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METHODS AND APPARATUS FOR WIRELESS

DEVICE SYNCHRONIZATION

TECHNICAL FIELD:

The present invention relates generally to wireless communication. More

particularly, the invention relates to improved systems and techniques for

synchronization between user devices within and outside of wireless network

coverage.

BACKGROUND:

Device to device (D2D) communication between wireless devices has gained

more and more interest. In third generation partnership project (3GPP) networks, D2D

devices are user devices (also referred to as user equipments or UEs) configured to be

able to communicate directly with other devices without sending data through a

network. A typical commercial use case could be a device receiving advertisements

directly from another device. A typical public safety use case for public safety would

be direct group- or unicast communication between firefighters. Some D2D UEs

may communicate with a network base station, while other D2D UEs may

communicate directly with other D2D devices. In some cases, some D2D UEs will

be positioned outside the coverage range of a network base station, and these UEs

may synchronize to D2D UEs that are within the coverage range of the network, as

such D2D UEs can use a network base station as a synchronization reference.

SUMMARY:

In one embodiment of the invention, an apparatus comprises at least one

processor and memory storing computer program code. The memory storing the

computer program code is configured to, with at least one processor, cause the

apparatus to at least determine whether or not a first user device associated with the

apparatus is within coverage of a network; and, if the first user device is within



coverage of the network, determine if an out-of-coverage synchronization signal from

an out-of-coverage user device is detected. In response to detection of an

out-of-coverage synchronization signal from an out-of-coverage user device, the first

user device is caused to transmit an in-coverage synchronization signal.

In another embodiment of the invention, an apparatus comprises at least one

processor and memory storing computer program code. The memory storing the

computer program code is configured to, with at least one processor, cause the

apparatus to at least cause a base station to configure in-coverage and out-of-coverage

synchronization signals and cause the base station to configure one or more user

devices such that a user device outside of network coverage transmits an

out-of-coverage synchronization signal and a user device inside of network coverage

transmits an in-coverage synchronization only upon receiving a signal indicating that

an out-of-coverage user device is within range.

In another embodiment of the invention, a method comprises determining

whether or not a first user device associated with the apparatus is within coverage of a

network and, if the first user device is within coverage of the network, determining if

an out-of-coverage synchronization signal from an out-of-coverage user device is

detected. In response to detection of an out-of-coverage synchronization signal from

an out-of-coverage user device, the first user device is caused to transmit an

in-coverage synchronization signal.

In another embodiment of the invention, a method comprises causing a base

station to configure in-coverage and out-of-coverage synchronization signals and

causing the base station to configure one or more user devices such that a user device

outside of network coverage transmits an out-of-coverage synchronization signal and

a user device inside of network coverage transmits an in-coverage synchronization



only upon receiving a signal indicating that an out-of-coverage user device is within

range.

In another embodiment of the invention, a computer readable medium stores a

program of instructions, execution of which by a processor configures an apparatus to

at least determine whether or not a first user device associated with the apparatus is

within coverage of a network; and, if the first user device is within coverage of a

network, determine if an out-of-coverage synchronization signal from an

out-of-coverage user device is detected. In response to detection of an

out-of-coverage synchronization signal from an out-of-coverage user device, the first

user device is caused to transmit an in-coverage synchronization signal.

In another embodiment of the invention, a computer readable medium stores a

program of instructions, execution of which by a processor configures an apparatus to

at least cause a base station to configure in-coverage and out-of-coverage

synchronization signals and cause the base station to configure one or more user

devices such that a user device outside of network coverage transmits an

out-of-coverage synchronization signal and a user device inside of network coverage

transmits an in-coverage synchronization only upon receiving a signal indicating that

an out-of-coverage user device is within range.

In another embodiment of the invention, an apparatus comprises means for

determining whether or not a first user device associated with the apparatus is within

coverage of a network and means for, if the first user device is within coverage of the

network, determining if an out-of-coverage synchronization signal from an

out-of-coverage user device is detected. In response to detection of an

out-of-coverage synchronization signal from an out-of-coverage user device, the first

user device is caused to transmit an in-coverage synchronization signal.



