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(57) Abstract: A method is presented for transmitting a discovery signal by a communication device to enable its discovery by other
communication devices, said method comprising the steps of: encoding a resource hopping pattern in said discovery signal, said
hopping pattern defining a sequence of resources, and repeatedly transmitting said discovery signal such for each of the repeated
transmissions the resource which is used for the transmission, is chosen in accordance with the sequence of resources defined by the
resource hopping pattern, respectively. Furthermore, a method for receiving a discovery signal transmitted by a neighbour commu-
nication device is presented, wherein a resource hopping pattern of said neighbour communication device in said received discovery
signal is decoded.
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METHOD AND APPARATUS FOR TRANSMITTING A DISCOVERY SIGNAL
BY A COMMUNICATION DEVICE

FIELD OF THE INVENTION

The present technology relates to a method and apparatus for transmitting a
discovery signal by a communication device and more specifically to the resource
allocation problem of device-to-device (D2D) discovery signals and a scheme for

resource hopping.

BACKGROUND OF THE INVENTION

Figure 1 shows a scenario of device-to-device discovery, where devices are capable
to discover other devices of interest in the proximity within or without cellular network
coverage. Such device proximity discovery enables many diverse applications such
as proximity advertising, mobile social networking, car-to-car communication, and
public safety communication. One particular aspect of device-to-device (D2D)
discovery is the resource allocation problem, which is illustrated in Figure 2. The D2D
discovery resource pool is semi-static reserved from the uplink spectrum band of
cellular network e.g., in a periodical manner. For each of D2D discovery resource
pool, it consists of both time and frequency domain resource blocks each of which is
called a discovery resource block (DRB). It is assumed herewith that the device
needs exactly one DRB to transmit the discovery signal. The techniques presented in
this application may however extend to scenarios, where a transmission of the
discovery signal requires more than one resource block. At each resource pool, each
device selects one DRB to broadcast its own discovery signal to its neighboring
devices, whereas it also monitors and decodes discovery signals from other devices

in each of the DRBs within the resource pool.

The technology described herewith focusses specifically on techniques concerning
how each device selects a DRB for transmission of the discovery signal. There are
two types of DRB selection schemes: network-based and device-based. In network-
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based schemes, the network / evolved node B (eNB) decides which device selects
which DRB on behalf of the device, where the network coordination plays a
significant role. A drawback of this scheme is that it may lead to very high network
signaling load as the network needs to unicast the DRB selection for each device.

Also, the scheme may not work for idle devices which are not connected to the eNB.

In one embodiment, the present technology focuses on a device-based scheme,
which is scalable in terms of network signaling and which is also flexible to work in
both, environments with network coverage and environments outside network

coverage.

There are several research challenges in D2D discovery, some of which are
illustrated in Figure 3. The first challenge concerns the occurrence of collisions: if two
or more devices happen to select the same DRB, then a collision of multiple
discovery signals will take place at the receiving devices. For example, in Figure 3,
UE1 and UE2 select the same DRB, which leads to collisions at receiving device
UE3. The second challenge concerns the deafness or the half-duplexing constraint.
Half-duplexing means that the device cannot transmit and receive in the same time
frame. For example, UE5 and UES6 respectively select DRBs at different frequencies
which do however occur in the same time frame. Thus, UES and UE6 cannot receive
the discovery signal from each other, since they also transmit their discovery signal in
the same time frame. Third, the radio channel has frequency selective fading effects,
which may lead to poor discovery performance due to the deep fading in some
DRBs. Figure 3 shows an example of a DRB which is in deep fading. Finally, if all
devices always persist to select the same DRB over multiple discovery resource
pools, then the consistent collision and consistent deafness will occur which leads to
an even worse situation. In this regard, some sort of DRB hopping scheme per
device is necessary and essential to mitigate one or more of the problems described
above. While hopping may not completely solve the described problems it may

alleviate consistent collision deafness, and improve robustness against fading.

