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(57) ABSTRACT 

A synchronization source device includes a receiving circuit, 
a timing adjusting circuit and a transmitting circuit. The 
receiving circuit receives a first synchronization signal from 
an Evolved Node B (eNB). The timing adjusting circuit 
adjusts, according to a timing indicator, a timing of trans 
mission of a second synchronization signal in response to 
the first synchronization signal, wherein a timing of the 
second synchronization signal is corresponding to a timing 
of the first synchronization signal. The transmitting circuit 
transmits the timing indicator as well as the second syn 
chronization signal based on the adjusted timing of trans 
mission. 
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SYNCHRONIZATION SOURCE DEVICE FOR 
SYNCHRONIZATION COVERAGE 

EXTENSION AND METHOD AND SYSTEM 
USING THE SAME 

0001. This application claims the benefit of U.S. provi 
sional application Ser. No. 62/161,327, filed May 14, 2015, 
and the benefit of Taiwan application Serial No. 104140982, 
filed Dec. 7, 2015, the disclosures of which are incorporated 
by reference herein in its entirety. 

TECHNICAL FIELD 

0002 The disclosure relates to a synchronization source 
device for synchronization coverage extension, and a 
method and a system using the same. 

BACKGROUND 

0003. How to synchronize timings of a plurality of 
devices effectively is an issue to be addressed in communi 
cation field. According to the current communication speci 
fication, the synchronization timing of an Evolved Node B 
(eNB) can be passed by one or more synchronization Source 
devices to extend to other devices. However, when a device 
receives more than one synchronization signal from more 
than one synchronization Source device at the same time, 
these synchronization signals may collide with each other 
and failed to be detected, such that the device cannot 
synchronize to the eNB. 
0004. Therefore, there is a need to prove a communica 
tion technology to mitigate the collision issue. 

SUMMARY 

0005. The disclosure is directed to a synchronization 
Source device for synchronization coverage extension and a 
method and a system using the same, in which the timings 
of transmission of synchronization signals are staggered 
from each other, so the occurrence of signal collision can be 
reduced, and the eNB's synchronization coverage can then 
be extended. 
0006. According to one embodiment, a synchronization 
Source device is provided. The synchronization Source 
device includes a receiving circuit, a timing adjusting circuit 
and a transmitting circuit. The receiving circuit receives a 
first synchronization signal from an Evolved Node B (eNB). 
The timing adjusting circuit adjusts, according to a timing 
indicator, a timing of transmission of a second synchroni 
Zation signal in response to the first synchronization signal, 
wherein a timing of the second synchronization signal is 
corresponding to a timing of the first synchronization signal. 
The transmitting circuit transmits the timing indicator as 
well as the second synchronization signal based on the 
adjusted timing of transmission. 
0007 According to another embodiment, a communica 
tion method for a synchronization source device is provided. 
The communication method includes steps of receiving a 
first synchronization signal from an Evolved Node B(eNB); 
in response to the first synchronization signal, adjusting a 
timing of transmission of a second synchronization signal 
according to a timing indicator, wherein a timing of the 
second synchronization signal is corresponding to a timing 
of the first synchronization signal; and transmitting the 
timing indicator as well as the second synchronization signal 
based on the adjusted timing of transmission. 
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0008 According to an alternative embodiment, a com 
munication system is provided. The communication system 
includes an Evolved Node B (eNB), a first synchronization 
Source device, a second synchronization Source device and 
a remote user equipment (UE). The eNB transmits a first 
synchronization signal. The first synchronization source 
device receives the first synchronization signal from the 
eNB, and is assigned with a first timing indicator, wherein 
the first synchronization source device adjusts a timing of 
transmission of a second synchronization signal according to 
the first timing indicator, and transmits the first timing 
indicator as well as the second synchronization signal based 
on the adjusted timing of transmission of the second Syn 
chronization signal, wherein a timing of the second Syn 
chronization signal is corresponding to a timing of the first 
synchronization signal. The second synchronization Source 
device receives the first synchronization signal from the 
eNB, and is assigned with a second timing indicator, 
wherein the second synchronization Source device adjusts a 
timing of transmission of another second synchronization 
signal according to the second timing indicator, and trans 
mits the second timing indicator as well as the other second 
synchronization signal based on the adjusted timing of 
transmission of the other second synchronization signal, 
wherein a timing of the other second synchronization signal 
is corresponding to the timing of the first synchronization 
signal. The remote UE receives the second synchronization 
signal, the other second synchronization signal, the first 
timing indicator and the second timing indicator, recovers 
the timing of transmission of the second synchronization 
signal according to the first timing indicator, recovers the 
timing of transmission of the other second synchronization 
signal according to the second timing indicator, and obtains 
the timing of the first synchronization signal accordingly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 shows a schematic diagram of a communi 
cation system according to an embodiment of the present 
disclosure. 

0010 FIG. 2 shows a block diagram of a synchronization 
Source device according to an embodiment of the present 
disclosure. 

(0011 FIG. 3A and FIG. 3B illustrate two exemplary 
timings of transmission of the second synchronization sig 
nals for the first and second synchronization Source devices 
shown in FIG. 1. 

