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SYNCHRONIZATION SIGNALS FOR DEVICE-TO-
DEVICE COMMUNCATIONS

This application claims the priority and benefit of United States Provisional

Patent application 62/034,125, filed August 6, 2014, entitled "SYNCHRONIZATION

SIGNALS FOR DEVICE-TO-DEVICE COMMUNCATIONS", which is incorporated

herein by reference.

TECHNICAL FIELD

[0001] The technology relates to wireless communications, and particularly to

generation/transmission and reception/decoding of synchronization signals for wireless

device-to-device (D2D) communications.

BACKGROUND

[0002] When two user equipment terminals (e.g., mobile communication devices)

of a cellular network or other telecommunication system communicate with each other,

their data path typically goes through the operator network. The data path through the

network may include base stations and/or gateways. If the devices are in close

proximity with each other, their data path may be routed locally through a local base

station. In general, communications between a network node such as a base station and

a wireless terminal is known as "wide area network" ("WAN") or "Cellular

communication".

[0003] It is also possible for two user equipment terminals in close proximity to

each other to establish a direct link without the need to go through a base station.

Telecommunications systems may use or enable device-to-device ("D2D")

communication, in which two or more user equipment terminals directly communicate

with one another. In D2D communication, voice and/or data traffic (referred to herein

as "communication signals") from one user equipment terminal to one or more other

user equipment terminals may not be communicated through a base station or other

network control device of a telecommunication system. Device-to-device (D2D)

communication has more recently also become known as "sidelink direct

communication" or even "sidelink" communications, and accordingly is sometimes

abbreviated as "SLD" or "SL". As such, device-to-device (D2D), sidelink direct, and

sidelink are used interchangeably herein but all have the same meaning.



[0004] Various aspects of sidelink direct communications are described in one or

more of the following, all of which are incorporated herein by reference in their

entirety:

US Patent application 14/660,528, filed March 17, 2015;

US Patent application 14/660,491, filed March 17, 2015;

US Patent application 14/660,559, filed March 17, 2015;

US Patent application 14/660,587, filed March 17, 2015;

US Patent application 14/660,622, filed March 17, 2015;

US Patent application 14/749,898, filed June 25, 2015;

US Provisional Patent application 62/055,1 14, filed September 25, 2014;

US Provisional Patent application 62/104,365, filed January 16, 2015;

[0005] What is needed therefore, and an object of the technology disclosed herein,

are apparatus, methods, and techniques for carrying sufficient synchronization

information for D2D communications using a D2D synchronization signal.

SUMMARY

[0006] A user equipment (UE) may comprise a detector which is configured to

detect a first sidelink synchronization signal. The user equipment (UE) may comprise a

receiver which is configured to receive a physical sidelink channel. The physical

sidelink channel may carry information specifying whether or not a source of the first

sidelink synchronization signal is in-coverage. The first sidelink synchronization signal

may be generated by using at least a first identity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The foregoing and other objects, features, and advantages of the technology

disclosed herein will be apparent from the following more particular description of



preferred embodiments as illustrated in the accompanying drawings in which reference

characters refer to the same parts throughout the various views. The drawings are not

necessarily to scale, emphasis instead being placed upon illustrating the principles of

the technology disclosed herein.

[0008] Fig. 1A is a schematic view of an example generic embodiment of a radio

communications network in which a radio access node serves as a timing reference

source for device-to-device (D2D) communications by virtue of a device-to-device

(D2D) wireless terminal being in network coverage.

[0009] Fig. IB is a schematic view of an example generic embodiment of a radio

communications network in which an out-of-coverage device-to-device (D2D) wireless

terminal serves as a timing reference source for device-to-device (D2D)

communications.

[00010] Fig. 2A is a flowchart depicting basic, example acts or steps involved in a

generic method of operating a device-to-device (D2D) wireless terminal in a device

(D2D) synchronization signal D2DSS receiving mode.

[00011] Fig. 2B is a flowchart depicting basic, example acts or steps involved in a

generic method of operating a device-to-device (D2D) wireless terminal in a device-to-

device (D2D) synchronization signal D2DSS transmitting mode.

[00012] Fig. 3A is a diagrammatic view depicting an example, representative

device-to-device (D2D) synchronization signal which is configured to express plural

types of information transmitted between two devices.

[00013] Fig. 3B is a diagrammatic view depicting example, representative device-

to-device (D2D) synchronization signals, configured to express plural types of

information, involving three devices.

[00014] Fig. 4A - 4C are diagrammatic views depicting differing example modes of

subdividing set(s) of sequences from which the device-to-device (D2D)

synchronization signal D2DSS is selected or constructed according to different

categorization criteria.



[00015] Fig. 5 is a diagrammatic view depicting differing an example device-to-

device (D2D) synchronization signal D2DSS period.

[00016] Fig. 6 is a diagrammatic view depicting a device-to-device (D2D)

synchronization signal D2DSS comprising a sequence selected from a set of sequences

having different roots.

[00017] Fig. 7A - Fig. 7C are diagrammatic views depicting various manners of

constructing a device-to-device synchronization from plural sequences, including

example embodiments wherein each of the different sequences is utilized to express

different information.

[00018] Fig. 8A and Fig. 8B are diagrammatic views depicting various manners of

spacing of sequences within a frame to indicate information expressed by a device-to-

device (D2D) synchronization signal D2DSS.

[00019] Fig. 9A is a diagrammatic view depicting a first device-to-device (D2D)

synchronization signal D2DSS sequence definition alternative. Fig. 9B is a

diagrammatic view depicting a variation of the definition alternative of Fig. 9A.

[00020] Fig. 1OA is a diagrammatic view depicting a second device-to-device

(D2D) synchronization signal D2DSS sequence definition alternative. Fig. 10B is a

diagrammatic view depicting a variation of the definition alternative of Fig. 10A.

[00021] Fig. 11 is a schematic view illustrating an example embodiment of

electronic circuitry that may comprise a device-to-device (D2D) wireless terminal.

[00022] Fig. 12A and Fig. 12B are graphs showing hysteresis techniques for device-

to-device (D2D) synchronization signaling.

[00023] Fig. 13A and Fig. 13B are flowcharts showing basic, representative acts of

steps comprising methods of operating a wireless terminal.



DETAILED DESCRIPTION

[00024] D2D communication (also known as sidelink direct communications) can

be used in networks implemented according to any suitable telecommunications

standard. A non-limiting example of such as standard is the 3rd Generation Partnership

Project ("3GPP") Long Term Evolution ("LTE"). The 3GPP LTE is the name given to

a project to improve the Universal Mobile Telecommunications System ("UMTS")

mobile phone or device standard to cope with future requirements. The 3GPP standard

is a collaboration agreement that aims to define globally applicable technical

specifications and technical reports for third and fourth generation wireless

communication systems. The 3GPP may define specifications for next generation

mobile networks, systems, and devices. In one aspect, UMTS has been modified to

provide support and specification for the Evolved Universal Terrestrial Radio Access

("E-UTRA") and Evolved Universal Terrestrial Radio Access Network ("E-UTRAN").

E-UTRAN is another non-limiting example of a telecommunications standard with

which D2D communication may be used.

[00025] Again it is mentioned that device-to-device (D2D), sidelink direct, and

sidelink are used interchangeably herein but all have the same meaning. Device to

device (D2D) communications provide, for example, proximity-based applications and

services, representing an emerging social-technological trend. The introduction of a

Proximity Services (ProSe) capability in LTE allows the 3GPP industry to serve this

developing market, and, at the same time, serve the urgent needs of several Public

Safety communities that are jointly committed to LTE. The current assumptions related

to D2D communication is that a wireless terminal within network coverage uses

resources for D2D discovery and communication assigned by the controlling node. If

the wireless terminal is out of network coverage, it may use pre-assigned resources for

communications. If the wireless terminal incorrectly determines its situation of in/out

of network coverage, e.g., if the wireless terminal tries to use the pre-assigned resources

within network coverage, it may affect the current LTE networks with strong

interference and thereby be very dangerous.

[00026] In legacy LTE networks, at the physical layer, the UE needs to determine

time and frequency parameters that are necessarily to demodulate the downlink and to

transmit uplink signals with the correct timing by a series of synchronization

procedures. Legacy LTE synchronization signals are described below. Legacy LTE



synchronization signals comprise a primary synchronization signal (PSS), which is a

sequence generated from a frequency-domain Zadoff-Chu sequence, and a secondary

synchronization signal (SSS), which is an interleaved concatenation of two sequences

which are then scrambled with a scrambling sequence. A combination of PSS and SSS

is used to signify a physical-layer cell identity which is an identifier of the source (e.g.,

base station) of the synchronization signal.

[00027] For synchronization signals, there may be 504 unique physical-layer cell

identities. The physical-layer cell identities may be grouped into 168 unique physical-

layer cell-identity groups, each group containing three unique identities. The grouping

may be such that each physical-layer cell identity is part of one and only one physical-

layer cell-identity group. A physical-layer cell identity ¾ = N + N may be thus

uniquely defined by a number N in the range of 0 to 167, representing the physical-

layer cell-identity group, and a number N in the range of 0 to 2, representing the

physical-layer identity within the physical-layer cell-identity group.

[00028] For sequence generation of primary synchronization signal, the sequence

d(n) used for the primary synchronization signal may be generated from a frequency-

domain Zadoff-Chu sequence according to

e 63 « = 0,1,.. .,30
d ( ) . +l )( +2)

e ' 63 n = 31,32,.. .,61

where the Zadoff-Chu root sequence index u may be given by Table 1.

[00029] Table 1

[00030] For mapping of primary synchronization signal to resource elements, the

mapping of the sequence to resource elements may depend on the frame structure. The

UE may not assume that the primary synchronization signal is transmitted on the same

antenna port as any of the downlink reference signals. The UE may not assume that any

transmission instance of the primary synchronization signal is transmitted on the same



antenna port, or ports, used for any other transmission instance of the primary

synchronization signal. The sequence d(n) may be mapped to the resource elements

according to
a l =d(n), = 0,...,61

W L WR

where NR
SC

denotes a resource block size in the frequency domain, expressed as a

number of subcarriers and ND L RB denotes a downlink bandwidth configuration,

expressed in multiples of For frame structure type 1, the primary synchronization

signal may be mapped to the last OFDM symbol in slots 0 and 10. For frame structure

type 2, the primary synchronization signal may be mapped to the third OFDM symbol

in subframes 1 and 6 . Resource elements (k in the OFDM symbols used for

transmission of the primary synchronization signal where

n =-5,-4,... -1,62,63,.. .66

may be reserved and may not be used for transmission of the primary synchronization

signal.