For the technology described in this application, it is assumed that time
synchronization is perfect, since the focus of the technology described herewith is on

the aspect of resource selection, not on time synchronization. However, the same
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technology can be extended to the case when devices are not mutually synchronized,
by considering the observed time difference among transmissions of neighbor

devices.

Besides the resource hopping scheme, there are two additional techniques to
improve the D2D discovery performance, namely soft-combing and multiuser
detection (MUD), which are illustrated in Figure 4.

Soft-combing is a technique that combines multiple discovery signals in the log-
likelihood ratios (LLRs) domain; exploit received signals usefully instead of simply
discarding them; can be understood analogous to chase combining for Hybrid
Automatic Repeat reQuest (HARQ) adopted in the LTE Medium Access Control
(MAC) layer or to Master Information Block (MIB) reception in LTE. The principle of
soft-combining can be briefly described as follows: A receiver may receive multiple
subsequent transmissions that cannot individually be decoded successfully due to
low signal quality. Knowing that these transmissions contain identical data (or
different parity information of the same data) from the same transmitter, it may
happen that the receiver can still decode the transmitted data namely by combining
these previously and erroneously received transmissions. The main benefit of soft-
combining is to improve the probability of detecting the discovery signal, e.g.,
wherein improving the probability means that soft-combining enables the scheme to
be more robust against collisions, interferences, and deep fading than a scheme
without soft-combining. The challenge to apply soft-combining in D2D discovery is
that a first UE may not know which resources are used by other second UEs when
they transmit their discovery signals, i.e., the first UE would not be able to achieve

constructive combining as done in HARQ.

Another technique to improve the D2D discovery performance is multiuser detection
(MUD). The multiuser detection is a technique to enable devices to decode more
than one discovery signal at a time. MUD is one of the receiver design technologies
for detecting desired signal(s) from interference and noise. Traditionally, a single-
user receiver design is known to suffer from the so-called near-far problem, where a
nearby or strong signal source may block the signal reception of a faraway or weak

signaled user. MUD can help the receiver to solve this problem. The main benefit of
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MUD is that it can improve the resource utilization and potentially resolve collisions.
The challenge of applying MUD in D2D discovery is to make a receiver aware of and

to distinguish different discovery signals for multiuser detection.

It is an object of the present technology to at least partly solve the above challenges
and enable soft-combining and multiuser detection in the context of D2D discovery.
One aspect of the present technology concerns a novel resource hopping scheme,

as will become apparent later.

In 3GPP standard related to Proximity-based Services (ProSe), there are several
state of the art (SoA) hopping techniques that have been proposed e.g., in the
following written contributions to the standard: R1-135828 (Intel), R1-135224
(Samsung), R1-135372 (ZTE). Basically, two types of hopping schemes have been
proposed: First, a random hopping scheme where each UE picks up one resource
randomly in every resource pool without any resource hopping pattern definition;
second, a definition of a single common hopping pattern for all UEs, where all UEs
follow the same hopping rule. The main drawback of the second scheme is that it can
lead to the consistent collision problem shown in Figure.5: At one discovery resource
pool, two devices may happen to select the same DRB as in the left resource pool;
then, the two devices will follow the same hopping rule, which leads to selecting the
same DRB in the subsequent resource pools resulting in collision again. Thus, in this

scenario, the collision will happen contiguously.

In conclusion, for conventional D2D discovery schemes, all receivers have generally
no knowledge about the hopping pattern and initial state of the fransmitters. Thus,
these conventional schemes are not suitable for applying soft-combining and/or
multiuser detection techniques, both of which would require the tracking of the

selected DRB of each transmitting device.

SUMMARY OF THE INVENTION

According to one embodiment, there is provided a method for transmitting a
discovery signal by a communication device to enable its discovery by other

communication devices, said method comprising the steps of: encoding a resource
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hopping pattern in said discovery signal, said hopping pattern defining a sequence of
resources, and repeatedly transmitting said discovery signal such that for each of the
repeated transmissions the resource, which is used for the transmission, is chosen in

accordance with the sequence of resources defined by the resource hopping pattern.