0012 FIG. 4 shows a schematic diagram of a Device-to 
Device (D2D) synchronization subframe in which the con 
tent is used to implement the second synchronization signal, 
the timing indicator. 
0013 FIG. 5 shows a flowchart of a communication 
method of a communication system according to an embodi 
ment of the present disclosure. 
0014 FIG. 6 shows an another flowchart of a communi 
cation method of a communication system according to an 
embodiment of the present disclosure. 
(0015 FIG. 7 shows a block diagram of a remote UE 
according to an embodiment of the present disclosure. 
0016 FIG. 8 shows a flowchart of a communication 
method using the collision indicator according to an embodi 
ment of the present disclosure. 
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0017 FIG. 9 shows an exemplary flowchart of detecting 
whether the second synchronization signals collide with 
each other according to an embodiment of the present 
disclosure. 

0018 FIG. 10 shows a timing diagram in which the 
second synchronization signals collide with each other. 
0019. In the following detailed description, for purposes 
of explanation, numerous specific details are set forth in 
order to provide a thorough understanding of the disclosed 
embodiments. It will be apparent, however, that one or more 
embodiments may be practiced without these specific 
details. In other instances, well-known structures and 
devices are schematically shown in order to simplify the 
drawing. 

DETAILED DESCRIPTION 

0020 Below, exemplary embodiments will be described 
in detail with reference to accompanying drawings so as to 
be easily realized by a person having ordinary knowledge in 
the art. The inventive concept may be embodied in various 
forms without being limited to the exemplary embodiments 
set forth herein. Descriptions of well-known parts are omit 
ted for clarity, and like reference numerals refer to like 
elements throughout. 
0021 FIG. 1 shows a schematic diagram of a communi 
cation system according to an embodiment of the present 
disclosure. As shown in FIG. 1, the communication system 
100 includes an Evolved Node B (eNB) 102, a plurality of 
synchronization source devices, such as a first synchroniza 
tion source device 104 and a second synchronization Source 
device 106, and a remote user equipment (UE) 108. The 
synchronization source device can be a UE, which would act 
as an independent synchronization Source or a dependent 
synchronization Source, depending on the network condi 
tions. When acted as the independent synchronization 
Source, the device may use its own timing to send out a 
synchronization signal. When acted as a dependent synchro 
nization source, the device may response to an external 
synchronization signal to send out the synchronization sig 
nal of which the timing is corresponding to that of the 
external synchronization signal. 
0022. The eNB 102 may send a first synchronization 
signal SS1 to synchronize other devices. In an example, the 
first synchronization signal SS1 may include a Primary 
Synchronization Signal (PSS) and a Secondary Synchroni 
zation Signal (SSS). 
0023. In general, when receiving the first synchronization 
signal SS1 from the eNB 102, the synchronization source 
devices would act as dependent synchronization sources and 
send out the second synchronization signals (e.g., SS2/SS2) 
to other devices in response to the first synchronization 
signal SS1 almost at the same time. However, this would 
increase the opportunities of signal collision at the devices 
receiving the second synchronization signals (e.g., SS2/ 
SS2). Accordingly, in the embodiments of the present 
disclosure, the synchronization Source device may exploit a 
timing indicator to adjust the timing of transmission of the 
second synchronization signal (e.g., SS2/SS2), so as to 
mitigate the collision issue due to the synchronization Source 
devices sending the second synchronization signals (e.g., 
SS2/SS2) at the same time. In this way, for a remote UE 
outside of the eNB102’s signal coverage or in a shadowed 
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area or at the coverage's edge, it can still synchronize to the 
eNB 102 indirectly, so the synchronization coverage of the 
eNB 102 can be extended. 
0024. As shown in FIG. 1, the first synchronization 
source device 104 receives the first synchronization signal 
SS1 from the eNB 102 and is assigned with a first timing 
indicator Tind 1. The first synchronization source device 104 
adjusts the timing of transmission of a second synchroniza 
tion signal SS2 according to the first timing indicator Tind1, 
and transmits the first timing indicator Tind1 as well as the 
second synchronization signal SS2 based on the adjusted 
timing of transmission of the second synchronization signal 
SS2. The timing of the second synchronization signal SS2 is 
corresponding to that of the first synchronization signal SS1. 
0025. On the other hand, the second synchronization 
source device 106 receives the first synchronization signal 
SS1 from the eNB 102 and is assigned with a second timing 
indicator Tind2. The second synchronization Source device 
106 adjusts the timing of transmission of an another second 
synchronization signal SS2" according to the second timing 
indicator Tind2, and transmits the second timing indicator 
Tind2 as well as the another second synchronization signal 
SS2' based on the adjusted timing of transmission of the 
another second synchronization signal SS2'. The timing of 
the another second synchronization signal SS2' is corre 
sponding to that of the first synchronization signal SS1. 
0026. The timing of transmission of the second synchro 
nization signal SS2 for the first synchronization source 
device 104 and the timing of transmission of the another 
second synchronization signal SS2" for the second synchro 
nization source device 106 may be staggered from each 
other by using the first and second timing indicators Tind1, 
Tind2. 