[00031] For sequence generation of secondary synchronization signal, the sequence

d(0),..., d(6i) used for the second synchronization signal may be an interleaved

concatenation of two length-31 binary sequences. The concatenated sequence may be

scrambled with a scrambling sequence given by the primary synchronization signal.

The combination of two length-31 sequences defining the secondary synchronization

signal may differ between subframe 0 and subframe 5 according to

,("¾)
d(2n) Ό ( )CQ( ) in subframe 0

,("¾) (w)c0( ) in subframe 5

J ( ) i ( )¾"< ( ) in subframe 0

I Q (w)c1(n)z i ) (n) in subframe 5

where o< n <30 . The indices m and m may be derived from the physical-layer cell-

identity group N according to

0 = m'mod 3 1

m =(m + _ 3lJ+ l)mod 3 1

where the output of the above expression may be listed in Table 2 .



[00032] The two sequences may be defined as two different

cyclic shifts of the m-sequence ( ) according to

( ) = ((n + m0 ) mod 31)

s i ) n ) = (( + ∞ ) mod 3l)

where (o =1- 2 < i < 30 , may be defined by

x ( + 5) = (x ( + 2) + x (f))mod 2 , 0 < I < 25

with initial conditions 40) = o, 41) = o, 42) = o, 43) = o, x (4) = l .

[00033] The two scrambling sequences c0( ) and ( ) may depend on the primary

synchronization signal and may be defined by two different cyclic shifts of the m-

sequence c ( ) according to

c0( ) = ?(( + ) mod3 1)

(n) = c ((n + Ν >+ 3) mod 3 1)

where e {0,1,2} may be the physical-layer identity within the physical-layer cell

identity group N and c (i) = 1- 2 < i < 30 , may be defined by

x + 5) = (x J + 3) + x(i))mod 2 , 0 < J < 25

with initial conditions x(0) = o, x(i) = o, x(2) = o, x(3) = o, x (4) = l .

[00034] The scrambling sequences may be defined by a cyclic

shift of the m-sequence ( ) according to

= z n + m mod 8)) mod 3 1)

= z n + (∞ mod 8)) mod 3 1)

where m and m may be obtained from Table 2 and z ) = 1- 2 4 < i < 30 , may be

defined by

x ( + 5) = (x(F + 4) + x ( + 2) + x ( + 1) + x(0)mod 2 , 0 < J < 25

with initial conditions 40) = 0 , 41) = 0 , 42) = 0 , 43) = 0 , 44) = 1 .



[00035] Table 2

[00036] For mapping of secondary synchronization signal to resource elements, the

mapping of the sequence to resource elements may depend on the frame structure. In a

subframe for frame structure type 1 and in a half-frame for frame structure type 2, the

same antenna port as for the primary synchronization signal may be used for the

secondary synchronization signal. The sequence d(n) may be mapped to resource

elements according to
a k ,61

N sym —2 in slots 0 and 10 for frame structure type 1

sy b _ m s s 1a n d 11 f r frame structure type 2



where N D L
sym b denotes the number of OFDM symbols in a downlink slot. Resource

elements k , i) where

k = n - 3 \ + -
2

J - 2 in slots 0 and 10 for frame structure type 1

- 1 in slots 1and 11 for frame structure type 2

n = -5,-4,... -1,62,63,.. .66

may be reserved and may not be used for transmission of the secondary synchronization

signal.

[00037] For a D2D scheme, because of the existing out of coverage

communications, the synchronization source may not necessarily be an eNodeB. In fact,

the synchronization source may instead be a wireless terminal (UE). Moreover,

synchronization signals from different sources (e.g., eNodeB or UEs) may be relayed to

other UEs, e.g., through a series of hops or stratum levels. Different numbers of relays

(hops) may cause different timing accuracy. For example, with increasing number of

hops the accuracy of the synchronization signal may become increasingly suspect.

[00038] A wireless terminal (UE) participating in D2D communications may

receive multiple synchronization signals, and needs to choose an appropriate and

accurate synchronization signal to use for its own timing. That is, the wireless terminal

needs to distinguish such information when receiving multiple synchronization signals,

so as to get correct timing for communications, especially for an out of coverage

scenario.

[00039] Discussion is currently ongoing as to what kind of information should be

carried by D2D synchronization signal (D2DSS (also known as sidelink

synchronization signal (SLSS))), e.g., whether a particular physical D2D

synchronization channel (PD2DSCH) is needed; and, if it is needed, what kind of

information should be carried by PD2DSCH. As the synchronization signal (SS) itself

cannot carry any information bits and has limited capability to indicate information,

employment of a PD2DSCH as a kind of physical sidelink channel is plausible,

especially for out of coverage scenario. However, it would be preferable to save

PD2DSCH information bits for both transmission and reception, and thereby also save

energy.



[00040] In the following description, for purposes of explanation and not limitation,

specific details are set forth such as particular architectures, interfaces, techniques, etc.

in order to provide a thorough understanding of the technology disclosed herein.

However, it will be apparent to those skilled in the art that the technology disclosed

herein may be practiced in other embodiments that depart from these specific details.

That is, those skilled in the art will be able to devise various arrangements which,

although not explicitly described or shown herein, embody the principles of the

technology disclosed herein and are included within its spirit and scope. In some

instances, detailed descriptions of well-known devices, circuits, and methods are

omitted so as not to obscure the description of the technology disclosed herein with

unnecessary detail. All statements herein reciting principles, aspects, and embodiments

of the technology disclosed herein, as well as specific examples thereof, are intended to

encompass both structural and functional equivalents thereof. Additionally, it is

intended that such equivalents include both currently known equivalents as well as

equivalents developed in the future, i.e., any elements developed that perform the same

function, regardless of structure.

[00041] Thus, for example, it will be appreciated by those skilled in the art that

block diagrams herein can represent conceptual views of illustrative circuitry or other

functional units embodying the principles of the technology. Similarly, it will be

appreciated that any flow charts, state transition diagrams, pseudocode, and the like

represent various processes which may be substantially represented in computer

readable medium and so executed by a computer or processor, whether or not such

computer or processor is explicitly shown.

[00042] In one of its aspects the technology disclosed herein concerns a user

equipment (UE). In an example embodiment the UE may comprise: a receiver

configured to detect a first sidelink synchronization signal; and a controller configured

to acquire, from a physical sidelink channel, information specifying whether or not a

source of the first sidelink synchronization signal is in-coverage; wherein the first

sidelink synchronization signal is generated by using at least a first identity.

[00043] In an example embodiment the first sidelink synchronization signal may be

generated by further using a second identity. A range of the first identity may be [0,

1], and a range of the second identity may be [0-167].



[00044] In an example embodiment the value "0" of the first identity may

correspond to in-coverage and the value "1" of the first identity may correspond to out-

of-coverage.

[00045] In an example embodiment a root index of a sequence for the first sidelink

synchronization signal may be determined by using at least the first identity.

[00046] In an example embodiment the user equipment (UE) may further comprise:

a generator configured to generate a second sidelink synchronization signal; and a

transmitter configured to transmit the physical sidelink channel which carries

information specifying whether or not the user equipment (UE) is in-coverage; wherein

the second sidelink synchronization signal is generated by using at least the first

identity.

[00047] In an example embodiment the user equipment (UE) may comprise: a

generator configured to generate a sidelink synchronization signal; and a transmitter

configured to transmit a physical sidelink channel which carries information specifying

whether or not the user equipment (UE) is in-coverage; wherein the sidelink

synchronization signal is generated by using at least a first identity.

[00048] In an example embodiment the sidelink synchronization signal may be

generated by further using a second identity. A range of the first identity may be [0,

1], and a range of the second identity may be [0-167].

[00049] In an example embodiment the value "0" of the first identity may

correspond to in-coverage and the value "1" of the first identity may correspond to out-

of-coverage.

[00050] In an example embodiment a root index of a sequence for the sidelink

synchronization signal may be determined by using at least a first identity.

[00051] In an example embodiment a method in a user equipment (UE), which may

comprise: receiving a first sidelink synchronization signal; and acquiring from a

physical sidelink channel information specifying whether or not a source of the first

sidelink synchronization signal is in-coverage; wherein the first sidelink

synchronization signal is generated by using at least a first identity.



[00052] In an example embodiment the method may further comprise: generating a

second sidelink synchronization signal; and transmitting the physical sidelink channel

which carries information specifying whether or not the UE is in-coverage; wherein the

second sidelink synchronization signal is generated by using at least the first identity.

[00053] In an example embodiment a method in a user equipment (UE) may

comprise: generating a sidelink synchronization signal; and transmitting a physical

sidelink channel which carries information specifying whether or not the user

equipment (UE) is in-coverage; wherein the sidelink synchronization signal is

generated by using at least a first identity.

[00054] In an example embodiment a UE may comprise: a receiver configured to

measure a sidelink received power; and a transmitter configured to transmit a

synchronization signal if the sidelink received power is below a threshold.

[00055] In an example embodiment a method in a UE may comprise: measuring a

sidelink received power; and transmitting a synchronization signal if the sidelink

received power is below a threshold.

[00056] In another one of its aspects the technology disclosed herein concerns a

wireless terminal device capable of transmitting device-to-device communications to a

receiving wireless terminal device when the wireless terminal device is or in not within

coverage of a base station of a radio access network. In an example embodiment the

wireless terminal device may comprise processor circuitry and a transmitter. The

processor circuitry may be configured to generate a device-to-device synchronization

signal which is configured to express: (1) timing information based on a transmission

timing reference; (2) device-to-device synchronization source information of the

wireless terminal device; and (3) a stratum level of the wireless terminal device. The

stratum level may indicate relative device position of the wireless terminal device in a

consecutive chain of devices from a timing reference source. The transmitter may be

configured to transmit the device-to-device synchronization signal to the receiving

wireless terminal.