This method has the effect and advantage that devices that receive the discovery
signal can be aware of the hopping pattern followed by the transmitting device, which
enables the receiving devices to anticipate the sequence of resources on which the

transmitting device will transmit discovery signals in the future.

in one embodiment of the method, said resource is an element allocated in a time,

frequency, and/or power domain from a resource pool.

This has the effect and advantage that the method is applicable to environments,

where discovery signals are transmitted in multicarrier communication systems.

In one embodiment, the method for transmitting further comprises determining a
resource hopping pattern for a transmitting device, wherein determining a resource
hopping pattern means selecting said resource hopping pattern from a predefined set

of patterns

This has the effect and advantage that the hopping pattern may not be represented
explicitly, i.e., by detailing the precise resource sequence of the pattern, in a
transmission but that it can have a compact representation, such as a hopping

pattern ID that identifies the pattern within the predefined set of patterns.

In one embodiment of the method for tfransmitting, the selecting of a resource

hopping pattern from a predefined set of patterns is performed randomly.

This has the effect and advantage that randomness in the selection may cause
neighbour devices to choose different patterns with a high probability and thus
allows, with appropriate choice and design of the individual patterns in the predefined

set, to reduce interference among transmitting neighbour devices. Moreover, an



10

15

20

25

WO 2015/128451 PCT/EP2015/054108

efficient and balanced use of the transmission resources can be achieved, when
individual patterns in the predefined set are designed to instruct devices to equally

use resources available in the resource pool.

In one embodiment of the method for transmitting, the resource hopping pattern is
specified or selected such that the pattern specifies resources according to one or
more of the following: specifying resources that are not used by any of the neighbour
communication devices; specifying resources that are not frequently used by any of
the neighbour communication devices; specifying resources that are least interfered
by neighbouring communication devices that use the same resources; and/or
specifying resource such that collisions with neighbour communication device's
resource selections according to the neighbour communication device’s resource

hopping pattern in the next discovery intervals is minimized.

This has the effect and advantage that individual devices transmitting their discovery
signal can select or specify the hopping pattern on their own, taking into account
information about the resources used by neighbour devices and interference
observed. Using one or more of the outlined strategies alone or in combination could
achieve further that interference among transmitting neighbour devices may be
reduced and that overall efficient and balanced use of all resources from the

resource pool is facilitated.

In one embodiment of the method for transmitting, the resource hopping pattern and
a payload are encoded in the discovery signal and the encoding of the resource
hopping pattern and the payload are different such that the resource hopping pattern
can be decoded separately. The resource hopping pattern can be encoded using a

lower coding rate than that for the payload.

This has the effect and advantage that different encodings permit, for example,
different coding rates for the payload and the hopping pattern, such that, for example,
the hopping pattern may be decoded more reliably than the payload. This would

allow the receiver to first detect the resource hopping pattern of the transmitter,
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thereby allowing the receiver to apply soft-combining on subsequent discovery

intervals to detect the payload.

In one embodiment of the method for transmitting, the communication device

changes the resource hopping pattern periodically, randomly, or event-driven.

This has the effect and advantage that the use of resources from the resource pool
can adapt over time to achieve efficient and balanced use of the available resources
as devices enter or leave a certain neighbourhood where individual devices select
resources from a common resource pool. Moreover, if the selection of resources or
hopping pattern includes randomness, potential collisions could be alleviated after
some period of time when the resource hopping pattern changes periodically,

randomly, or event-driven.

According to one embodiment, there is further provided a method for receiving a
discovery signal transmitted by a neighbour communication device according to the
method of transmitting according to any of the previous embodiments comprising the
step of decoding a resource hopping pattern of said neighbour communication device

in said received discovery signal.

This has the effect and advantage that a receiving device can be aware of the
resource hopping pattern of one or more transmitting neighbour devices thus and
know the resources where said neighbour devices will transmit a discovery signal in
the future. That in turn enables the application of techniques like soft-combining that
the receiving device can employ to improve overall reception performance.
Furthermore, the knowledge about the resource use of neighbour devices enable the
receiving device to select resources in an informed manner to avoid potential

collisions once it intends to transmit a discovery signal itself.