(0027. The remote UE 108 receives the second synchro 
nization signal SS2 from the first synchronization Source 
device 104, the another second synchronization signal SS2 
from the second synchronization source device 106, the first 
timing indicator Tind1, and the second timing indicator 
Tind2. The remote UE 108 may recover the timing of 
transmission of the second synchronization signal SS2 
according to the first timing indicator Tind1, and further 
recover the timing of transmission of the another second 
synchronization signal SS2" according to the second timing 
indicator Tind2, so as to obtain the timing of the first 
synchronization signal SS1. 
(0028. In the example of FIG. 1, the remote UE 108 may 
be outside of the eNB102’s signal coverage (or at the edge 
of the signal coverage) or be shadowed by Some obstacles, 
causing that the remote UE 108 cannot receive the first 
synchronization signal SS1 from the eNB 102 directly. 
Through the second synchronization signals (e.g., SS2/SS2) 
from the synchronization source devices (e.g., 104,106), the 
remote UE 108 may get the eNB102’s timing indirectly and 
then synchronize to the eNB 102. Since the timings of 
transmission of the second synchronization signals (e.g., 
SS2/SS2) for the synchronization source devices are stag 
gered from each other by using the timing indicators, the 
remote UE 108 is more easily to detect the received second 
synchronization signals (SS2/SS2) and hence the chance of 
successful synchronization is increased, such that the eNB 
102’s synchronization coverage is effectively extended. 
After the remote UE 108 gets the eNB 102's timing indi 
rectly and synchronizes to the eNB 102, the remote UE 108 
may turn to be a dependent synchronization Source device 
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and then send out the synchronization signal to further 
extend the eNB102’s synchronization coverage. 
0029 FIG. 2 shows a block diagram of a synchronization 
Source device according to an embodiment of the present 
disclosure. As shown in FIG. 2, the synchronization Source 
device 200 includes a receiving circuit 202, a timing adjust 
ing circuit 204 and a transmitting circuit 206. The receiving 
circuit 202 includes, for example, a wireless signal receiver. 
The receiving circuit 202 may receive the first synchroni 
zation signal (e.g., SS1) from the eNB. By detecting the first 
synchronization signal, the synchronization Source device 
200 can obtain the eNB's reference timing and use it to 
analyze out the control signal and/or other information 
received from the eNB. 
0030 The timing adjusting circuit 204 may adjust, 
according to the timing indicator (e.g., Tind1/Tind2 in FIG. 
1), the timing of transmission of the second synchronization 
signal (e.g., SS2/SS2' in FIG. 1) in response to the first 
synchronization signal, wherein the timing of the second 
synchronization signal is corresponding to that of the first 
synchronization signal, e.g., there is a specific phase differ 
ence between the first and second synchronization signals. 
0031. In the embodiments of the present disclosure, dif 
ferent values of the timing indicator correspond to at least 
two different timings of transmission of the second synchro 
nization signal. For example, the timing adjusting circuit 
204 may, according to the timing indicator, (1) adjust a time 
offset for the timing of transmission of the second synchro 
nization signal, and/or (2) determine whether to transmit the 
second synchronization signal in a synchronization signal 
transmission period. The timing adjusting circuit 204 can be 
implemented by, for example, a special-purpose application 
circuit, a processor or other computing circuit(s). 
0032. The transmitting circuit 206 includes, for example, 
a wireless transmitter, which may transmit the timing indi 
cator as well as the second synchronization signal (e.g., 
SS2/SS2' in FIG. 1) based on the adjusted timing of trans 
mission. Transmitting the timing indicator (e.g., Tind 1/ 
Tind2 in FIG. 1) as well as the second synchronization signal 
makes the receiving device (e.g. the remote UE 108 in FIG. 
1) possible to recover the original timing of transmission of 
the second synchronization signal according to the corre 
sponding timing indicator. Such that the receiving device can 
synchronize to the eNB's timing. 
0033 FIG. 3A and FIG. 3B illustrate two exemplary 
timings of transmission of the second synchronization sig 
nals SS2, SS2 for the first and second synchronization 
source devices 104, 106 shown in FIG. 1. In FIG. 3A, the 
sequence of timing 302 represents the timing of transmission 
of the first synchronization signal SS1 (e.g., PSS/SSS) for 
the eNB 102, of which the transmission period is T1 (e.g., 
5 ms). The sequences of timings 304, 306 respectively 
represent the timings of transmission of the second synchro 
nization signals SS2, SS2 for the first and second synchro 
nization source devices 104,106, of which the transmission 
periods are T2 (e.g., 40 ms). 
0034. In the example of FIG. 3A, the timing indicator 
Tind1/Tind2 is used to indicate an amount of time offset for 
the timing of transmission of the second synchronization 
signal SS2/SS2'. Specifically, given that the start timing at 
which a synchronization source device without using the 
proposed timing indicator responds to the eNB's first syn 
chronization signal (e.g., PSS/SSS) to transmit the second 
synchronization signal is t(), the proposed synchronization 
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Source device may delay the timing of transmission of the 
second synchronization signal SS2/SS2 by a specific time 
offset from the timing to according to the timing indicator 
Tind1/Tind2. 