[00057] In an example embodiment and mode the device-to-device synchronization

signal may comprise a sequence selected from a set of plural sequences.



[00058] In an example embodiment and mode the set of plural sequences may be

subdivided based on stratum level.

[00059] In an example embodiment and mode the set of plural sequences may be

subdivided based on whether the timing reference is originally from a base station

device of the radio access network.

[00060] In an example embodiment and mode the set of plural sequences may be

subdivided based on (1) whether the timing reference is originally from a base station

device of the radio access network, and (2) whether the timing reference is not

originally from a base station device of the radio access network.

[00061] In an example embodiment and mode the device-to-device synchronization

signal may comprise a sequence selected from a set of plural sequences, and each of the

plural sequences of the set have a different root.

[00062] In an example embodiment and mode the set of plural sequences may

comprise a set of sequences from which a primary synchronization signal (PSS) is

selected for use by a base station device of the radio access network.

[00063] In an example embodiment and mode the processor circuitry may be

configured to generate plural instances of the device-to-device synchronization signal in

a time domain within a frame, and an interval between the plural instances indicates the

stratum level.

[00064] In an example embodiment and mode the device-to-device synchronization

signal may comprise a first sequence and a second sequence selected respectively from

a first set of plural sequences and a second set of plural sequences selected from a set of

plural sequences. In an example implementation, the first sequence may be selected to

indicate the stratum level. In an example implementation, each of the plural sequences

of the first set may have a different root. In an example implementation the first set of

plural sequences may comprise a set of sequences from which a primary

synchronization signal (PSS) may be selected for use by a base station device of the

radio access network. In an example implementation the second set of plural sequences

may comprise a set of sequences from which a secondary synchronization signal (SSS)

is selected for use by a base station device of the radio access network.



[00065] In an example embodiment and mode the second sequence may be selected

from the second set of sequences in a manner to indicate the stratum level.

[00066] In an example embodiment and mode the second set of plural sequences

may be partitioned into plural ranges, and wherein each of the plural ranges indicates a

different stratum level.

[00067] In an example embodiment and mode the second set of plural sequences

may comprise a set of sequences from which a secondary synchronization signal (SSS)

is selected for use by a base station device of the radio access network.

[00068] In an example embodiment and mode a spacing of the first sequence and

the second sequence within a frame may indicate the stratum level.

[00069] In another of its aspects the technology disclosed herein concerns a method

in a wireless terminal device capable of transmitting device-to-device communications

to a receiving wireless terminal device when the wireless terminal device is or in not

within coverage of a base station of a radio access network. In an example embodiment

and mode the method may comprise generating a device-to-device synchronization

signal; and transmitting the device-to-device synchronization signal to the receiving

wireless terminal. The device-to-device synchronization signal may be configured to

express: (1) timing information based on a transmission timing reference; (2) device-to-

device synchronization source information of the wireless terminal device; and (3) a

stratum level of the wireless terminal device, the stratum level indicating relative device

position of the wireless terminal device in a consecutive chain of devices from a timing

reference source.

[00070] In an example embodiment and mode the device-to-device synchronization

signal may comprise a sequence selected from a set of plural sequences.

[00071] In an example embodiment and mode the set of plural sequences may be

subdivided based on stratum level.

[00072] In an example embodiment and mode the set of plural sequences may be

subdivided based on whether the timing reference is originally from a base station

device of the radio access network.



[00073] In an example embodiment and mode the set of plural sequences may be

subdivided based on (1) whether the timing reference is originally from a base station

device of the radio access network, and (2) whether the timing reference is originally

from a base station device of the radio access network.

[00074] In an example embodiment and mode each of the plural sequences of the

set may have a different root.

[00075] In an example embodiment and mode the set of plural sequences may

comprise a set of sequences from which a primary synchronization signal (PSS) is

selected for use by a base station device of the radio access network.

[00076] In an example embodiment and mode the method may further comprise

generating plural instances of the device-to-device synchronization signal in a time

domain within a frame, and wherein an interval between the plural instances indicates

the stratum level.

[00077] In an example embodiment and mode the device-to-device synchronization

signal may comprise a first sequence and a second sequence selected respectively from

a first set of plural sequences and a second set of plural sequences selected from a set of

plural sequences.

[00078] In an example embodiment and mode the first sequence may be selected to

indicate the stratum level.

[00079] In an example embodiment and mode each of the plural sequences of the

first set may have a different root.

[00080] In an example embodiment and mode the second set of plural sequences

may comprise a set of sequences from which a secondary synchronization signal (SSS)

is selected for use by a base station device of the radio access network.

[00081] In an example embodiment and mode the second sequence may be selected

from the second set of sequences in a manner to indicate the stratum level.



[00082] In an example embodiment and mode the second set of plural sequences

may be partitioned into plural ranges, and wherein each of the plural ranges indicates a

different stratum level.

[00083] In an example embodiment and mode the second set of plural sequences

may comprise a set of sequences from which a secondary synchronization signal (SSS)

is selected for use by a base station device of the radio access network.

[00084] In an example embodiment and mode a spacing of the first sequence and

the second sequence within a frame may indicate the stratum level.

[00085] In another of its aspects the technology disclosed herein concerns a wireless

terminal device capable of receiving device-to-device communications from a

transmitting device when the wireless terminal device is or in not within coverage of a

base station of a radio access network. In an example embodiment and mode the

wireless terminal device may comprise a receiver configured to receive the device-to-

device synchronization signal from the transmitting device; and, processor circuitry

configured to detect the device-to-device synchronization signal and to obtain

therefrom: (1) timing information based on a transmission timing reference; (2) device-

to-device synchronization source information of the transmitting device; and (3) a

stratum level of the transmitting device. The stratum level may indicate relative device

position of the transmitting device in a consecutive chain of devices from a timing

reference source.

[00086] In an example embodiment and mode the device-to-device synchronization

signal may comprise a sequence selected from a set of plural sequences

[00087] In an example embodiment and mode the set of plural sequences may be

subdivided based on stratum level.

[00088] In an example embodiment and mode the set of plural sequences may be

subdivided based on whether the timing reference is originally from a base station

device of the radio access network.

[00089] In an example embodiment and mode the set of plural sequences may be

subdivided based on (1) whether the timing reference is originally from a base station



device of the radio access network, and (2) whether the timing reference is not

originally from a base station device of the radio access network.

[00090] In an example embodiment and mode each of the plural sequences of the

set may have a different root.

[00091] In an example embodiment and mode the set of plural sequences may

comprise a set of sequences from which a primary synchronization signal (PSS) is

selected for use by a base station device of the radio access network.

[00092] In an example embodiment and mode the processor circuitry may be

configured to detect plural instances of the device-to-device synchronization signal in a

time domain within a frame, and wherein an interval between the plural instances

indicates the stratum level.

[00093] In an example embodiment and mode the device-to-device synchronization

signal may comprise a first sequence and a second sequence selected respectively from

a first set of plural sequences and a second set of plural sequences selected from a set of

plural sequences.

[00094] In an example embodiment and mode the first sequence may be selected to

indicate the stratum level.

[00095] In an example embodiment and mode each of the plural sequences of the

first set may have a different root.

[00096] In an example embodiment and mode the first set of plural sequences may

comprise a set of sequences from which a primary synchronization signal (PSS) is

selected for use by a base station device of the radio access network.

[00097] In an example embodiment and mode the second set of plural sequences

may comprise a set of sequences from which a secondary synchronization signal (SSS)

is selected for use by a base station device of the radio access network.

[00098] In an example embodiment and mode the second sequence may be selected

from the second set of sequences in a manner to indicate the stratum level.



[00099] In an example embodiment and mode the second set of plural sequences

may be partitioned into plural ranges, and wherein each of the plural ranges indicates a

different stratum level.

[000100] In an example embodiment and mode the second set of plural sequences

may comprise a set of sequences from which a secondary synchronization signal (SSS)

is selected for use by a base station device of the radio access network.

[000101] In an example embodiment and mode a spacing of the first sequence and

the second sequence within a frame may indicate the stratum level.

[000102] In an example embodiment and mode the processor circuitry may be further

configured to determine whether to use the device-to-device synchronization signal as a

timing signal for the wireless terminal.

[000103] In an example embodiment and mode the processor circuitry may be further

configured to determine whether to use the device-to-device synchronization signal as a

timing signal for the wireless terminal based on received signal quality of the device-to-

device synchronization signal and the stratum level.

[000104] In an example embodiment and mode the processor circuitry may be further

configured to generate a further device-to-device synchronization signal, the further

device-to-device synchronization signal being configured to express: (1) the timing

information; (2) device-to-device synchronization source information of the wireless

terminal device; and (3) a stratum level of the wireless terminal; and further comprising

a transmitter configured to transmit the further device-to-device synchronization signal

to a further wireless terminal device.

[000105] In another of its aspects the technology disclosed herein concerns a wireless

terminal device capable of receiving device-to-device communications from a

transmitting device when the wireless terminal device is or in not within coverage of a

base station of a radio access network. In an example embodiment and mode the

method may comprise receiving from the transmitting device a device-to-device

synchronization signal which is configured to express: (1) timing information based on

a transmission timing reference; (2) device-to-device synchronization source

information of the wireless terminal device; and (3) a stratum level of the wireless



terminal device, the stratum level indicating relative device position of the wireless

terminal device in a consecutive chain of devices from a timing reference source; and

detecting the device-to-device synchronization signal to obtain: (1) the timing

information based on the transmission timing reference; (2) the device-to-device

synchronization source information of the transmitting device; and (3) the stratum level

of the transmitting device, the stratum level.

[000106] In an example embodiment and mode the device-to-device synchronization

signal may comprise a sequence selected from a set of plural sequences.

[000107] In an example embodiment and mode the set of plural sequences may be

subdivided based on stratum level.

[000108] In an example embodiment and mode the set of plural sequences may be

subdivided based on whether the timing reference is originally from a base station

device of the radio access network.

[000109] In an example embodiment and mode the set of plural sequences may be

subdivided based on (1) whether the timing reference is originally from a base station

device of the radio access network, and (2) whether the timing reference is not

originally from a base station device of the radio access network.