In another embodiment of the invention, an apparatus means for comprises

causing a base station to configure in-coverage and out-of-coverage synchronization

signals and means for causing the base station to configure one or more user devices

such that a user device outside of network coverage transmits an out-of-coverage

synchronization signal and a user device inside of network coverage transmits an

in-coverage synchronization only upon receiving a signal indicating that an

out-of-coverage user device is within range.

BRIEF DESCRIPTION OF THE DRAWINGS:

Fig. 1 illustrates a network employing an embodiment of the present

invention;

Figs. 2 and 3 illustrate processes of synchronization according to embodiments

of the present invention; and

Fig. 4 illustrates elements that may be used in carrying out embodiments of

the present invention.

DETAILED DESCRIPTION:

Embodiments of the present invention recognize that D2D UEs that are within

network coverage are able to receive synchronization information from a base station.

In some cases, however, one D2D UE may lie outside the coverage are of the network,

and may depend in its synchronization information on a device within the networks 's

coverage area, in order to be able to get the same synchronization as D2D UEs within

network coverage. Such a synchronization providing device may be a D2D UE at a

coverage edge of the network, within D2D communication range of the D2D UE

lying outside the coverage area. A coverage-edge UE may transmit a

synchronization signal that can be used by the out of coverage UE. However, for a

coverage-edge UE to invariably transmit a synchronization signal can lead to



unnecessary use of radio resources and unnecessary power consumption, because

there may not be nearby D2D UEs which have no network coverage and which would

therefore utilize the synchronization signal. A synchronization signal in such cases,

therefore, would be superfluous but would nevertheless consume power of the

transmitting UE and radio resources of the network as a whole. In addition, an

out-of coverage D2D UE may move back to network coverage or be taken out of

service, so that an in-network UE that can stop transmission of a synchronization

signal will conserve power and radio resources.

In one or more embodiments of the invention, therefore, in-network and out-of

network synchronization signal types are defined: a SYNC1 signal indicating

synchronization with a network, transmitted by UEs in-network coverage, and a

SYNC2 signal indicating a synchronization reference completely unrelated the

network or related to network through a SYNC1 signal, transmitted by out-of-network

coverage UEs. These signal types may comprise two different sequences or sets of

sequences for example, or may differentiate in other ways for example different

resources or different transmission periodicity.

Fig. 1 illustrates a system 100 of a network and UEs according to an

embodiment of the present invention. The network comprises a base station

implemented as an eNodeB (eNB) 102, whose coverage area defines a cell 104. The

network supports UEs 106A and 106B, both of which are within network coverage;

UEs 108A and 108B are near the cell edge, the UE 108A being within network

coverage and the UE 108B being outside of the network coverage. In the presently

illustrated example, both of the UEs 106A and 106B are within coverage of the eNB

102, but of the UEs 108A and 108B, only the UE 108A is within coverage of the eNB

102. Embodiments of the present invention provide mechanisms to allow the UE



108A (for example) to provide a synchronization signal to the UE 108B (for example),

while managing signaling in such a way that UEs such as the UE 106A and 106B do

not, when such synchronization is not needed perform signaling in an effort to provide

or offer synchronization to out of coverage UEs.

One or more embodiments of the invention, therefore, define different kinds of

synchronization signals usable for synchronization in D2D partial coverage and out of

network coverage scenarios. A SYNCl signal (transmitted by a UE within network

coverage) is defined as indicating synchronization with direct reference to the

network and a SYNC2 signal is defined as indicating a synchronization reference only

indirectly related to the network through a SYNCl signal or not related to the network

at all. The SYNCl and SYNC2 signals may comprise different sets of sequences.

In a case involving the UE 108B (as an example of an out-of-coverage UE),

the UE 108B searches for SYNC signals. If a SYNCl signal is detected, it

synchronizes with the SYNCl signal and begins to send a SYNC2 signal with a

predefined timing offset relative to the timing of the detected SYNCl signal. One

purpose of transmitting SYNC2 signal is to let the SYNCl transmitting UE to know

that there is an out-of network-coverage UE that depends on it for synchronization. In

some embodiments of the invention, another purpose of transmitting SYNC2 signal is

to relay the synchronization to another out-of-network-coverage UE that cannot hear

any SYNCl signal. If only a SYNC2 signal is detected, the UE 108B will

synchronize with the SYNC2 signal. In some embodiments it may also begin to send

a SYNC2 signal with the same timing as that of the detected SYNC2 signal.