0035. As shown in the sequence of timing 304, the first 
synchronization source device 104 delays the start time to 
transmit the second synchronization signal SS2 by a time 
offset Tost1 from the timing to according to the amount of 
time offset indicated by the timing indicator Tind 1. Like 
wise, as shown in the sequence of timing 306, the second 
synchronization source device 106 delays the start time to 
transmit the another second synchronization signal SS2 by 
a time offset Tost2 from the timing to according to the 
amount of time offset indicated by the timing indicator 
Tind2. Thus, by appropriately selecting the values of the first 
and second timing indicators Tind1, Tind2 to ensure that the 
amounts of the time offsets Tost1 and Tost2 are different, the 
start time at which the first and second synchronization 
source devices 104,106 respond to the first synchronization 
signal SS1 to transmit the second synchronization signals 
SS2, SS2 can be staggered from each other. In this way, the 
synchronization signal collision occurred at the receiving 
device (e.g., the remote UE 108 in FIG. 1) can be prevented. 
0036. In the example of FIG.3B, the first synchronization 
source device 104 selectively transmits the second synchro 
nization signal SS2 or provides a null representation NULL 
in the synchronization signal transmission period T2 accord 
ing to the first timing indicator Tind1, and the second 
synchronization source device 106 selectively provides the 
null representation NULL or transmits the another second 
synchronization signal SS2' in the synchronization signal 
transmission period T2 according to the second timing 
indicator Tind2. As shown in the sequences of timings 304 
and 306', the second synchronization source device 106 may 
provide the null representation NULL when the first syn 
chronization source 104 device selects to transmit the sec 
ond synchronization signal SS2, and the second synchroni 
zation source device 106 may transmit the another second 
synchronization signal SS2 when the first synchronization 
source device 104 selects to provide the null representation 
NULL. Said null representation NULL can be implemented 
by any means for representing that the second synchroniza 
tion signal SS2/SS2 is not to be sent, e.g., not to send 
signal(s) or sending information irrelevant to the synchro 
nization. 

0037 FIG. 4 shows a schematic diagram of a Device-to 
Device (D2D) synchronization subframe 400 in which the 
content is used to implement the second synchronization 
signal, the timing indicator. The D2D synchronization Sub 
frame 400 includes 2 Primary Device-to-Device Synchro 
nization Signal (PD2DSS) symbols, 2 Secondary Device 
to-Device Synchronization Signal (SD2DSS) symbols, 2 
Demodulation Reference Signal (DMRS) symbols, 1 GAP 
symbol, and 7 Physical Device-to-Device Synchronization 
Channel (PD2DSCH) symbols. In an embodiment, the sec 
ond synchronization signal sent by the synchronization 
source device is implemented with D2DSS, which is defined 
by PD2DSS and SD2DSS. That is, the second synchroni 
zation signal may include PD2DSS and SD2DSS. 
0038. For the synchronization source devices directly 
receiving the eNB's reference timing, they send D2DSS 
(called “D2DSSue net”) including PD2DSS symbols hav 
ing the same root value (e.g., root=26). On the other hand, 
for the synchronization source devices not to receive the 
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synchronization timing from the eNB, they send D2DSS 
(called “D2DSSue oon”) including PD2DSS symbols hav 
ing another root value (e.g., root=37). Since SD2DSS is 
corresponding to the synchronization source device's iden 
tifier (ID), SD2DSS sent from different synchronization 
source devices correspond to different values. PD2DSCH 
can be used to carry control messages. In an embodiment, 
PD2DSCH of the D2D synchronization subframe 400 car 
ries the proposed timing indicator. 
0.039 FIG. 5 shows a flowchart of a communication 
method of a communication system 500 according to an 
embodiment of the present disclosure. In FIG. 5, the com 
munication system 500 includes an eNB 502, synchroniza 
tion source devices 504,506, 510, and a remote UE508. The 
synchronization source devices 504 and 506 are located in 
the signal coverage of the eNB 502, and can receive the eNB 
502's reference timing directly. The synchronization source 
device 510 and the remote UE508 are located, for example, 
outside of the eNB 502's signal coverage (or at the coverage 
edge with low signal strength), or in the shadowed area of 
the eNB 502's signal coverage, which cannot receive the 
eNB 502's reference timing directly. 
0040. At steps S51a and S51b, the eNB 502 transmits the 

