one device to determine whether to
use at least one of the at least one secondary component carriers for device-to-device

communication with at least one other device.

12. The apparatus of claim 11, wherein the at least one memory and the computer
program code are also configured to, with the at least one processor, cause the apparatus at

least to include with the condition for transmission a radio resource allocation table.

13. The apparatus of claim 11, wherein the at least one memory and the computer
program code are also configured to, with the at least one processor, cause the apparatus at
least to include with the condition for transmission an indication of at least one of
maximum allowed transmission power, maximum allowed interference, and minimum

ratio of own long term attenuation to neighbor long term attenuation.
14. The apparatus of claim 11, wherein the at least one memory and the computer
program code are also configured to, with the at least one processor, cause the apparatus at

least to initiate the transmission of the at least one condition in a broadcast message.

15. The apparatus of claim 11, wherein the apparatus comprises an evolved Node
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16. An apparatus, comprising:

at least one memory including computer program code; and

at least one processor,

wherein the at least one memory and the computer program code are configured to,
with the at least one processor, cause the apparatus at least to

receive at least one condition from a base station of a cell of a radio network,
wherein the at least one condition is relevant to at least one secondary component carrier
for the cell of the radio network;

estimate interference caused by prospective transmission from a device in a
prospective device-to-device communication;

decide whether to engage in the prospective device-to-device communication
based on comparing a result of the estimating to the at least one condition; and

initiate device-to-device communication when a result of the deciding is that the
prospective device-to-device communication can be accomplished without violating the

at least one condition.

17. The apparatus of claim 16, wherein the at least one memory and the computer
program code are also configured to, with the at least one processor, cause the apparatus at
least to estimate the interference based on at least one of information received from the

base station, transmission power of the device, and path loss of the device.
18. The apparatus of claim 16, wherein the at least one memory and the computer
program code are also configured to, with the at least one processor, cause the apparatus at

least to cooperate with at least one peer device to prepare a radio resource allocation table.

19. The apparatus of claim 16, wherein the apparatus comprises a user equipment.
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20. The apparatus of claim 16, wherein the at least one memory and the computer
program code are also configured to, with the at least one processor, cause the apparatus at
least to

identify that at least one of the at least one conditions has changed;

reevaluate whether device-to-device communication is permitted in view of
changes to the at least one of the at least one conditions; and

initiate device-to-device communication on a new component carrier when a result
of reevaluation indicates that device-to-device communication is only permitted on a

different component carrier than a current component carrier.

21. A computer-readable storage medium encoded with instructions that, when
executed in hardware, perform a process, the process comprising:

receiving at least one condition from a base station of a cell of a radio network,
wherein the at least one condition is relevant to at least one second component carrier for
the cell of the radio network;

estimating interference caused by prospective transmission from a device in a
prospective device-to-device communication;

deciding whether to engage in the prospective device-to-device communication
based on comparing a result of the estimating to the at least one condition; and

initiating device-to-device communication when a result of the deciding is that the
prospective device-to-device communication can be accomplished without violating the

at least one condition with respect to interference.
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