Synchronizing with SYNC2 signal is beneficial because in this way an

out-of-network-coverage UE may become synchronized with a network although it

does directly hear a SYNCl signal. Synchronizing with a SYNC2 signal is also



beneficial for forming synchronized out-of-network-coverage UE groups when none

of the UEs in the group can hear the SYNC1 signal. By synchronizing with SYNC2

signals such a group may operate in a coordinated manner even without network

coverage. If no SYNC1 or SYNC2 signal is detected, the UE 108B will send a

SYNC2 signal autonomously, with its own timing relations.

In the case of an in-coverage UE, such as the UEs 106A and 106B, and 108A,

a UE satisfying specified criteria or conditions will perform monitoring to determine

whether any SYNC2 signals are detected. Such criteria or conditions may involve, for

example, uplink (UL) SN or other UL signal quality measurements, downlink (DL)

SNR, DL reference signal receive power/reference signal receive quality

(RSRP/RSRQ), timing advance, and other appropriate criteria that are related to the

probability that a UE would need to provide synchronization reference to a UE

without network coverage. In other words, meeting the criteria and conditions

predict that the UE is close to the cell edge. If a SYNC2 signal is detected (as may

occur, for example, if a out-of-network-coverage D2D UE not synchronized to the

network is in its proximity), and only then, the in-network-coverage UE will begin to

send a SYNC1 signal to aid an out-of-network-coverage UE in obtaining

synchronization to the network timing.

A UE that has started to send a SYNC1 signal will continue to monitor

whether a SYNC2 signal can be detected. If no such signal can be detected, the UE

will cease transmission of the SYNC1 signal. Such procedures insure that SYNC1

signals will be sent only when they are possibly needed for synchronization of

out-of-network-coverage UEs.

One implementation example may be that SYNC1 signals and SYNC2 signals

can be selected from different sets of sequences. A SYNC2 signal may be chosen



from a different set of sequences than those used by SYNCl signals. The sequences

used by SYNCl and SYNC2 may be known to UEs both in and out of network

coverage in a specified way.

In one simple implementation, only two sequences are specified, one for

SYNCl and another one for SYNC2 and these are used in all cells by all UEs. In

another implementation, multiple SYNC1-SYNC2 sequence pairs and one SYNC2

signal without a matching SYNCl pair are specified. The pairs could be allocated

cell or UE specific manner, and the SYNC2 without a matching pair would be

reserved to be used by UEs that do not have even indirect reference to the network

synchronization. UE specific use of SYNCl signals would eliminate some situations

where two UEs ends up transmitting the common SYNCl although only one of the

UEs would be actually needed for synchronizing an out-of-network-coverage UE. The

procedure described above and in greater detail in connection with Figure 3, when

applied with a single SYNC1-SYNC2 sequence pair shared by UEs, allows for such

the case in which, due to UE mobility, the out-of-network coverage UE is unable to

distinguish or indicate which SYNCl transmitting UE it is synchronizing to. With

the different paired SYNC1-SYNC2 assigned to in-network coverage UEs, after an

out-of network coverage UE synchronizes to one in-coverage UE, it will send the

paired SYNC2. Then upon detecting paired SYNC2 (if this SYNC2 matches with its

own SYNCl), an in-network coverage UE can know if any out-of coverage UEs are

relying on it. The paired SYNC1-SYNC2 may also be assigned with different

resources so that sequences from different pairs will not interfere with each other.

Figs. 2 illustrates a process 200 of synchronization according to an

embodiment of the present invention, primarily illustrating details of actions

undertaken by out of network coverage UEs.



At block 202, at power on of a UE, a UE searches for network coverage. The

process proceeds to block 204, and the UE determines if network coverage has been

detected. If network coverage is detected, the process proceeds to block 206 and the

UE performs an in-coverage UE SYNC procedure.