first synchronization signal SS1 (e.g., PSS/SSS) to the 
synchronization source devices 504 and 506, and assigns the 
synchronization source devices 504 and 506 with timing 
indicators Tind1 and Tind2, respectively. The timing indi 
cator Tind 1/Tind2 can be included in a control signal from 
the eNB 502, such as System Information Block (SIB), 
Radio Resource Control (RRC) or any other control signal/ 
message. In an embodiment, the value of the timing indi 
cator Tind1/Tind2 can be scheduled by the eNB 502. For 
example, the eNB 502 may determine the values of the 
timing indicators Tind1 and Tind2 according to the locations 
of the synchronization source devices 504 and 506. How 
ever, the present is not limited thereto, and the eNB 502 may 
schedule the value of the timing indicator Tind 1/Tind2 
according to the network conditions and/or the deployment 
of devices. In another embodiment, the eNB may generate 
the value of the timing indicator randomly. 
0041 At step S52, the synchronization source device 510 
acting as an independent synchronization source sends out 
an independent synchronization signal SS3 (e.g., D2DSSue 
oon) based on its own timing. In some embodiments, the 
communication system 500 may not to include the indepen 
dent synchronization source, e.g., the synchronization 
source device 510, and thus step S52 can be omitted. 
0042. At steps S53a and S53b, the synchronization 
source devices 504 and 506 transmit the second synchroni 
zation signals SS2 and SS2' (e.g., D2DSSue net) as well as 
the timing indicators Tind1 and Tind2 to the remote UE508 
based on the adjusted timings of transmission indicated by 
the timing indicators Tind1 and Tind2, respectively. 
0043. At step S54, the remote UE508 selects the optimal 
reference timing and changes its UE type correspondingly 
according to the priorities of all received synchronization 
signals (e.g., the second synchronization signals SS2 and 
SS2 and the third synchronization signal SS3 (if exists)) and 
the Reference Signal Received Power (RSRP) measurement 
for the signal strength. For example, if the remote UE 508 
in the beginning only receives the synchronization signal 
from the synchronization source device 510 located outside 
of the eNB 502's coverage, the remote UE 508 may select 
the synchronization source device 510s synchronization 
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signal as its reference of synchronization timing, and set the 
UE type as a UE that synchronizes to an out-of-coverage 
synchronization signal. If the synchronization Source device 
508 then selects a synchronization signal which is sent from 
an in-coverage synchronization source device and corre 
sponding to a larger RSRP as its reference timing, the UE 
type will be correspondingly changed to a UE that synchro 
nizes to an in-coverage synchronization signal. 
0044 Since the synchronization source devices 504 and 
506 may transmit the second synchronization signals SS2 
and SS2' based on staggered timings, the remote UE 508 
receiving these two signals SS2 and SS2 can detect them 
correctly and execute the Subsequent operations (e.g., step 
S54 in FIG. 5) to select the synchronization timing. Through 
the abovementioned mechanism, the synchronization cov 
erage of the eNB 502 can be extended to the remote UE508. 
004.5 FIG. 6 shows an another flowchart of a communi 
cation method of a communication system 600 according to 
an embodiment of the present disclosure. Similar to FIG. 5, 
in the example of FIG. 6, the communication system 600 
includes an eNB 602, synchronization source devices 604, 
606, 610, and a remote UE 608. The synchronization source 
devices 604 and 606 are located in the signal coverage of the 
eNB 602, and can receive the eNB 602's reference timing 
directly. The synchronization source device 610 and the 
remote UE 608 are located, for example, outside of the eNB 
602's signal coverage (or at the coverage edge with low 
signal strength), or in the shadowed area of the signal 
coverage of the eNB 602, which cannot receive the eNB 
602's reference timing directly. 
0046. In this embodiment, the value of the timing indi 
cator can be selected by the Synchronization Source device 
randomly. As shown in FIG. 6, at steps 561a and 561b, the 
eNB 602 transmits the first synchronization signal S51 (e.g., 
PSS/SSS) to the synchronization source devices 604 and 606 
located in the signal coverage. 
0047. At step S62, the synchronization source device 610 
acting as an independent synchronization Source sends out 
an independent synchronization signal SS3 (e.g., D2DSSue 
oon) based on its own timing. In some embodiments, the 
communication system 600 may not to include the indepen 
dent synchronization source, e.g., the synchronization 
source device 610, and thus step S62 can be omitted. 
0048. At steps S63a and S63b, the synchronization 
source devices 604 and 606 respectively generate the values 
of the timing indicators Tind1 and Tind2 randomly, and 
adjust the timings of transmission of the second synchroni 
zation signals SS2 and SS2' (e.g., D2DSSue net) according 
to the generated timing indicators Tind1 and Tind2. Then, 
the second synchronization signals SS2 and SS2 as well as 
the corresponding timing indicators Tind1 and Tind2 are 
transmitted to the devices which cannot directly receive the 
eNB 602's synchronization timing, e.g., the remote UE 608. 
0049 Step S64 is similar to step S54 of FIG. 5, the 
remote UE 608 may select the optimal reference timing and 
changes its UE type correspondingly according to the pri 
orities of all received synchronization signals (e.g., the 
second synchronization signals SS2, SS2 and the third 
synchronization signal SS3 (if exists)) and the RSRP mea 