In one embodiment of the method for receiving, a try and error decoding of possible

resource hopping patterns is performed using a brute force approach.
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This has the effect and advantage that a receiver can determine the resource

hopping pattern of a transmitter from among possible resource hopping patterns, e.g.,
from among patterns of a set of predefined patterns, even without explicitly receiving
information about the hopping pattern from the transmitter. Thus the try and error
decoding scheme enables all benefits that generally result from knowledge about the
resource use of neighbour devices, wherein such benefits have been discussed

previously.

In one embodiment, the method for receiving further comprises the step of receiving
a signal wherein the receiving is based on soft-combining of the received discovery

signal over multiple discovery intervals.

This has the effect and advantage that the receiving device may be able to decode
data contained in the discovery signal of a transmitting neighbour device from
multiple receptions by applying soft-combining to these multiple receptions, even if it
may not be capable to successfully decode each received signal individually, due to
low signal quality. This may overall lead to a more reliable reception of signals or

improved energy efficiency.

In one embodiment, the method for receiving further comprises the steps of receiving
a signal wherein the receiving is based on multiuser detection, wherein said multiuser
detection comprises: decoding a first discovery signal transmitted by a first neighbour
communication device from the received signal, cancelling said first discovery signal
from the received signal, and decoding a second discovery signal transmitted by a
second neighbour communication device from the received signal after the

cancelling.

This has the effect and advantage in that the second discovery signal can be
decoded from the received signal, even though the received signal is severely
interfered by the first discovery signal. Thus, the use of multiuser detection facilitates
the detection of the second discovery signal. This may overall lead to a more reliable

reception of signals for which the transmission occurs concurrently, causing
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interference with another discovery signal. This may also lead to more efficient use of
resources, since transmissions by different devices could take place concurrently

using the same resources.

In one embodiment of the method for receiving, the device continues receiving
discovery signals from a neighbour communication device after successfully

decoding the discovery signal transmitted by said neighbour communication device.

This has the effect and advantage that the receiving device will be aware of future
discovery signals transmitted by the neighbour communication device and thus be
able to realize a change of the hopping pattern of the neighbour communication
device which may occur periodically, randomly, or in response to an event. It also
has the effect and advantage that the receiving device will be aware of the updates to

the payload being transmitted by the neighbour communication device.

According to one embodiment, there is further provided an apparatus for transmitting
a discovery signal by a communication device to enable its discovery by other
communication devices, said apparatus comprising: A module for encoding a
resource hopping pattern in said discovery signal, said hopping pattern defining a
sequence of resources, and a module for repeatedly transmitting said discovery
signal such for each of the repeated transmissions the resource which is used for the
transmission, is chosen in accordance with the sequence of resources defined by the

resource hopping pattern, respectively.

The effects and advantages of the apparatus correspond {o those of the method for
transmitting a discovery signal by a communication device and have been described

above.

According to one embodiment, there is further provided a computer program
comprising computer program code which when being executed by a computer
enables said computer to carry out the above described methods for transmitting
and/or receiving a discovery signal to enable its discovery by other communication

devices,
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The effects and advantages of the computer program correspond to those of the
method for transmitting and/or receiving a discovery signal by a communication
device and have been described above.

DESCRIPTION OF THE DRAWINGS

Figure 1 shows a simple schematic device-to-device proximity discovery scenario.
Figure 2 shows a target system configuration of an embodiment of the present
technology where the device-to-device discovery semi-statically reserves a pool of
resources from the uplink spectrum band of cellular network.

Figure 3 illustrates several challenges that occur in device-to-device discovery.
Figure 4 illustrates the techniques of soft-combining and multi user detection.
Figure 5 illustrates an example scenario of consistent collision between two devices.

Figure 6 illustrates a scenario for network supported centralized hopping pattern

allocation.
Figure 7 illustrates a scenario for distributed signaling of devices’ hopping patterns.

Figure 8 illustrates the technique of smart resource selection to minimize collisions

among the transmissions of different devices.