If network coverage is not detected, the process proceeds to block 208, and the

UE determines if a SYNC1 signal is detected. If yes, the process proceeds to block

210 and the UE sends a SYNC2 signal with timing based on the detected SYNC1

signal. The process then returns to block 204.

If no, the process proceeds to block 212 and the UE determines if a SYNC2

signal is detected. If a SYNC2 signal is detected, the process proceeds to block 214

and the UE sends a SYNC2 signal with timing based on the detected SYNC2 signal.

The process then returns to block 204. Depending on the implementation, the

searching for SYNC1 and SYNC2 can take place simultaneously.

If no, the process proceeds to block 216, and the UE sends a SYNC2 signal

with its own timing. The process then returns to block 204.

Fig. 3 illustrates a process 300 according to an embodiment of the present

invention. The process 300 is directed to UEs selected by the eNB. Selection may

be made, for example, on the basis that the UEs satisfy specified criteria and

conditions for being a candidate for providing a synchronization signal. For

connected mode UEs, fulfillment of such conditions and criteria by a UE can be

analyzed by an eNB using uplink link status. The fulfillment of the conditions and

criteria can also be analyzed based on a threshold broadcast by the eNB. For

instance, if a measured downlink SN or RSRP/RSRQ is below the threshold, the UE

is considered to be on the coverage edge. The UE may have been configured to start

SYNC2 signal search when it observes conditions fulfilled based on comparison with



the threshold or it may in this situation send an indication to eNB and start search

only after instructed by eNB to do so. Parameters of a SYNCl signal may identify

radio resources where the SYNCl signal will be transmitted.

At block 302, therefore, an eNB identifies UEs satisfying specified conditions,

such as conditions indicating location on a coverage edge or another location where

the UE is likely to be advantageously positioned to serve an out-of network coverage

UE. The conditions may be, for example, SN or RSRP/RSRQ conditions such as

those described above or based on UL signal strength or quality measurements or

timing advance values. At block 304, the eNB configures parameters of a SYNCl

signal to one or more identified UEs. Parameters may include, for example, radio

resource where SYNCl is transmitted.

At block 306, a configured UE searches for a SYNC2 signal. At step 308, a

determination is made as to whether the UE detects a SYNC2 signal. If no, the

process branches back to block 306 so that the search continues, and if yes, the

process proceeds to block 312. At block 312, the UE checks if the SYNC2 signal's

timing corresponds to the cell's timing. If yes, the process branches back to block

306. If the timing does not correspond to cell's timing, process branches to block

314, and the UE transmits the SYNCl signal. At block 316, the UE searches for a

SYNC2 signal and at block 318 the UE determines if a SYNC2 signal is detected. If

yes, the process branches back to block 314 and the UE continues to send the SYNCl

signal. The sending of the SYNCl signal thus continues until, after searching for a

SYNC2 signal at block 316 and determining at block 318 whether such a signal

detected, a determination is made that a SYNC2 signal is not detected. The process

then proceeds to block 320 and at block 320, the UE stops SYNCl transmission and

after that branches back to block 306, so that the UE again searches for a SYNC2



signal

Embodiments of the present invention are directed to managing configuration

and use of signals so that SYNCl signals are sent by UEs only when needed.

Further embodiments of the invention, however, may provide additional mechanisms

for synchronization.

As described above, out-of coverage UE detecting a SYNCl signal

synchronizes to that signal and starts to transmit its SYNC2 signal. This SYNC2

signal can be a synchronization source to another out-of-coverage UE that, being for

example further away from cell edge, does not hear any SYNCl signals. In this way,

an out-of-coverage UE can relay the synchronization to another UE. In one

exemplary embodiment, such relaying is not undertaken; rather, an out-of-coverage

UE synchronizing to a SYNCl signal of an in-coverage UE indicates to in network

coverage UEs that it is dependent on the SYNCl signal, and does not itself transmit

any sort of signal that could provide synchronization for another out-of coverage UE.