Surement for the signal strength. Since the timings of trans 
mission of the second synchronization signals SS2 and SS2 
are randomly determined based on the timing indicators 
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Tind1 and Tind2, the occurrence of collision between these 
two second synchronization signals SS2 and SS2 can be 
significantly reduced. 
0050 FIG. 7 shows a block diagram of a remote UE 700 
according to an embodiment of the present disclosure. The 
remote UE 700 further includes a timing selecting circuit 
704 and a collision detecting circuit 702. The timing select 
ing circuit 704 is used to determine the optimal reference 
synchronization timing. The collision detecting circuit 702 
is used to detect whether a collision occurs from the received 
synchronization signals, and to transmit a collision indicator 
Cind through the transmitting circuit 206 when the collision 
is detected, wherein the collision indicator Cind would make 
a synchronization source device retransmitting a synchroni 
Zation signal and reselecting its timing of transmission of the 
synchronization signal. 
0051. For example, when the remote UE 700 detects that 
a collision occurs in the received synchronization signals, 
the remote UE 700 may broadcast the collision indicator 
Cind to instruct these synchronization source devices to 
retransmit synchronization signals and reselect their timings 
of transmission of the synchronization signals, so as to 
prevent the synchronization signal collision from happening 
again. 
0.052 FIG. 8 shows a flowchart of a communication 
method using the collision indicator Cind according to an 
embodiment of the present disclosure. As shown in FIG. 8, 
at step S81, when detecting a collision occurring from the 
received synchronization signals, the remote UE 806 may 
send out the collision indicator Cind, as shown in steps S82a 
and S82b. The collision indicator Cind can be implemented 
in the PD2DSCH of the D2D synchronization subframe 400, 
for example. Then, at steps S83a and S83b, when the 
synchronization source devices 802 and 804 receive the 
collision indicator Cind, they may update their timing indi 
cators Tind1 and Tind2 in response to the collision indicator 
Cind, reselect the timings of transmission of the second 
synchronization signals SS2 and SS2 according to the 
updated timing indicators Tind 1' and Tind2, and retransmit 
the updated timing indicators Tind1 and Tind2" as well as 
the second synchronization signals SS2 and SS2' based on 
the reselected timings of transmission. Thus, if the second 
synchronization signals SS2 and SS2' which the synchroni 
zation source devices 802 and 804 transmit based on the 
timing indicators Tind1 and Tind2 still collide with each 
other (e.g., both of the synchronization source devices 802 
and 804 randomly select the same value of the timing 
indicators), the synchronization source devices 802 and 804 
can reselect the timings of transmission of the second 
synchronization signal SS2 and SS2 by using the collision 
indicator Cind returned from the receiving device (e.g., the 
remote UE 806), so as to prevent the synchronization signal 
collision from happening again. 
0053. It is understood that the collision detection and 
retransmission mechanism illustrated in FIG. 8 can be 
applied in each embodiment of the present disclosure. Take 
FIG. 5 for example, if the second synchronization signals 
SS2 and SS2 sent by the synchronization source devices 504 
and 506 collide with each other at the remote UE 508, the 
remote UE 508 may execute steps of FIG. 8 to utilize the 
collision indicator Cind to make the synchronization Source 
devices 504 and 506 update their timing indicators Tind 1 
and Tind2 and perform retransmission. The procedure of 
FIG. 8 can be executed repeatedly until the collision issue is 
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addressed and solved. After that, step S54 can be executed 
to determine the synchronization reference timing. Like 
wise, take FIG. 6 for example, if the second synchronization 
signals SS2 and SS2 sent by the synchronization source 
devices 604 and 606 collide with each other at the remote 
UE 608, the remote UE 608 may execute steps of FIG. 8 to 
utilize the collision indicator Cind to make the synchroni 
zation source devices 604 and 606 update their timing 
indicators Tind1 and Tind2 and perform retransmission. The 
procedure of FIG. 8 can be executed repeatedly until the 
collision issue is addressed and solved. Then, step S64 can 
be executed to determine the synchronization reference 
timing. 
0054 Refer to FIG. 9 and FIG. 10. FIG. 9 shows an 
exemplary flowchart of detecting whether the second syn 
chronization signals SS2 and SS2 collide with each other 
according to an embodiment of the present disclosure. FIG. 
10 shows a timing diagram in which the second synchroni 
zation signals SS2 and SS2 collide with each other. In the 
embodiment, the D2DSS is used as the proposed second 
synchronization signal SS2/SS2 for illustration. 
0055 As mentioned above, for the synchronization 
source devices receiving the eNB's reference timing, their 
PD2DSS of D2DSS may have the same value. Further, since 
the SD2DSS of D2DSS is corresponding to the signal 
source's ID, the synchronization source devices SD2DSS 
may have different values. By using this characteristic, when 
a device receiving more than one DSDSS from the synchro 
nization source devices found that it can detect the PD2DSS 
but cannot detect the SD2DSS, the device may determine 
that a collision occurs from the received synchronization 
signals. Further, even the PD2DSS cannot be detected, the 
device may determine that there is no synchronization signal 
received. 