[000110] In an example embodiment and mode each of the plural sequences of the

set may have a different root.

[000111] In an example embodiment and mode the set of plural sequences may

comprise a set of sequences from which a primary synchronization signal (PSS) is

selected for use by a base station device of the radio access network.

[000112] In an example embodiment and mode the method may further comprise

obtaining plural instances of the device-to-device synchronization signal in a time

domain within a frame, and wherein an interval between the plural instances indicates

the stratum level.

[000113] In an example embodiment and mode the device-to-device synchronization

signal may comprise a first sequence and a second sequence selected respectively from



a first set of plural sequences and a second set of plural sequences selected from a set of

plural sequences.

[000114] In an example embodiment and mode the first sequence may be selected to

indicate the stratum level.

[000115] In an example embodiment and mode each of the plural sequences of the

first set may have a different root.

[000116] In an example embodiment and mode the first set of plural sequences may

comprise a set of sequences from which a primary synchronization signal (PSS) is

selected for use by a base station device of the radio access network.

[000117] In an example embodiment and mode the second set of plural sequences

may comprise a set of sequences from which a secondary synchronization signal (SSS)

is selected for use by a base station device of the radio access network.

[000118] In an example embodiment and mode the second sequence may be selected

from the second set of sequences in a manner to indicate the stratum level.

[000119] In an example embodiment and mode the second set of plural sequences

may be partitioned into plural ranges, and wherein each of the plural ranges indicates a

different stratum level.

[000120] In an example embodiment and mode the second set of plural sequences

may comprise a set of sequences from which a secondary synchronization signal (SSS)

is selected for use by a base station device of the radio access network.

[000121] In an example embodiment and mode a spacing of the first sequence and

the second sequence within a frame may indicate the stratum level.

[000122] In an example embodiment and mode the processor circuitry may be further

comprising determining whether to use the device-to-device synchronization signal as a

timing signal for the wireless terminal.



[000123] In an example embodiment and mode the method may further comprise

determining whether to use the device-to-device synchronization signal as a timing

signal for the wireless terminal based on received signal quality of the device-to-device

synchronization signal and the stratum level.

[000124] In an example embodiment and mode the method further may comprise

generating a further device-to-device synchronization signal, the further device-to-

device synchronization signal being configured to express: (1) the timing information;

(2) device-to-device synchronization source information of the wireless terminal

device; and (3) a stratum level of the wireless terminal; and transmitting the further

device-to-device synchronization signal to a further wireless terminal device.

[000125] As used herein, the term "device-to-device ("D2D") communication" or

"sidelink direct communication" can refer to a mode of communication between or

among wireless terminals that operate on a cellular network or other

telecommunications system in which the communication data traffic from one wireless

terminal to another wireless terminal does not pass through a centralized base station or

other device in the cellular network or other telecommunications system.

Communication data is sent using communication signals and can include voice

communications or data communications intended for consumption by a user of a

wireless terminal. Communication signals may be transmitted directly from a first

wireless terminal to a second wireless terminal via D2D communication. In various

aspects, all, some or none of the control signaling related to the D2D packet

transmission may be managed or generated by the underlying core network or base

station. In additional or alternative aspects, a receiver user equipment terminal may

relay communication data traffic between a transmitter user equipment terminal and

one or more additional receiver user equipment terminals.

[000126] As used herein, the term "core network" can refer to a device, group of

devices, or sub-system in a telecommunication network that provides services to users

of the telecommunications network. Examples of services provided by a core network

include aggregation, authentication, call switching, service invocation, gateways to

other networks, etc.



[000127] As used herein, the term "wireless terminal" and/or "wireless terminal

device" can refer to any electronic device used to communicate voice and/or data via a

telecommunications system, such as (but not limited to) a cellular network. Other

terminology used to refer to wireless terminals and non-limiting examples of such

devices can include user equipment terminal, UE, mobile station, mobile device, access

terminal, subscriber station, mobile terminal, remote station, user terminal, terminal,

subscriber unit, cellular phones, smart phones, personal digital assistants ("PDAs"),

laptop computers, netbooks, e-readers, wireless modems, etc.

[000128] As used herein, the term "access node", "node", or "base station" can refer

to any device or group of devices that facilitates wireless communication or otherwise

provides an interface between a wireless terminal and a telecommunications system. A

non-limiting example of a base station can include, in the 3GPP specification, a Node B

("NB"), an enhanced Node B ("eNB"), a home eNB ("HeNB") or some other similar

terminology. Another non-limiting example of a base station is an access point. An

access point may be an electronic device that provides access for wireless terminal to a

data network, such as (but not limited to) a Local Area Network ("LAN"), Wide Area

Network ("WAN"), the Internet, etc. Although some examples of the systems and

methods disclosed herein may be described in relation to given standards (e.g., 3GPP

Releases 8, 9, 10, 11, and/or 12), the scope of the present disclosure should not be

limited in this regard. At least some aspects of the systems and methods disclosed

herein may be utilized in other types of wireless communication systems.

[000129] As used herein, the term "telecommunication system" or "communications

system" can refer to any network of devices used to transmit information. A non-

limiting example of a telecommunication system is a cellular network or other wireless

communication system.

[000130] As used herein, the term "cellular network" can refer to a network

distributed over cells, each cell served by at least one fixed-location transceiver, such as

a base station. A "cell" may be any communication channel that is specified by

standardization or regulatory bodies to be used for International Mobile

Telecommunications- Advanced ("IMTAdvanced"). All or a subset of the cell may be

adopted by 3GPP as licensed bands (e.g., frequency band) to be used for

communication between a base station, such as a Node B, and a UE terminal. A cellular



network using licensed frequency bands can include configured cells. Configured cells

can include cells of which a UE terminal is aware and in which it is allowed by a base

station to transmit or receive information.

[000131] Fig. 1A shows an example communications system 20 wherein radio access

node, which may be a base station node (also called a base station device 22), serves a

cell 24 of a radio access network. Fig. 1A also shows first wireless terminal 26i, also

known as a first UE. The technology disclosed herein covers both the case wherein

wireless terminal 261 may be within coverage of the radio access network that includes

cell 24 (e.g., "within network coverage"), and the case in which wireless terminal 26i

is outside of coverage of the radio access network that includes cell 24 (e.g., "out[side]

of network coverage"). Fig. 1A shows the within network coverage scenario; Fig. IB

shows the out of network coverage.

[000132] For the case that wireless terminal 261 is within network coverage, the

wireless terminal 261 communicates over an air or radio interface with base station

device 22 and may receive an in-coverage transmission timing reference (TTRi) from

base station device 22. In an example embodiment, the in-coverage transmission

timing reference (TTRi) may be the primary synchronization signal (PSS) and/or the

secondary synchronization signal (SSS) transmitted by base station device 22. The

wireless terminal 261 may initiate and participate in device-to-device (D2D)

communications with another or second wireless terminal 262. In the case of Fig. 1A

the wireless terminal 261 detects the in-coverage transmission timing reference (TTRi)

received from base station device 22 and derives therefrom a first device-to-device

(D2D) synchronization signal (D2DSSi) that is included in a device-to-device (D2D)

transmission from wireless terminal 261 to wireless terminal 262. For its own device-to-

device (D2D) the wireless terminal 262 must determine its timing reference, and to do

so must choose from either the first device-to-device (D2D) synchronization signal

(D2DSSi) received from wireless terminal 26i or any other synchronization signals

other devices.

[000133] In an example embodiment the wireless terminal 262 of Fig. 1A may serve

as a relay for further transmitting the device-to-device (D2D) communications initiated

by wireless terminal 262 to third wireless terminal 263. Alternatively, a device-to-

device (D2D) communication may be initiated by wireless terminal 262 toward wireless



terminal 263. Based on its choice of timing reference, the wireless terminal 262

generates a second device-to-device (D2D) synchronization signal (D2DSS2) that is

included in a device-to-device (D2D) transmission from wireless terminal 262 to

wireless terminal 263.

[000134] Fig. 1A thus shows three "hops" or "stratum levels" that may be involved

in the receipt and generation of synchronization signals. As used herein, stratum level

indicates a relative device position of the wireless terminal device in a consecutive

chain of devices from a timing reference source. In the case of Fig. 1A, the chain of

devices comprises base station device 22, wireless terminal 261, wireless terminal 262,

and wireless terminal 263. In Fig. 1A the timing reference source is base station device

22, and the timing reference may be the primary synchronization signal (PSS) and/or

the secondary synchronization signal (SSS) transmitted by base station device 22. In

such case, the wireless terminal 261 is positioned at the first stratum level after a first

hop from base station device 22 to wireless terminal 261; the wireless terminal 262 is

positioned at the second stratum level after a second hop from wireless terminal 261 to

wireless terminal 262; and the wireless terminal 263 is positioned at the third stratum

level. In some implementations the first hop may be numbered as hop 1, the second

numbered as hop 2, the third hop number as hop 3, and so forth. In yet other

implementations first hop may be numbered as hop 0, the second numbered as hop 1,

the third hop number as hop 2, and so forth.

[000135] Fig. IB shows the wireless terminal 26i being out of network coverage. As

such, wireless terminal 261 does not receive a timing reference from base station device

22. Rather, wireless terminal 261 generates its own timing reference (D2DSSi') which

serves as the anchor timing reference, e.g., out-coverage transmission timing reference

(TTRo). The wireless terminal 26r thus becomes the timing reference source for a

chain of devices shown in Fig. IB. The chain of devices in Fig. IB comprises wireless

terminal 26i', wireless terminal 262' , and wireless terminal 263' . In such case, the

wireless terminal 262' is positioned at the first stratum level after a first hop from

wireless terminal 261' to wireless terminal 262' and the wireless terminal 263' is

positioned at the second stratum level after a second hop from wireless terminal 262' to

wireless terminal 263' .



[000136] As in the case of Fig. 1A, the wireless terminal 26i' of Fig. IB may initiate

device-to-device (D2D) communications with another or second wireless terminal 262' .