The indication may be expressed, for example, by SYNC2 signals transmitted so

infrequently that they cannot serve as a synchronization source but are nevertheless

sufficient for indicating dependence on a SYNCl signal. Such an approach

conserves power (and therefore battery life) for the out-of-network coverage UE.

However, such an approach might deny coverage to the UE receiving services,

because an out-of-network coverage UE would not relay its synchronization to further

outlying UEs.

The principle of avoiding unnecessary synchronization signal transmissions,

fulfilled with the above presented embodiments for the in-coverage UEs, can be

applied in a general case of stratified synchronization. In stratified synchronization the

primary synchronization sources (eNBs in the embodiments above) provide



synchronization to second tier (or rank) nodes (coverage edge in-network-coverage

UEs in the embodiments above) that provide synchronization to third tier nodes

(out-of-coverage UEs hearing SYNC1 in the embodiments above) and so on. In

order to minimize transmissions of synchronization signals, nodes would follow the

rule that a node on tier k starts providing a synchronization signal only when it

observes a signal transmitted by a node on tier k+2 or higher because its

synchronization signal may move the other node from tier k+2 to tier k+1. The

presented embodiments apply this general principle in a limited form as an in-network

coverage UE (node on tier 1) starts to transmit SYNC1 only when it observes an

unsynchronized SYNC2 transmitting UE (node on tier infinity from the in-coverage

UE's point of view).

Fig. 4 illustrates details of a base station, implemented as an eNB 400, and a

mobile communications device, implemented as a UE 450. The eNB 400 may

suitably comprise a transmitter 402, receiver 404, and antenna 406. The eNB 400

may also include a processor 408 and memory 410. The eNB 400 may employ data

412 and programs (PROGS) 414, residing in memory 410.

The UE 450 may suitably comprise a transmitter 452, receiver 454, and

antenna 456. The UE 450 may also include a processor 458 and memory 460. The

UE 450 may employ data 462 and programs (PROGS) 464, residing in memory 460.

At least one of the PROGs 414 in the eNB 400 is assumed to include a set of

program instructions that, when executed by the associated DP 408, enable the device

to operate in accordance with the exemplary embodiments of this invention, as detailed

above. In these regards the exemplary embodiments of this invention may be

implemented at least in part by computer software stored on the MEM 410, which is

executable by the DP 408 of the eNB 400, or by hardware, or by a combination of



tangibly stored software and hardware (and tangibly stored firmware). Similarly,

at least one of the P OGs 464 in the UE 450 is assumed to include a set of program

instructions that, when executed by the associated DP 458, enable the device to operate

in accordance with the exemplary embodiments of this invention, as detailed above.

In these regards the exemplary embodiments of this invention may be implemented at

least in part by computer software stored on the MEM 460, which is executable by the

DP 458 of the UE 450, or by hardware, or by a combination of tangibly stored software

and hardware (and tangibly stored firmware). Electronic devices implementing these

aspects of the invention need not be the entire devices as depicted at Figure 1 or Fig. 4

or may be one or more components of same such as the above described tangibly stored

software, hardware, firmware and DP, or a system on a chip SOC or an application

specific integrated circuit ASIC.

In general, the various embodiments of the UE 450 can include, but are not

limited to personal portable digital devices having wireless communication capabilities,

including but not limited to cellular telephones, navigation devices,

laptop/palmtop/tablet computers, digital cameras and music devices, and Internet

appliances.

Various embodiments of the computer readable MEM 410 and 460 include any

data storage technology type which is suitable to the local technical environment,

including but not limited to semiconductor based memory devices, magnetic memory

devices and systems, optical memory devices and systems, fixed memory, removable

memory, disc memory, flash memory, DRAM, SRAM, EEPROM and the like.

Various embodiments of the DP 408 and 458 include but are not limited to general

purpose computers, special purpose computers, microprocessors, digital signal

processors (DSPs) and multi-core processors.



Electronic devices implementing these aspects of the invention need not be the

entire devices as depicted at Figure 1 or Fig. 4 or may be one or more components of

same such as the above described tangibly stored software, hardware, firmware and DP,

or a system on a chip SOC or an application specific integrated circuit ASIC.