0056. As illustrated in step S91, PD2DSS and SD2DSS 
are targets to be detected from the received signal. Then, at 
step S92, it is determined whether the PD2DSS can be 
detected out. If yes, the procedure continues to step S93. If 
not, it is determined that there is no synchronization signal 
received. 

0057. At step S93, it is determined whether the SD2DSS 
fails to be detected, or more than one SD2DSS are detected. 
If yes, it means that the synchronization signal collision 
occurs, and Such collision results in the incorrect detecting 
result. If not, it can be determined that there is no synchro 
nization signal collision. As shown in FIG. 10, the sequences 
of timings 1002 and 1004 respectively represent the timings 
of transmission of the second synchronization signals SS2 
and SS2 for two synchronization source devices. If the 
timing indicators for the two synchronization signals SS2 
and SS2" are the same, the timings of transmission of these 
two second synchronization signals SS2 and SS2 are likely 
to collide with each other. Given that both of the synchro 
nization source devices receive the eNB's reference timing, 
their PD2DSS of the second synchronization signals SS2 
and SS2 should be the same. Since the collision of two 
identical signals will result in a positive enhancement of the 
signal waveform, the receiving terminal can still detect the 
PD2DSS. 

0058. On the other hand, since the second synchroniza 
tion signals SS2 and SS2' are from different synchronization 
source devices, their corresponding SD2DSS are different 
(e.g., SD2DSS1 and SD2DSS2 in FIG. 10). Hence, the 
synchronization signal collision will cause a failure detec 
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tion of the SD2DSS, or an incorrect detecting result such as 
detecting more than one SD2DSS. Generally, it can be 
determined that a collision occurs if both of the following 
conditions are satisfied: (1) PD2DSS is detected, and (2) 
SD2DSS fails to be detected, or more than one SD2DSS are 
detected. 
0059 Based on the above, the proposed synchronization 
Source device and method and system using the same may 
adjust the timing of transmission of the synchronization 
signal according to the timing indicator, and reselect the 
timing of transmission when receiving the collision indica 
tor. Thus, the collision of synchronization signals can be 
prevented, and the eNB's synchronization coverage can then 
be extended. 
0060. It will be apparent to those skilled in the art that 
various modifications and variations can be made to the 
disclosed embodiments. It is intended that the specification 
and examples be considered as exemplary only, with a true 
scope of the disclosure being indicated by the following 
claims and their equivalents. 
What is claimed is: 
1. A synchronization Source device, comprising: 
a receiving circuit, receiving a first synchronization signal 

from an Evolved Node B (eNB); 
a timing adjusting circuit, adjusting, according to a timing 

indicator, a timing of transmission of a second syn 
chronization signal in response to the first synchroni 
Zation signal, wherein a timing of the second synchro 
nization signal is corresponding to a timing of the first 
synchronization signal; and 

a transmitting circuit, transmitting the timing indicator as 
well as the second synchronization signal based on the 
adjusted timing of transmission. 

2. The synchronization source device according to claim 
1, wherein the timing indicator is included in a control signal 
from the eNB. 

3. The synchronization source device according to claim 
2, wherein the eNB generates a value of the timing indicator 
according to a location of the synchronization Source device. 

4. The synchronization source device according to claim 
2, wherein the eNB generates a value of the timing indicator 
randomly. 

5. The synchronization source device according to claim 
1, wherein the synchronization source device generates a 
value of the timing indicator randomly. 

6. The synchronization source device according to claim 
1, wherein the timing indicator is included in Physical 
Device-to-Device Synchronization Channel (PD2DSCH) of 
a Device-to-Device synchronization subframe. 

7. The synchronization source device according to claim 
1, wherein the timing adjusting circuit adjusts a time offset 
for the timing of transmission of the second synchronization 
signal according to the timing indicator. 

8. The synchronization source device according to claim 
1, wherein the timing adjusting circuit determines whether 
to transmit the second synchronization signal in a synchro 
nization signal transmission period according to the timing 
indicator. 

9. The synchronization source device according to claim 
1, wherein when the synchronization source device receives 
a collision indicator, the synchronization source device 
updates the timing indicator in response to the collision 
indicator, reselects the timing of transmission of the second 
synchronization signal according to the updated timing 
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indicator, and retransmits the updated timing indicator as 
well as the second synchronization signal based on the 
reselected timing of transmission. 

10. The synchronization source device according to claim 
9, wherein the collision indicator is sent from a remote user 
equipment (UE), the remote UE determines whether a 
collision occurs from the received second synchronization 
signals, and sends the collision indicator when the collision 
is detected. 

11. The synchronization source device according to claim 
1, wherein the first synchronization signal comprises Pri 
mary Synchronization Signal (PSS) and Secondary Syn 
chronization Signal (SSS). 

12. The synchronization source device according to claim 
1, wherein the second synchronization signal comprises 
Primary Device-to-Device Synchronization Signal 
(PD2DSS) and Secondary Device-to-Device Synchroniza 
tion Signal (SD2DSS). 

13. A communication method for a synchronization 
Source device, comprising: 

receiving a first synchronization signal from an Evolved 
Node B (eNB); 

in response to the first synchronization signal, adjusting a 
timing of transmission of a second synchronization 
signal according to a timing indicator, wherein a timing 
of the second synchronization signal is corresponding 
to a timing of the first synchronization signal; and 

transmitting the timing indicator as well as the second 
synchronization signal based on the adjusted timing of 
transmission. 

14. The communication method according to claim 13, 
wherein the timing indicator is included in a control signal 
from the eNB. 

15. The communication method according to claim 14, 
further comprising: 

generating a value of the timing indicator according to a 
location of the synchronization source device by the 
eNB. 