In the case of Fig. IB the wireless terminal 262' detects the out-coverage transmission

timing reference (TTRi), e.g., D2DSSi', received from wireless terminal 26i'. For its

own device-to-device (D2D) the wireless terminal 262' must determine its timing

reference, and to do so must choose from either the first device-to-device (D2D)

synchronization signal (D2DSSi') received from wireless terminal 26i' or any other

synchronization signals other devices. In an example embodiment the wireless terminal

262' of Fig. IB may serve as a relay for further transmitting the device-to-device (D2D)

communications initiated by wireless terminal 262' to third wireless terminal 263' .

Alternatively, a device-to-device (D2D) communication may be initiated by wireless

terminal 262' toward wireless terminal 263' . Based on its choice of timing reference,

the wireless terminal 262' generates a second device-to-device (D2D) synchronization

signal (D2DSS 2' ) that is included in a device-to-device (D2D) transmission from

wireless terminal 262' to wireless terminal 263' .

[000137] Fig. 1A and Fig. IB both show example constituent elements and/or

functionalities of the various wireless terminals, collectively and generically referred to

as wireless terminal device 26. Each wireless terminal 26 comprises radio interface

circuitry 30 comprising radio receiver (RX) or circuitry 32 and radio transmitter (TX)

circuitry 34. Each wireless terminal 26 further comprises device-to-device (D2D)

controller 40, which in turn comprises device-to-device (D2D) synchronization signal

(D2DSS) detector 42 and device-to-device (D2D) synchronization signal (D2DSS)

generator 44. The device-to-device (D2D) controller 40, including D2DSS detector 42

and D2DSS generator 44 is preferably realized by electronic circuitry 50 which may

include a computer processor, as shown in Fig. 11. It will also be appreciated that each

wireless terminal 26 includes other unillustrated functionalities and units pertinent to

the operation of wireless terminal 26, and that one or more of those unillustrated

functionalities and units may also be realized by electronic circuitry 50.

[000138] For each wireless terminal 26i, the radio receiver circuitry 32; is configured

to receive a device-to-device synchronization signal from a transmitting device. The

transmitting device may be the base station device 22 in the case of wireless terminal

26i of Fig. 1A, or the transmitting device may be another wireless terminal device 26i-i

in the case of any other wireless terminal 26i.



[000139] The D2DSS detector 42; of wireless terminal 26; is configured to decode

the device-to-device synchronization signal (D2DSS0 received from the transmitting

device, and to obtain therefrom the following: (1) timing information based on a

transmission timing reference; (2) device-to-device synchronization source information

(D2DSSII) of the transmitting device; and (3) a stratum level of the transmitting device.

[000140] The D2DSS generator 44; of wireless terminal 26; is configured to generate

a device-to-device synchronization signal which is configured to express: (1) timing

information based on a transmission timing reference; (2) device-to-device

synchronization source information of the wireless terminal device 26;; and (3) a

stratum level of the wireless terminal device 26i

[000141] For each wireless terminal 26i, the radio transmitter circuitry 34; is

configured to transmit the device-to-device synchronization signal to a receiving

wireless terminal, e.g., wireless terminal 26i+i .

[000142] As understood from the foregoing, the stratum level indicates relative

device position of the transmitting device in a consecutive chain of devices from a

timing reference source.

[000143] Fig. 2A depicts basic, example acts or steps involved in a generic method

of operating a device-to-device (D2D) wireless terminal in a device (D2D)

synchronization signal D2DSS receiving mode. Act 2A-1 comprises receiving from the

transmitting device a device-to-device synchronization signal which is configured to

express: (1) timing information based on a transmission timing reference; (2) device-to-

device synchronization source information of the transmitting device; and (3) a stratum

level of the transmitting wireless terminal device, the stratum level indicating relative

device position of the transmitting device in a consecutive chain of devices from a

timing reference source. Act 2A-2 may be performed by radio receiver circuitry 32.

Act 2A-2 comprises decoding the device-to-device synchronization signal to obtain: (1)

the timing information based on the transmission timing reference; (2) the device-to-

device synchronization source information of the transmitting device; and (3) the

stratum level of the transmitting device. Act 2A-2 may be performed by D2DSS

detector 42.



[000144] Act 2A-3 through and including act 2A-5 are optional steps. Act 2A-3

comprises determining whether to use the device-to-device synchronization signal as a

timing signal for the wireless terminal. In an example embodiment and mode such

determination may be based on received signal quality of the device-to-device

synchronization signal and the stratum level. Act 2A-4 comprises generating a further

device-to-device synchronization signal. Act 2A-4 may be performed by D2DSS

generator 44. The further device-to-device synchronization signal is configured to

express: (1) the timing information; (2) device-to-device synchronization source

information of the wireless terminal device; and (3) a stratum level of the wireless

terminal. Act 2A-5 comprises transmitting the further device-to-device synchronization

signal to a further wireless terminal device. Act 2A-5 may be performed by radio

transmitter circuitry 34.

[000145] Fig. 2B depicts basic, example acts or steps involved in a generic method of

operating a device-to-device (D2D) wireless terminal in a device-to-device (D2D)

synchronization signal D2DSS transmitting mode. Act 2B-1 comprises generating a

device-to-device synchronization signal which is configured to express: (1) timing

information based on a transmission timing reference; (2) device-to-device

synchronization source information of the wireless terminal device; and (3) a stratum

level of the wireless terminal device. Act 2B-1 may be performed by D2DSS generator

44. Act 2B-2 comprises transmitting the device-to-device synchronization signal to the

receiving wireless terminal. Act 2B-2 may be performed by radio transmitter circuitry

34.

[000146] Thus, the device-to-device synchronization signal of the technology

disclosed herein is configured to express: (1) timing information based on a

transmission timing reference; (2) device-to-device synchronization source information;

and (3) stratum level. Fig. 3A shows, in the context of the example case of Fig. 1A but

in representative fashion for other cases as well, an example, representative device-to-

device (D2D) synchronization signal D2DSSi which is transmitted from wireless

terminal 261 to wireless terminal 262. Fig. 3A shows the device-to-device (D2D)

synchronization signal D2DSS as expressing all three types of information. However,

the device-to-device (D2D) synchronization signal D2DSS does not contain separately

identifiable fields for the respective three types of information, but rather by its overall



content and/or manifestation (e.g., repetitive nature) in the time domain expresses all

three types of information.

[000147] Fig. 3B shows, also in the context of the example case of Fig. 1A but in

representative fashion for other cases as well, representative device-to-device (D2D)

synchronization signal D2DSSi which is transmitted from wireless terminal 261 to

wireless terminal 262 along with representative device-to-device (D2D) synchronization

signal D2DSS2 which is transmitted from wireless terminal 262 to wireless terminal 263.

In this regard, Fig. 3B also illustrates that any of the wireless terminals 26 described

herein may further comprise D2D synchronization signal selector 46 (although only

first wireless terminal 262 and first wireless terminal 263 but not first wireless terminal

261 are so illustrated in Fig. 3B). The D2D synchronization signal selector 46 is

configured to determine whether to use the device-to-device synchronization signal

(e.g., D2DSSi, or any other received device-to-device (D2D) synchronization signal) as

a timing signal for the wireless terminal. As mentioned above, in an example

embodiment and mode such determination may be based on received signal quality of

the device-to-device synchronization signal and the stratum level. Fig. 3B also shows

that (as aforementioned act 2A-4) the D2DSS generator 44 of wireless terminal 262

generates a further device-to-device synchronization signal, e.g., D2DSS2. The further

device-to-device synchronization signal D2DSS2is also configured to express the three

types of information: (1) the timing information; (2) device-to-device synchronization

source information of the wireless terminal device 262; and (3) a stratum level of the

wireless terminal 262. As act 2B-5 the transmitter 34 of second wireless terminal 262

transmits the further device-to-device synchronization signal D2DSS2 to a further

wireless terminal device, e.g., wireless terminal 263.

[000148] Fig. 3A and Fig. 3B both show the device-to-device (D2D) synchronization

signal D2DSS as expressing all three types of information. However, in an example

implementation the device-to-device (D2D) synchronization signal D2DSS does not

contain separately identifiable fields for the respective three types of information, but

rather by its overall content and/or manifestation (e.g., repetitive nature) in the time

domain expresses all three types of information.

[000149] In the above regard, in an example embodiment and mode the device-to-

device (D2D) synchronization signal D2DSS comprises one or more sequences. For



example, in some example embodiments and modes the device-to-device (D2D)

synchronization signal D2DSS may comprise a sequence selected from a set of plural

sequences. In such example embodiments and modes, the sequence is selected to

express all three types of information: (1) timing information based on a transmission

timing reference; (2) device-to-device synchronization source information; and (3)

stratum level. In other example embodiments and modes, the device-to-device (D2D)

synchronization signal D2DSScomprises a first sequence and a second sequence

selected respectively from a first set of plural sequences and a second set of plural

sequences selected from a set of plural sequences. In such example embodiments and

modes, the combination (e.g., concatenation) of the first sequence and the second

sequence expresses all three types of information: (1) timing information based on a

transmission timing reference; (2) device-to-device synchronization source information;

and (3) stratum level.

[000150] The set(s) of sequences from which the device-to-device (D2D)

synchronization signal D2DSS is selected or constructed may be divided or categorized

into one or more groups according to different categorization criteria, as illustrated in

Fig. 4A - Fig. 4C.

[000151] Fig. 4A illustrates that the set(s) of sequences may be subdivided based on

whether the timing reference is originally from a base station device of the radio access

network. Fig. 4A illustrates both a subset of sequences (D2DSSue_net) which may be

selected or used for construction of the device-to-device (D2D) synchronization signal

D2DSS when the timing reference is originally from a base station device (e.g., as

occurs with reference to base station device 22 in Fig. 1A), as well as a subset of

sequences (D2DSSue_oon) which may be selected or used for construction of the

device-to-device (D2D) synchronization signal D2DSS when the timing reference is not

originally from a base station device (e.g., as occurs in Fig. IB).

[000152] Fig. 4B illustrates that the set(s) of sequences may be subdivided based on

stratum level associated with the sequence. For example, one subdivision of the set(s)

of sequences may be used when the device-to-device (D2D) synchronization signal

D2DSS needs to express a first stratum level, a second subdivision of the set(s) of

sequences may be used when the device-to-device (D2D) synchronization signal

D2DSS needs to express a second stratum level, and so on.