While various exemplary embodiments have been described above it should

be appreciated that the practice of the invention is not limited to the exemplary

embodiments shown and discussed here. Various modifications and adaptations to

the foregoing exemplary embodiments of this invention may become apparent to

those skilled in the relevant arts in view of the foregoing description. It will be

further recognized that various blocks discussed above may be performed as steps, but

the order in which they are presented is not limiting and they may be performed in

any appropriate order with or without additional intervening blocks or steps.

Further, some of the various features of the above non-limiting embodiments

may be used to advantage without the corresponding use of other described features.

The foregoing description should therefore be considered as merely illustrative

of the principles, teachings and exemplary embodiments of this invention, and not in

limitation thereof.

While various exemplary embodiments have been described above it should

be appreciated that the practice of the invention is not limited to the exemplary

embodiments shown and discussed here. Various modifications and adaptations to

the foregoing exemplary embodiments of this invention may become apparent to

those skilled in the relevant arts in view of the foregoing description. It will be

further recognized that the various blocks illustrated in Figs. 2-5

and discussed above may be performed as steps, but the order in which they are

presented is not limiting and they may be performed in any appropriate order with or



without additional intervening blocks or steps.

Further, some of the various features of the above non-limiting embodiments

may be used to advantage without the corresponding use of other described features.

The foregoing description should therefore be considered as merely illustrative

of the principles, teachings and exemplary embodiments of this invention, and not in

limitation thereof.



WHAT IS CLAIMED IS:

1. An apparatus comprising:

at least one processor;

memory storing computer program code;

wherein the memory storing the computer program code is configured to, with

the at least one processor, cause the apparatus to at least:

determine whether or not a first user device associated with the apparatus is

within coverage of a network; and

if the first user device is within coverage of the network:

determine if an out-of-coverage synchronization signal from an

out-of-coverage user device is detected; and

in response to detection of an out-of-coverage synchronization signal from an

out-of-coverage user device, cause the first user device to transmit an in-coverage

synchronization signal.

2 . The apparatus of claim 1, wherein the first user device is caused to

transmit an in-coverage synchronization signal only if the timing of the

out-of-coverage synchronization signal does not correspond to timing of the network.

3 . The apparatus of claim 1 or 2, wherein, once the first user device has

begun to transmit an in-coverage synchronization signal, the first user device

continually checks for the presence of an out-of-coverage synchronization signal and

continues to transmit the in-coverage signal while an out-of-coverage synchronization

signal is present.

4 . The apparatus of claim 1, wherein the apparatus is caused to, in

response to failure to detect an out of coverage synchronization signal from an

out-of-coverage user device, cause the first user device to refrain from transmitting an



in-coverage synchronization signal.

5 . The apparatus of claim 1, 2, 3, or 4, wherein the apparatus is caused to,

if the first user device is not within the coverage area of the network:

upon detection of an in-coverage synchronization signal from an in-coverage

user device, cause the first user device to use the in-coverage synchronization signal

for synchronization and to transmit an out-of-coverage synchronization signal

exhibiting timing based on the detected in-coverage synchronization signal.

6 . The apparatus of any of claims 1-5, wherein the apparatus is caused to,

if the first user device is not within the coverage area of the network and fails to

detect an in-coverage synchronization signal:

upon detection of an out-of-coverage synchronization signal from an

out-of-coverage user device, cause the first user device to use the out-of-coverage

synchronization signal for synchronization and to transmit an out-of-coverage

synchronization signal exhibiting timing based on the detected out-of-coverage

synchronization signal.

7 . The apparatus of claim 5 or 6, wherein the apparatus is further caused

to, upon failure to detect any synchronization signal;

cause the first user device to generate synchronization information and to transmit an

out-of-coverage synchronization signal based on the generated synchronization

information.

8. The apparatus of any preceding claim, wherein the first user device is

configured to distinguish in-coverage and out-of-coverage synchronization signals

based on sequence information exhibited by the in-coverage and out-of-coverage

synchronization signals.

9 . The apparatus of claim 1, wherein the apparatus is further caused to



cause the first user device to continually determine whether an out-of-coverage

synchronization signal is detected, and, if no such signal is detected, cease

transmission of the in-coverage synchronization signal.