16. The communication method according to claim 14, 
further comprising: 

generating a value of the timing indicator randomly by the 
eNB. 

17. The communication method according to claim 13, 
further comprising: 

generating a value of the timing indicator randomly by the 
synchronization source device. 

18. The communication method according to claim 13, 
wherein the timing indicator is included in Physical Device 
to-Device Synchronization Channel (PD2DSCH) of a 
Device-to-Device synchronization subframe. 

19. The communication method according to claim 13, 
further comprising: 

adjusting a time offset for the timing of transmission of 
the second synchronization signal according to the 
timing indicator. 

20. The communication method according to claim 13, 
further comprising: 

determining whether to transmit the second synchroniza 
tion signal in a synchronization signal transmission 
period according to the timing indicator. 

21. The communication method according to claim 13, 
further comprising: 
when a collision indicator is received, updating the timing 

indicator in response to the collision indicator, and 
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reselecting the timing of transmission of the second 
synchronization signal according to the updated timing 
indicator; and 

retransmitting the updated timing indicator as well as the 
second synchronization signal based on the reselected 
timing of transmission. 

22. The communication method according to claim 21, 
wherein the collision indicator is sent from a remote user 
equipment (UE), the remote UE determines whether a 
collision occurs from the received second synchronization 
signals, and sends out the collision indicator when the 
collision is detected. 

23. The communication method according to claim 13, 
wherein the first synchronization signal comprises Primary 
Synchronization Signal (PSS) and Secondary Synchroniza 
tion Signal (SSS). 

24. The communication method according to claim 13, 
wherein the second synchronization signal comprises Pri 
mary Device-to-Device Synchronization Signal (PD2DSS) 
and Secondary Device-to-Device Synchronization Signal 
(SD2DSS). 

25. A communication system, comprising: 
an Evolved Node B (eNB), transmitting a first synchro 

nization signal; 
a first synchronization Source device, receiving the first 

synchronization signal from the eNB, and being 
assigned with a first timing indicator, wherein the first 
synchronization Source device adjusts a timing of trans 
mission of a second synchronization signal according 
to the first timing indicator, and transmits the first 
timing indicator as well as the second synchronization 
signal based on the adjusted timing of transmission of 
the second synchronization signal, wherein a timing of 
the second synchronization signal is corresponding to a 
timing of the first synchronization signal; 

a second synchronization Source device, receiving the first 
synchronization signal from the eNB, and being 
assigned with a second timing indicator, wherein the 
second synchronization source device adjusts a timing 
of transmission of an another second synchronization 
signal according to the second timing indicator, and 
transmits the second timing indicator as well as the 
another second synchronization signal based on the 
adjusted timing of transmission of the another second 
synchronization signal, wherein a timing of the another 
second synchronization signal is corresponding to the 
timing of the first synchronization signal; and 

a remote user equipment (UE), receiving the second 
synchronization signal, the another second synchroni 
Zation signal, the first timing indicator and the second 
timing indicator, recovering the timing of transmission 
of the second synchronization signal according to the 
first timing indicator, recovering the timing of trans 
mission of the another second synchronization signal 
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according to the second timing indicator, and obtaining 
the timing of the first synchronization signal accord 
ingly. 

26. The communication system according to claim 25. 
wherein the timing of transmission of the second synchro 
nization signal for the first synchronization source device 
and the timing of transmission of the another second Syn 
chronization signal for the second synchronization Source 
device are staggered from each other by the first and second 
timing indicators. 

27. The communication system according to claim 25. 
wherein the eNB generates values of the first and second 
timing indicators according to locations of the first and 
second synchronization Source devices. 

28. The communication system according to claim 25. 
wherein the eNB generates values of the first and second 
timing indicators randomly. 

29. The communication system according to claim 25, the 
first and second synchronization Source devices randomly 
generate values of the first and second timing indicators, 
respectively. 

30. The communication system according to claim 25, 
wherein the first synchronization Source device adjusts a first 
time offset for the timing of transmission of the second 
synchronization signal according to the first timing indica 
tor, and the second synchronization source device adjusts a 
second time offset for the timing of transmission of the 
another second synchronization signal according to the 
second timing indicator, wherein the amount of the first time 
offset is different from that of the second time offset. 

31. The communication system according to claim 25. 
wherein the first synchronization source device selectively 
transmits the second synchronization signal or provides a 
null representation in a synchronization signal transmission 
period according to the first timing indicator, and the second 
synchronization source device selectively provides the null 
representation or transmits the another second synchroniza 
tion signal in the synchronization signal transmission period 
according to the second timing indicator, 

wherein the second synchronization source device pro 
vides the null representation when the first synchroni 
Zation Source device selects to transmit the second 
synchronization signal, and the second synchronization 
Source device transmits the another second synchroni 
Zation signal when the first synchronization source 
device selects to provide the null representation. 

32. The communication system according to claim 25. 
wherein the remote UE determines whether a collision 
occurs from the received second synchronization signal and 
the received another second synchronization signal, and 
sends a collision indicator when the collision is detected to 
make the first and second synchronization source devices to 
reselect the timings of transmission of the second synchro 
nization signal and the another second synchronization 
signal. 