[000153] Fig. 4C illustrates that the set(s) of sequences may be subdivided based on

(1) whether the timing reference is originally from a base station device of the radio

access network, and (2) whether the timing reference is originally from a base station

device of the radio access network.

[000154] In general operation, device-to-device (D2D) devices communicate with

each other across a radio interface using "frames" of information that are typically

formatted and prepared by a scheduler of the transmitting device. In Long Term

Evolution (LTE) a frame, which may have both downlink portion(s) and uplink

portion(s). Each LTE frame may have a duration of 10 milliseconds, and comprise

plural subframes. In the time domain, each LTE subframe is divided into two slots.

The transmitted signal in each slot is described by a resource grid comprised of

resource elements (RE).

[000155] A D2D synchronization source may transmit device-to-device (D2D)

synchronization signal D2DSS in a predetermined period. In some example

embodiments and modes, the D2DSS period is 40 ms, e.g., four radio frames, as shown

in Fig. 5 . D2DSS periods of other duration may be utilized, although period length

considerations described herein should preferably be observed for sake of compatibility

with and reuse of legacy LTE equipment. Fig. 5 also illustrates three alternative

examples of how synchronization signals may be utilized in selected frames of the

period.

[000156] As illustrated in Fig. 6 and explained further herein, for some example

embodiments and modes the plural sequences of the set(s) of sequences from which the

device-to-device (D2D) synchronization signal D2DSS is selected or constructed may

each have a different root. Fig. 6 shows that the selected sequence is selected based on

what the root represents. As also further explained herein, in some example

implementations the set of plural sequences comprise a set of sequences from which a

primary synchronization signal (PSS) is selected for use by a base station device of the

radio access network.

[000157] In other example embodiments and modes illustrated by Fig. 7A - Fig. 7C,

the device-to-device synchronization signal comprises a first sequence and a second

sequence selected respectively from a first set of plural sequences and a second set of



plural sequences selected from a set of plural sequences. The first sequence may be

referred to as a primary D2D synchronization signal (PD2DSS) and the second

sequence may be referred to as a secondary D2D synchronization signal (SD2DSS).

[000158] In example implementations represented by Fig. 7A the first sequence is

selected to indicate the stratum level. In some example, non-limiting implementations

each of the plural sequences of the first set from which the first sequence is selected

may have a different root. For example, the first set of plural sequences may comprise

a set of sequences from which a primary synchronization signal (PSS) is selected for

use by a base station device of the radio access network). Moreover for the Fig. 7B

situation the second set of plural sequences may comprise a set of sequences from

which a secondary synchronization signal (SSS) is selected for use by a base station

device of the radio access network.

[000159] In example implementations represented by Fig. 7B the second sequence

may be selected from a second set of sequences in a manner to indicate the stratum

level. For example, as shown in Fig. 7C, the second set of plural sequences may be

partitioned into plural ranges, with each of the plural ranges indicating a different

stratum level. In an example implementation, the second set of plural sequences may

comprise a set of sequences from which a secondary synchronization signal (SSS) is

selected for use by a base station device of the radio access network.

[000160] It has been explained above that the device-to-device synchronization

signal of the technology disclosed herein is configured to express: (1) timing

information based on a transmission timing reference; (2) device-to-device

synchronization source information; and (3) stratum level. As used herein, "device-to-

device synchronization source information" may include one or more of device-to-

device synchronization source identification information and device-to-device

synchronization source type information. There are several possible ways to define

device-to-device synchronization source information, e.g., D2D synchronization source

identifiers. A first definition occurs (is used to distinguish multiple candidates) when

there is an eNB source and non-eNB source (2 IDs are needed). A second definition

occurs when there is an eNB source, an in-coverage source, and an out-of-coverage

source (3 IDs or 2 IDs with hopping number are needed). A third definition occurs

when there is an eNB source and all other sources (independent synchronization cluster



heads) with their associated IDs (more than 100 IDs may be needed). A fourth

definition occurs when there is an eNB source, all other sources transmitting D2DSS

(independent synchronization cluster heads and UEs deriving timing from eNB or

independent sources) with their associated IDs (double or triple of IDs for the third

definition). Thus there are only two or three synchronization source IDs required for

first and second definitions, respectively. In that case, SD2DSS does not necessarily

carry synchronization source information; PD2DSS can be enough (see, e.g.,

Alternative 1.2 described below [which uses time domain spacing between two

PD2DSS if PD2DSS repeating is allowed for better detection energy accumulation] and

Alternatives 1.3 and 2). However, definitions 3 and 4 above reuse the method of legacy

LTE SS, which must use SD2DSS to carry synchronization source information, as

hundreds of independent SCHs may exist for out of coverage case and all of them

require IDs.

[000161] It should be mentioned that the primary D2D synchronization signal

(PD2DSS) and the secondary D2D synchronization signal (SD2DSS) are two signals,

instead of two physical channels. They may be in the relatively fixed position in a

frame (their positions can either be known or can be derived). For example, PD2DSS

may be in the 7th symbol of a first subframe of a LTE frame, and the associated

SD2DSS may be in the 6th symbol of that subframe. Therefore, when a PD2DSS is

detected by a D2DSS detector 42, the D2DSS detector 42 may go to the previous one

symbol to achieve obtain the SD2DSS. Furthermore, different D2DSS sequences are

mapped to the LTE frame structure via TDM; a synchronization period can consist of

multiple frames, so different D2DSS will be mapped to different frames, just go to

different frame to retrieve information of PD2DSS and associated SD2DSS.

[000162] In other example embodiments and modes represented by Fig. 8A and Fig.

8B, spacing of sequences within a frame (e.g., spacing within the time domain) may

indicate the information expressed by the device-to-device (D2D) synchronization

signal D2DSS, such as the stratum level.

[000163] For example, with reference to Fig. 8A, when only one sequence is utilized,

the interval at which the sequence is repeated in the frame may indicate an expressed

value. For example, if the sequence is repeated in two consecutive subframes (SFs) as

shown by the symbols with criss-cross hatching (in the first and second subframes of



Fig. 8A), a first value may be indicated. On the other hand, if the sequence is repeated

in a third and fifth subframes as shown by the symbols with stippled hatching (e.g., two

subframes separated by a subframe), a second value may be indicated. Other repetition

patterns may alternatively be used, the foregoing having been illustrated only for

representative example.

[000164] Fig. 8B shows a situation in which two sequence are utilized for the device-

to-device (D2D) synchronization signal D2DSS. Fig. 8B illustrates that a spacing of

the first sequence and the second sequence within a frame may indicate information

expressed by the device-to-device (D2D) synchronization signal D2DSS, e.g., the

stratum level. For example, in the first subframe the fact that the first sequence and the

second sequence are in adjacent symbols indicates a first value. On the other hand, if

the first sequence and the second sequence are separated by a predetermined number of

symbols, a second value may be indicated. For example, Fig. 8B depicts a second

value by the two sequences appearing in the third subframe being separated by two

symbols. Other separation amounts in other subframes, or combination of subframes,

may alternatively be used, to represent various other values.

[000165] Embodiments and modes including but not limited to those summarized

above are now described in more detail and/or with illustrative and non-limiting

examples. In many instances the terminology "UE" (which stands for user equipment)

may be used interchangeably with wireless terminal. Similarly, "eNB" or "eNodeB" or

the like may be used interchangeably with base station or base station device.

[000166] As explained above, a D2D synchronization source may transmit the

device-to-device (D2D) synchronization signal D2DSS in each period, e.g., 40 ms. As

shown in Fig. 5, The D2DSS may comprise two sequences, e.g. a primary D2D

synchronization sequence (PD2DSS) and a secondary D2D synchronization sequence

(SD2DSS). If the maximum allowed stratum level is three, PD2DSS sequences may be

selected from the set of LTE downlink PSS sequences, which are 62 length Zadoff-Chu

(ZC) sequence mapped centrally symmetric around D.C. frequency. If SD2DSS is

included, SD2DSS sequences may be selected from the set of LTE downlink SSS

sequences, which are M-sequences. If maximally more than three hops are allowed,

other ZC sequences (Other ZC root sequence indices other than PSS root indices ( " =



25, 29 and 34) used by LTE downlink PSS) with good periodic autocorrelation and

cross-correlation properties and associated M-sequences may be introduced.

[000167] Alternative Definitions

[000168] In example embodiments and modes the set of D2DSS sequences that can

be transmitted by a wireless terminal 26 (UE) may be divided into two groups and their

associated information to further describe them. Described herein are several

alternative definitions which may depending on such factors as (1) whether sequences

in D2DSSue_net can be relayed between two UEs; and (2) when the UE receives

PSS/SSS and transmits D2DSS in D2DSSue_net, whether the UE is regarded as the

original synchronization source of this D2DSSue_net timing, or whether the eNB is

regarded as the original synchronization source of this D2DSSue_net timing.

[000169] In Alternative A, D2DSSue_net is or comprises a set of D2DSS

sequence(s) transmitted by the UE when the transmission timing reference is PSS/SSS.

In other words, transmission timing of D2DSSue_net is derived directly from PSS/SSS

received by the UE (i.e. D2D Synchronization Source is eNB). Moreover,

D2DSSue_oon is or comprises a set of D2DSS sequence(s) transmitted by the UE when

the transmission timing reference is not an eNB. Multi-hop may be supported (in which

case transmission timing of D2DSSue_oon is not derived directly from legacy eNB

PSS/SSS. Transmission timing of D2DSSue_oon may be derived directly from

D2DSSue_oon or D2DSSue_net; no matter that original timing source is PSS/SSS or

not (i.e. D2D Synchronization Source is eNB or UE)).

[000170] Alternative A is illustrated, for example, in Fig. 9A. In Fig. 9A,

D2DSSue_oon_hopl_l means the D2DSS that the UE (e.g., UE4) sends to UE5 is

derived from the synchronization signal D2DSSue_oon that was originated but not

received by UE4). D2DSSue_oon_hop2_l means the D2DSS that the UE (e.g., UE5)

sends to UE6 is derived by UE5 from the synchronization signal

D2DSSue_oon_hopl_l that was received by UE5. D2DSSue_oon_hop3_l means the

D2D SS that the UE (e.g., UE6) sends to UE7 was derived by UE6 from the

synchronization signal D2DSSue_oon_hop2_l that was received by UE6.