10. The apparatus of claim 9, wherein determining whether the user device

is to search for out-coverage synchronization signals is performed based at least on

part on a relation of detected signal characteristics to a specified threshold.

11. An apparatus comprising:

at least one processor;

memory storing computer program code;

wherein the memory storing the computer program code is configured to, with

the at least one processor, cause the apparatus to at least:

cause a base station to configure in-coverage and out-of-coverage

synchronization signals; and

cause the base station to configure one or more user devices such that a user

device outside of network coverage transmits an out-of-coverage synchronization

signal and a user device inside of network coverage transmits an in-coverage

synchronization only upon receiving a signal indicating that an out-of-coverage user

device is within range.

12. The apparatus of claim 10, wherein configuration of the in-coverage

and out-of-coverage synchronization signals comprises configuring associating signal

sequence information with in-coverage- and out-of-coverage signals.

13. The apparatus of claim 11, wherein configuration of synchronization

signals further comprises configuring signals with rank information associated with

the number of relay stages represented by a signal and configuring user devices to

respond to signals based at least in part on the rank information.



14. The apparatus of claim 11, wherein the apparatus is further caused to

configure a threshold for use by a user device in determining whether to search for

out-coverage synchronization signals.

15. A method comprising:

determining whether or not a first user device is within coverage of a network;

and

if the first user device is within coverage of the network:

determining if an out-of-coverage synchronization signal from an

out-of-coverage user device is detected; and

in response to detection of an out-of-coverage synchronization signal

from an out-of-coverage user device, causing the first user device to transmit

an in-coverage synchronization signal.

16. The method of claim 15, wherein the first user device is caused to

transmit an in-coverage synchronization signal only if the timing of the

out-of-coverage synchronization signal does not correspond to timing of the network.

17. The method of claim 15 or 16, wherein, once the first user device has

begun to transmit an in-coverage synchronization signal, the first user device

continually checks for the presence of an out-of-coverage synchronization signal and

continues to transmit the in-coverage signal while an out-of-coverage synchronization

signal is present.

18. The method of claim 16, further comprising, in response to failure to

detect an out of coverage synchronization signal from an out-of-coverage user device,

causing the first user device to refrain from transmitting an in-coverage

synchronization signal.

19. The method of claim 17 or 18, further comprising, if the first user



device is not within the coverage area of the network:

upon detection of an in-coverage synchronization signal from an in-coverage

user device, causing the first user device to use the in-coverage synchronization signal

for synchronization and to transmit an out-of-coverage synchronization signal

exhibiting timing based on the detected in-coverage synchronization signal.

20. The method of claim 16, 17, 18, or 19, further comprising, if the first

user device is not within the coverage area of the network and fails to detect an

in-coverage synchronization signal:

upon detection of an out-of-coverage synchronization signal from an

out-of-coverage user device, causing the first user device to use the out-of-coverage

synchronization signal for synchronization and to transmit an out-of-coverage

synchronization signal exhibiting timing based on the detected out-of-coverage

synchronization signal.

21. The method of claim 19 or 20, further comprising, upon failure to

detect any synchronization signal;

causing the first user device to generate synchronization information and to transmit

an out-of-coverage synchronization signal based on the generated synchronization

information.

22. The method of any of claims 16-21, wherein the first user device is

configured to distinguish in-coverage and out-of-coverage synchronization signals

based on sequence information exhibited by the in-coverage and out-of-coverage

synchronization signals.

23. The method of claim 15 or 16, further comprising causing the first user

device to continually determine whether an out-of-coverage synchronization signal is

detected, and, if no such signal is detected, cease transmission of the in-coverage



synchronization signal.

24. The method of claim 23, wherein determining whether the user device

is to search for out-coverage synchronization signals is performed based at least on

part on a relation of detected signal characteristics to a specified threshold.

25. A method comprising:

causing a base station to configure in-coverage and out-of-coverage

synchronization signals; and

causing the base station to configure one or more user devices such that a user

device outside of network coverage transmits an out-of-coverage synchronization

signal and a user device inside of network coverage transmits an in-coverage

synchronization only upon receiving a signal indicating that an out-of-coverage user

device is within range.