Figure 9 shows a scenario that illustrates the importance of decoding the hopping

pattern in the discovery signal.

Figure 10 shows a flow chart that specifies the steps and sequence of the hopping

pattern selection procedure.

DETAILED DESCRIPTION

In an embodiment of the present technology, a device resource hopping technique is
proposed that enables reducing problems with collisions by enabling a receiving
device to be aware of other transmitting devices’ hopping patterns. Optionally and

additionally this enables the application of soft-combing and multiuser detection

10



10

15

20

25

WO 2015/128451 PCT/EP2015/054108

technique in D2D discovery. To enable the soft-combing and multiuser detection,
enhanced requirements on a hopping technique compared to the techniques known
from the state of the art are required: First, a receiving device should know the
hopping pattern of one or more individual transmitting devices; second, the
transmitting device should select different hopping patterns to avoid collisions, ideally

with as much randomness as possible.

In the following, it is described how a receiving device may be aware of other

transmitting devices’ hopping patterns.

One simple method for assigning or for letting the device select a specific hopping
pattern is via the support of the network but this scheme may be very costly in terms
of network signaling. Such a scheme is shown in Figure.6, where the network defines
the set of hopping patterns and their identification (IDs). The network then broadcasts
the set of available hopping pattern and their IDs to all devices so that all devices
share the same prior knowledge of hopping patterns. After that, the network allocates
the hopping pattern ID to each of the devices and broadcast the entire allocation
(which hopping pattern is allocated to which device) to all devices. The table in
Figure 6 shows such allocation. As already mentioned, one possible drawback of this
scheme is that it may require and generate a significant amount of signaling merely
for allocating the resource hopping patterns.

An alternative and possibly better, i.e., more efficient, way to make a device aware of
other transmitting devices’ hopping patterns is to let UEs discover other devices’
hopping patterns in a distributed way by embedding the hopping pattern of a device
in the discovery signal it transmits. The embedding or encoding/including and steps
related to the embedding/encoding of the hopping pattern are important aspects of
the present technology and are described in detail in the following.

In a first step, each UE individually selects its hopping pattern randomly. Certain
randomness among UEs can be introduced without network signaling overhead, but

may involve a slight increase of overhead in the discovery signal.

1
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In a second step, each transmitting UE encodes or includes/embeds its hopping
pattern in the discovery signal, thereby enabling a receiving UE to obtain the hopping
pattern of the transmitting UE. As a consequence, soft combining and multiuser
detection can be applied at a receiving UE when receiving one or more discovery

signals from one or more transmitting devices.

The term “encoding” thereby is to be interpreted in a broad sense, i.e., such as to
encompass any way of embedding or including information into the discovery signal

which enables identifying or specifying the hopping pattern.

Furthermore the term “discovery signal” also is to be interpreted in a broad sense
such as to refer to any signal which is transmitted by a UE to enable other
communication devices to discover the UE which has transmitted the discovery

signal.

A discovery signal according to embodiments described herein thereby may
comprise a part which encodes the hopping pattern, and furthermore it may — as an
option or regularly - comprise a payload. In some embodiments the discovery signal
may in addition to the encoding of the hopping pattern and the payload may also

comprise one or more further components.

An illustration of this principal scheme can be found in Figure 7, where all the
proximity devices have their hopping pattern 1 to 4 embedded in their discovery
signal such that the receiver can decode the hopping pattern IDs and determine the

future resource selection choices from other proximity devices.

The requirements for embedding the hopping pattern in a discovery signal according
to one embodiment can be summarized as follows: The overhead which is incurred
through the embedding in the discovery signal should be minimized. The same
hopping pattern should be applicable over a certain period of time, .e.g., to facilitate

discovery resource selection that will avoid collisions and enable soft-combining.

There are several possible realizations of the discovery signal: Each UE may embed

modulo operation parameters and its initial state as a hopping pattern in the

12
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discovery signal; alternatively each UE may embed a hopping pattern 1D, where e.g.,
the pattern IDs are prior known at all UEs; alternatively, each UE may embed a
detailed hopping sequence e.g. (1, 1) = (2, 1) = (3, 4) & (7, 9), and additional

information about periodicity, i.e. when the hopping sequence repeats.