D2DSSue_oon_hop3_0 means the D2DSS that the UE (e.g., UE 2) sends to UE3 was

derived from the synchronization signal D2DSSue_net received from UE1. (Note: it



means the UE2 receives D2DSS in D2DSSue_net and selects this eNB timing as its

timing, and transmits this timing by D2DSS in D2DSSue_oon_hop3_0). In this

structure, only hop3 need to be classified based on original timing source.

[000171] Alternative A', illustrated in Fig. 9A, is essentially the same as Fig. 9A

Alternative A except for the fact that in Alternative A ' the stratum level value X can be

0 to 3 and PSS/SSS is considered as hopO.

[000172] Alternative B is illustrated in Fig. 10A. In Alternative B D2DSSue_net is

or comprises a set of D2DSS sequence(s) transmitted by the UE when the transmission

timing reference is PSS/SSS. Multi-hop may be supported (e.g., transmission timing of

D2DSSue_net is originally from PSS/SSS)(i.e. D2D Synchronization Source is eNB)).

Transmission timing of D2DSSue_net is based on either PSS/SSS received by the UE

or D2DSSue_net received by the UE.

[000173] In Alternative B, D2DSSue_net_hopX is a definition of type of

D2DSSue_net. X can be 1 to 3 . X is defined based on hopping count, where PSS/SSS is

considered as hopl. For example, in Fig. 10A D2DSSue_net_hop2 means the D2DSS

that UE1 derives based on received PSS/SSS. D2DSSue_net_hop3 means the D2DSS

that UE2 derives based on received D2DSSue_net_hop2.

[000174] In Alternative B, D2DSSue_oon is or comprises a set of D2DSS

sequence(s) transmitted by the UE when the transmission timing reference is not an

eNB. Multi-hop may be supported (e.g., transmission timing of D2DSSue_oon is not

originally from PSS/SSS (i.e. D2D Synchronization Source is UE)). Transmission

timing of D2DSSue_oon is derived based on D2DSSue_oon received by the UE or UE

just decides the transmission timing without referring D2DSS. In Alternative B,

D2DSSue_oon_hopX is a definition of type of D2DSSue_oon. X can be 1 to 3 . X is

defined based on hopping count, where D2DSSue_oon transmission by the D2D

Synchronization Source is considered as hopl. For example in Fig. 10A,

D2DSSue_oon_hopl means the D2DSS that UE4 derives based on its own timing.

D2DSSue_oon_hop2 means the D2DSS that UE5 derives is based on received

D2DSSue_net_hopl.



[000175] Alternative Β ' , illustrated in Fig. 10B, resembles Alternative B of Fig. 10B

except that in Alternative B' of Fig. 10B X can be 0 to 3 and PSS/SSS is considered as

hopO.

[000176] D2D Sequence Grouping Alternative

[000177] As mentioned above, the technology disclosed herein encompasses various

D2D sequence grouping alternatives. Some of these alternatives are illustrated with

reference to Fig. 4A - 4C discussed briefly above.

[000178] Sequence Grouping Alternative W: Two sets of D2DSS sequence groups

are defined. One is D2DSSue_net and the other is D2DSSue_oon. See Fig. 4A.

[000179] Sequence Grouping Alternative X : Two sets of D2DSS sequence groups

are defined. One is D2DSSue_net and the other is D2DSSue_oon. Each sets of

D2DSS_sequence are divided into sub-groups based on stratum level X. See Fig. 4C.

[000180] Sequence Grouping Alternative Y: Two sets of D2DSS sequence groups

are defined. One is D2DSSue_net and the other is D2DSSue_oon. Each set of

D2DSS_sequence is divided into sub-groups based on synchronization source S.

Synchronization source represents the timing, so that the D2DSS from the same source

has the same timing. As explained before, synchronization source information may

mean synchronization source ID or synchronization source type. According to

Alternative 1, if the synchronization source information is synchronization source ID,

Sequence Grouping Alternative Y resembles Fig. 4A. In accordance with Alternative 2,

on the other hand, if synchronization source information is synchronization source type,

then D2DSSue_oon can further be divided into many small sub-groups, each sub-group

representing one out of coverage synchronization cluster head UE.

[000181] Sequence Grouping Alternative Z : Two sets of D2DSS sequence groups

are defined. One is D2DSSue_net and the other is D2DSSue_oon. Each sets of

D2DSS_sequence are divided into sub-groups based on X and S, understood in the

manner represented in Fig. 4C.



[000182] Mapping of D2DSS to Existing LTE Sequences

[000183] In some example embodiments and modes the D2DSS sequence groups

defined above may be mapped to the existing LTE downlink synchronization signal

sequences. Discussed below are Mapping Alternative 0 (with its sub-Alternatives 0-1

and 0-2); Mapping Alternative 1 (with its sub-Alternatives 1.1, 1.2, and 1.3); and

Mapping Alternative 2 .

[000184] Mapping Alternative 0 : The D2DSS ID is chosen based on set. D2DSS ID

represents a set of sequences. For example as similar to PSS and SSS, a physical-layer
2 _ (1) (2) (1)

D2D identity m J D thus uniquely defined by a number ro in the range of
(2)

0 to 167, representing the physical-layer D2D-identity group, and a number^ 1 in the

range of 0 to 2, representing the physical-layer identity within the physical-layer D2D-

identity group. Based on a physical-layer D2D identity, either or both of PD2DSS

sequence and SD2DSS sequence is generated. Root indices for the PD2DSS is mapped

as shown in Table 1.

[000185] Indices for the SD2DSS are defined based on physical-layer D2D-identity

group ro .

[000186] Mapping Alternative 0-1: m may be selected based on whether the source

is D2DSSue_net (e.g.O) or D2DSSue_oon (e.g., 1) so that PD2DSS sequence indicates

the source (e.g. eNB or UE). In other words, when hopping, the UE may select the

same N as the one which is used in the received PD2DSS. N 0 to 4 1 may represent

X=l, 42 to 83 may represent X=2, 84 to 125 may represent X=3.

Alternatively, N 0 to 4 1 may represents X=0, N 42 to 83 may represent X=l, N

84 to 125 may represent X=2, N 126 to 167 may represent X=3.

[000187] Mapping Alternative 0-2: N may be selected based on whether the

source is D2DSSue_net (e.g. N =0), D2DSSue_oon S=0 (e.g., ® =1), or

D2DSSue_oon S=l (e.g., N =2) SO that PD2DSS sequence indicates the source (e.g.

eNB, UE1 or UE2). In other words, when hopping, the UE may select the same N as

the one which is used in the received PD2DSS. N 0 to 4 1 may represent X=l, N -(1)



42 to 83 may represent X=2, N 84 to 125 may represent X=3. Alternatively, N 0

to 4 1 may represent X=0, N 42 to 83 may represent X=l, N 84 to 125 may

represent X=2, N 126 to 167 may represent X=3.

[000188] Mapping Alternative 1: The combinations of PSS sequences and SSS

sequences are used to represent different D2DSS sequence groups (which means when

two different D2DSS sequence groups select the same LTE downlink PSS sequence,

they select different SSS sequences). The ZC sequences with LTE downlink PSS

sequence root indices ( " = 25, 29 and 34) may represent current stratum level only, the

maximum allowed stratum level is assumed to be 3 .

[000189] Applying Mapping Alternative 1 to D2DSS sequence group definition

Alternative A : Both D2DSSue_oon_hop3_l and D2DSSue_oon_hop3_0 use the same

LTE downlink PSS sequence (one of the three ZC sequences from 11 = 25, 29 and 34) ),

which represents current stratum level = 3 . Both D2DSSue_oon_hop2_l and

D2DSSue_net use the same LTE downlink PSS sequence (one of the remaining two

ZC sequences from u = 25, 29 and 34), which represents current stratum level = 2 .

D2DSSue_oon_hopl_l uses the remaining one LTE downlink PSS sequence from =

25, 29 and 34, which represents current stratum level = 1. In another example

embodiment and mode the D2DSS sequences in D2DSSue_net and D2DSSue_oon may

consist of PD2DSS and SD2DSS, e.g., PD2DSS1 indicates eNB source, PD2DSS2

indicates UE source, SD2DSS 1 indicates 1 hop, then D2DSS1 consisting of PD2DSS1

and SD2DSS1 is in D2DSSue_net, while D2DSS2 consisting PD2DSS2 and SD2DSS1

is in D2DSSue_oon, so D2DSS1 and D2DSS2 are from different sets but have the same

SD2DSS.

[000190] Applying Mapping Alternative 1 to D2DSS sequence group definition

Alternative A': Both D2DSSue_oon_hop3_l and D2DSSue_oon_hop3_0 use the same

LTE downlink PSS sequence (one of the three ZC sequences from 11 = 25, 29 and 34) ),

which represents current stratum level = 3 . Both D2DSSue_oon_hop2_l and

D2DSSue_oon_hop2_0 use one LTE downlink PSS sequence from one of the

remaining sequences with 1 = 25, 29 and 34, which represents current stratum level = 2 .

Both D2DSSue_oon_hopl_l and D2DSSue_net use the remaining one LTE downlink

PSS sequence from 11 = 25, 29 and 34, which represents current stratum level = 1.



[000191] Applying Mapping Alternative 1 to D2DSS sequence group definition

Alternative B : Both D2DSSue_net_hop3 and D2DSSue_oon_hop3 use the same LTE

downlink PSS sequence (one of the three ZC sequences from u = 25, 29 and 34)), which

represents current stratum level = 3 . Both D2DSSue_net_hop2 and

D2DSSue_oon_hop2 use the same LTE downlink PSS sequence (one of the remaining

two ZC sequences from = 25, 29 and 34), which represents current stratum level = 2 .

D2DSSue_oon_hopl uses the remaining one LTE downlink PSS sequence from 11 = 25,

29 and 34), which represents current stratum level = 1.

[000192] Applying Mapping Alternative 1 to D2DSS sequence group definition

Alternative B' : Both D2DSSue_net_hop3 and D2DSSue_oon_hop3 use the same LTE

downlink PSS sequence (one of the three ZC sequences from 11 = 25, 29 and 34)), which

represents current stratum level = 3 . Both D2DSSue_net_hop2 and

D2DSSue_oon_hop2 use the same LTE downlink PSS sequence (one of the remaining

two ZC sequences from 11 = 25, 29 and 34), which represents current stratum level = 2 .