26. The method of claim 25, wherein configuration of the in-coverage and

out-of-coverage synchronization signals comprises configuring associating signal

sequence information with in-coverage- and out-of-coverage signals.

27. The method of claim 25, wherein configuration of synchronization

signals further comprises configuring signals with rank information associated with

the number of relay stages represented by a signal and configuring user devices to

respond to signals based at least in part on the rank information.

28. The method of claim 27, wherein the apparatus is further caused to

configure a threshold for use by a user device in determining whether to search for

out-coverage synchronization signals.

29. A computer readable medium storing a program of instructions,

execution of which by a processor configures an apparatus to at least:

determine whether or not a first user device associated with the apparatus is



within coverage of a network; and

if the first user device is within coverage of the network:

determine if an out-of-coverage synchronization signal from an

out-of-coverage user device is detected; and

in response to detection of an out-of-coverage synchronization signal

from an out-of-coverage user device, cause the first user device to transmit an

in-coverage synchronization signal.

30. A computer readable medium storing a program of instructions,

execution of which by a processor configures an apparatus to at least:

cause a base station to configure in-coverage and out-of-coverage

synchronization signals; and

cause the base station to configure one or more user devices such that a user

device outside of network coverage transmits an out-of-coverage synchronization

signal and a user device inside of network coverage transmits an in-coverage

synchronization only upon receiving a signal indicating that an out-of-coverage user

device is within range.

31. An apparatus comprising:

means for determining whether or not a first user device associated with the

apparatus is within coverage of a network; and

means for, if the first user device is within coverage of the network:

determining if an out-of-coverage synchronization signal from an

out-of-coverage user device is detected; and

in response to detection of an out-of-coverage synchronization signal

from an out-of-coverage user device, causing the first user device to transmit

an in-coverage synchronization signal.



32. An apparatus comprising:

means for causing a base station to configure in-coverage and out-of-coverage

synchronization signals; and

means for causing the base station to configure one or more user devices such

that a user device outside of network coverage transmits an out-of-coverage

synchronization signal and a user device inside of network coverage transmits an

in-coverage synchronization only upon receiving a signal indicating that an

out-of-coverage user device is within range.











INTERNATIONAL SEARCH REPORT International application No.

PCT/CN2013/084456

A. CLASSIFICATION OF SUBJECT MATTER

H04W 56/00(2009.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

H04W; H04Q

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT\ CNKL WPI- EPODC 3GPP: base station,in coverage.out 3w coverage,synchroniz+,D2D

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X 3GPP TSG-RAN WG1. "D2D Synchronization-Out of network coverage/partial network 1-32
coverage"
Rl-133496, 23 August 2013 (2013-08-23),

section 2

A CN 102065032A (UNIV. XIDIAN) 18 May 201 1 (2011-05-18) 1-32

the whole document

A WO 2013010418A1 (HUAWEI TECHNOLOGIES CO. , LTD.) 24 January 2013 (2013-01- 1-32
24)

the whole document

I IFurther documents are listed in the continuation of Box C . | | See patent family annex.

Special categories of cited documents:

later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered

to be of particular relevance date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

earlier application or patent but published on or after the international"E" filing date document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step

"L" document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) Ύ " document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
document referring to an oral disclosure, use, exhibition or other

"O" combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

19 May 2014 12 June 2014

Name and mailing address of the ISA/ Authorized officer

STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA(ISA/CN) WANG,Yixuan
6,Xitucheng R ., Jimen Bridge, Haidian District, Beijing
100088 China

Facsimile No. (86-10)62019451 Telephone No. (86-10)62413244

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

PCT/CN2013/084456

Patent document Publication date Publication date
Patent family member(s)

cited in search report (day/monfh/year) (day/month/year)

CN 102065032A 18 May 201 1 None

WO 2013010418A1 24 January 2013 2713650A1 02 April 2014

102883440A 16 January 2013

2014128092A1 08 May 2014

Form PCT/ISA/210 (patent family annex) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