In the following, advantages and beneficial technical effects of the present
technology are described. By introducing the device-specific hopping pattern and
providing the knowledge about hopping patterns of the discovery signal
transmissions to the receiver device, there are many benefits of improving the
discovery performance such as soft-combing, multiuser detection, smart resource
selection, and easy-tracking of devices. The soft-combing and multiuser detection

have been shown in Figure 4 and described previously.

Smart resource selection based on the knowledge of device-specific hopping
patterns can minimize the collisions, which is shown in Figure 8. By knowing the
hopping patterns of other proximity devices, a device can predict the future resource
selections by the proximity devices and thus make a smart selection of the under-
utilized resources to minimize the collisions. For example, the device can select the
hopping pattern which is least utilized by its proximity devices so as to minimize the
potential interference at receiver devices. In particular, if there are empty hopping
patterns available, the device can randomly select one out of the empty ones. If there
are no empty patterns, the device can choose the hopping pattern which will
minimize the collisions (which would occur when selecting the same resource as the
neighbors/proximity devices) with neighboring device's resource selections in the

next K discovery intervals.

In the following, the importance of decoding the hopping pattern in the discovery
signal is described, which is also illustrated in Figure 9.

For applying the soft-combing technique, it is crucial to decode first the hopping
pattern part in the discovery signal as a precondition, and then the message payload

part, so as to combine the right signals over multiple discovery intervals. In other

13



10

15

20

25

30

WO 2015/128451 PCT/EP2015/054108

words, the hopping pattern in one embodiment contains essential information which
may, when applying soft-combining, be necessary to even enable the decoding of the
message payload. Furthermore, most of the D2D applications require a “tracking”
capability. By decoding and knowing the hopping patterns of other devices such
“tracking” capability is facilitated.

One possible solution to address the problem of decoding the hopping pattern first
and reliably is, for example, to apply different coding rates to the hopping pattern part
and message payload part. For example, applying a lower rate coding for the
hopping pattern part than that for the payload would enable a receiver to decode the
hopping pattern more easily at a lower SINR. Alternatively, the receiving device may
use a try and error scheme where all the possible predefined hopping patterns are
tried and such that eventually the hopping pattern employed by each transmitter
device is detected. This is a brute-force method, yet it can be an efficient method if

the number of predefined patterns is small.

In the following, the steps and control flow of the method performed by a device for

hopping pattern selection and change are described.
Figure 10 shows the device hopping pattern selection procedure:

Initially, when a device power up and join the D2D discovery service, it selects a
random hopping pattern from a pool of pre-defined set of patterns. The pool of
predefined hopping patterns is assumed to be known a priori to all devices, e.g., by
broadcasting the hopping pattern information from the network to all devices

periodically.

Secondly, the device only reselects the hopping pattern when a predefined timer
expires or in response to an event signaled by the network (even-driven). When the
device reselects its hopping pattern, it follows a certain rule and reselects the
hopping pattern from a pool of a predefined set of patterns, considering the history of
usage from proximity devices. A rule can for instance be to select the least utilized
pattern, or to randomly select one of the X% least utilized patterns.

A pattern consisting of resources that are “not frequently used” can, for example,

include those resources that are least frequently used by any of the neighbour

14



10

15

20

25

WO 2015/128451 PCT/EP2015/054108

communication devices or, for example, specified such that 50% of the resources in
the pattern are least frequently used, and the other 50% of the resources in the

pattern are chosen randomly.

After the device selects the hopping pattern to transmit its discovery signal, it also
detects neighbor devices that are using specific patterns so as to update utilization of
the hopping patterns from neighbors which provides background information for the

hopping pattern re-selection.

The device repeats the hopping pattern selection process if the timer expires or

certain event takes place.

It will be understood by the skilled person that the embodiments described
hereinbefore may be implemented by hardware, by software, or by a combination of
software and hardware. The modules and functions described in connection with
embodiments of the invention may be as a whole or in part implemented by
microprocessors or computers which are suitably programmed such as to act in
accordance with the methods explained in connection with embodiments of the
invention. An apparatus implementing an embodiment of the invention may e.g.
comprise computing device or a mobile phone or any mobile device which is suitably
programmed such that it is able to carry out a transmission of a discovery signal as

described in the embodiments of the invention.

According to an embodiment of the invention there is provided a computer program,
either stored in a data carrier or in some other way embodied by some physical
means such as a recording medium or a transmission link which when being
executed on a computer enables the computer to operate in accordance with the

embodiments of the invention described hereinbefore.
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Claims

1. A method for transmitting a discovery signal by a communication device to
enable its discovery by other communication devices, said method comprising the

steps of:

encoding a resource hopping pattem in said discovery signal, said hopping

pattern defining a sequence of resources, and

repeatedly transmitting said discovery signal such that for each of the
repeated transmissions the resource, which is used for the transmission, is chosen in
accordance with the sequence of resources defined by the resource hopping pattern.

2. The method of claim 1,

wherein said resource is an element allocated in a time, frequency and / or

power domain from a resource pool.

3. The method of one of the preceding claims, further comprising:

determining a resource hopping pattern, wherein determining a resource
hopping pattern means selecting said resource hopping pattern from a predefined set

of patterns.

4. The method of claim 3,

wherein the selecting is performed randomly.

5. The method according to any of the previous claims,

wherein the resource hopping pattern is specified or selected such that the

pattern specifies resources according to one or more of the following:
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specifying resources that are not used by any of the neighbour communication
devices,

specifying resources that are not frequently used by any of the neighbour

communication devices,

specifying resources that are least interfered by neighbouring communication

devices that use the same resources, and/or

specifying resource such that collisions with neighbour communication
device's resource selections according to the neighbour communication device’s

resource hopping pattern in the next discovery intervals is minimized.

6. The method according to one of the preceding claims,

wherein the resource hopping pattern and a payload are encoded in the

discovery signal,

wherein the encoding of the resource hopping pattern and the payload are
different such that the resource hopping pattern can be decoded separately.

7. The method according to one of the preceding claims, wherein the
communication device changes the resource hopping pattern periodically, randomly,

or event-driven.

8. A method for receiving a discovery signal transmitted by a neighbour
communication device according to the method of one of claims 1 to 7, comprising

the step of

decoding a resource hopping pattern of said neighbour communication device

in said received discovery signal.
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9 The method according to one of the preceding claims, wherein a try and error
decoding of possible resource hopping patterns is performed using a brute force

approach.

10.  The method according to one of claims 8 or 9 further comprising the step of

receiving a signal wherein the receiving is based on soft-combining of the

received discovery signal over multiple discovery intervals.

11.  The method according to one of claims 8 to 10 further comprising the steps of

receiving a signal wherein the receiving is based on multiuser detection,

wherein said multiuser detection comprises:

decoding a first discovery signal transmitted by a first neighbour

communication device from the received signal,
cancelling said first discovery signal from the received signal, and

decoding a second discovery signal transmitted by a second neighbour

communication device from the received signal after the cancelling.

12.  The method according to one of claims 8 to 11,

wherein the device continues receiving discovery signals from a neighbour
communication device after successfully decoding the discovery signal transmitted

by said neighbour communication device.

13.  An apparatus for transmitting a discovery signal by a communication device to

enable its discovery by other communication devices, said apparatus comprising:

A module for encoding a resource hopping pattern in said discovery signal,

said hopping pattern defining a sequence of resources, and

18
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a module for repeatedly transmitting said discovery signal such for each of the
repeated transmissions the resource which is used for the transmission, is chosen in
accordance with the sequence of resources defined by the resource hopping pattern,

respectively.

14.  An apparatus for receiving a discovery signal transmitted by a neighbour
communication device according to the method of transmitting according to any of

claims 1 to 7, comprising:

A module for decoding a resource hopping pattern of said neighbour

communication device in said received discovery signal.
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