Both D2DSSue_net_hopl and D2DSSue_oon_hopl use the remaining one LTE

downlink PSS sequence from 11 = 25, 29 and 34), which represents current stratum level

= 1.

[000193] For Mapping Alternative 1, the synchronization source information can be

carried by SD2DSS, or the sequence spacing in time domain, or even PD2DSCH.

[000194] Mapping Alternative 1.1: One SSS sequence out of 168*3=504 SSS

sequences is selected by SD2DSS and specified to represent eNB synchronization

source. The remaining 503 SD2DSS sequences represent UE synchronization source

IDs.

[000195] Mapping Alternative 1.2: The spacing in time domain between PD2DSS

and SD2DSS, or spacing in time domain between different PD2DSS if repeating

PD2DSS sequence is allowed, or spacing in time domain between different SD2DSS if

repeating SD2DSS sequence is allowed, is used to distinguish eNodeB synchronization

source and UE synchronization sources. For example, if PD2DSS and SD2DSS are in

consecutive time positions, it represents the synchronization source is eNodeB; if there

is fixed number of spacing, e.g., 2 symbols, between them, it represents the

synchronization source is UE.



[000196] Mapping Alternative 1.3: PD2DSCH information bit(s) are used to

represent the device-to-device synchronization source information. This alternative may

be applied on top of the above-described alternatives.

[000197] In Mapping Alternative 1, if more than 3 hops are allowed and 3 LTE

downlink PSS sequence root indices are not enough to represent all stratum levels, ZC

sequences with other sequence root indices may be used. Correspondingly, more

D2DSS groups are defined. They may follow the same method mapping to ZC

sequences and M-sequences.

[000198] Mapping Alternative 2.0: As discussed in Mapping Alternative 1, if there

are totally 5 or 6 types of D2DSS information that need to be carried, they can be

mapped to ZC sequences with 4 to 6 different sequence root indices ( 1 = 25, 29 and 34

plus 1 to 2 extra indices) directly. In this case, the D2DSS is not needed to include

SD2DSS for carrying such information.

[000199] As discussed herein, the number of PD2DSS sequences/symbols in a sub-

frame depends on the D2D synchronization periodicity and chip or symbol level

detection method. In one Alternative (Alternative a), one PD2DSS symbol is allowed

in a sub-frame (e.g., for scenarios with detection search window similar to LTE PSS

signal). In another Alternative (Alternative b), two or more PD2DSS symbols are

allowed in a sub-frame (e.g., for scenarios with detection search window much larger

than LTE legacy one). In this Alternative b case, all PD2DSS symbols use the same

root indices.

[000200] In each synchronization period, the resource allocation method for

PD2DSS with different stratum level and same synchronization source may be Time

Division Multiplexing (TDM)

[000201] In each frame, the PD2DSS may be in any known fixed symbol position for

frame timing obtaining.

[000202] Fig. 5 depicts one example of how to map D2D signals on the LTE frame

with TDM resource allocation. The example of Fig. 5 is for a general case: FDD mode,

maximum 3 hops allowed, 40 ms period, and 1 PD2DSS symbol in a sub-frame. In each

frame within each synchronization period, one particular D2DSS is mapped and placed



in some position. Fig. 5 provides some alternative examples for the mapping

relationship.

[000203] In general, solutions described herein try to reuse LTE legacy

synchronization design as much as possible so as to minimize specification work and

implementation complexity, but carrying enough D2D information for D2DSS selection.

On the other hand, one difference between LTE legacy synchronization design and the

D2D synchronization design is energy consumption issue, as legacy LTE

synchronization signal comes from eNodeB, while D2DSS normally comes from UE.

This problem may be solved by multiple D2DSS TDM resource allocation and

synchronization period control.

[000204] Another aspect of synchronization, and the technology disclosed herein,

concerns when a wireless terminal (e.g., UE) becomes a synchronization source once it

is out of network. Although it may be well known (see RANI Reflector L I D2D

parameters) if the maximum received D2D power (or some norm thereof) falls below a

threshold, this in itself is not sufficient to keep the synchronization source capability of

the U E from "thrashing" back and forth in time. Rather, it is necessary to build some

hysteresis into the system. Two alternative ways of achieving this are shown by Fig.

12A and Fig. 12B. Fig. 12A show shows the use of two thresholds. The threshold

Thresh_synch_low is based on the prior art. The new threshold Thresh_synch_high

must be exceeded by the maximum received D2DSS power before the U E relinquishes

its role as a synchronization source. In other words, if the maximum received D2DSS

power is below the new threshold Thresh_synch_high, the UE keeps its role as the

synchronization source. Alternatively, Fig. 12B shows a time domain approach wherein

at least T_Thresh_exceeded seconds must pass once the maximum received D2DSS power

exceeds a threshold before the U E relinquishes its role as synchronization source. The

values Thresh_synch_low , Thresh_synch_high , and T Thresh_exceeded may be signaled by

Radio Resource Control (RRC) messages.

[000205] The "timing information" expressed by the D2DSS encompasses the aspect

that, when the wireless terminal receives signals, the wireless terminal knows where is

the beginning of the frame, the beginning of a sub-frame, etc. For example, using the

timing information enables the wireless terminal to know, e.g., PD2DSS is located in

the first symbol of each frame, then when a PD2DSS is detected (when the wireless



terminal uses a proper PD2DSS sequence to detect and matches the received PD2DSS

sequence, there will be an energy peak indicating the signal is detected) during

synchronization, the wireless terminal knows the location of the starting symbol of a

frame.

[000206] It was mentioned above that certain units and functionalities of the wireless

terminal may be implemented by electronic circuitry 50. Fig. 11 shows an example of

such electronic circuitry 50 as comprising one or more processors 90, program

instruction memory 92; other memory 94 (e.g., RAM, cache, etc.); input/output

interfaces 96; peripheral interfaces 98; support circuits 99; and busses 100 for

communication between the aforementioned units.

[000207] The memory 94, or computer-readable medium, may be one or more of

readily available memory such as random access memory (RAM), read only memory

(ROM), floppy disk, hard disk, flash memory or any other form of digital storage, local

or remote, and is preferably of non-volatile nature. The support circuits 99 are coupled

to the processors 90 for supporting the processor in a conventional manner. These

circuits include cache, power supplies, clock circuits, input/output circuitry and

subsystems, and the like.

[000208] Thus, as explained herein, the D2DSS should carry by itself at least the

information of synchronization source and current stratum level so as to make itself

distinguishable, no matter whether there is PD2DSCH supplying information or not.

Being different from PD2DSCH (which can carry information bits at the cost of higher

complexity channel forward error correction coding and modulation), the D2D

synchronization signal itself has limited capability to carry information.

[000209] In the frequency domain, it has been made as 3GPP working assumption

that D2DSS (PD2DSS and SD2DSS) are transmitted in the central six Resource Blocks

(RBs) enabling the frequency mapping of the synchronization signals to be invariant

with respect to the system bandwidth.

[000210] As described herein, there are several methods which can be adopted by

D2DSS to carry information: (1) PD2DSS from different ZC root sequence indices; (2)

SD2DSS from different cyclic shift indices and ZC root sequence indices; (3)



predefined fixed sequence positions (time domain); (4) predefined fixed sequence

gap/distance (time domain) between sequences (between two PD2DSS sequences, or

between two SD2DSS sequences, or between PD2DSS and SD2DSS sequences).

[000211] In the design of D2D synchronization signal, flexibility is provided to

select one or combinations of above methods to carry necessary D2DSS information.

However, considering the typical range of D2DSS information (2 synchronization

source types (eNodeB and UE) and maximum 3 hops), some method with particular

synchronization signal structure may be used, so as to reuse the legacy LTE

synchronization signal design as much as possible and minimize specification and

implementation work.

[000212] Same as legacy LTE PSS, the PD2DSS may be constructed from a

frequency-domain Zadoff-Chu (ZC) sequence of length 63, with the middle element

punctured to avoid transmitting on the d.c. (direct current) subcarrier. The set of ZC

root sequence indices used in legacy LTE are " = 25, 29 and 34 and selected for their

good periodic autocorrelation and cross-correlation properties, which are enough to

carry either information of synchronization source type or current stratum level. To

make the best use of the existing PSS, the three legacy PSS sequences may be used to

represent 1, 2 and 3 hops respectively. Meanwhile, same as legacy LTE SSS, the

SD2DSS comes from maximum length sequence (M-sequence) based on a 5-bit shift

register. Each SD2DSS sequence is constructed by interleaving, in the frequency

domain, two length 25 - 1 = 3 1 M-sequence. These two sequences are two different

cyclic shifts of a single length-31 M-sequence. The cyclic shift indices of the M-

sequence are derived from a function of the physical-layer cell identities (PCI) group.

In legacy LTE, there are 168 different SSS sequences associated with each of the three

legacy PSS, which are good candidates to carry large information.

[000213] Similar to Physical Cell Identity (PCID) in cellular communication, a

PSSID (Physical Synchronization Source IDentity) may be used for randomizing

signals and interference, e.g., scrambling. In addition, it can be used to provide

synchronization source information for D2DSS selection. The existing legacy SSS

sequences are enough to be used for encoding the PSSID. According the evaluations in

Rl- 1353 16, Multi-hop D2D synchronization performance [incorporated herein by



reference in its entirety], it is observed that the maximum number of synchronization

sources a D2D UE is able to find is around 135 for 3-hop and 60 for 4-hop.

[000214] D2D wireless terminals need to monitor a set of synchronization signals.

This can be achieved by TDM between D2DSS associated to different hop counts and

different synchronization source types for better spectrum efficiency. There is an

agreement in previous 3GPP meetings that single frequency network (SFN)

transmission is allowed for D2DSS, which means if the transmissions from different

synchronization sources are strictly synchronized, the receiver UE will see a combined

synchronization signal as if it is transmitted from just one synchronization source. In

D2D communications, during each SS hopping, because of frequency mismatched in

the transmitter and the receiver local oscillator, there is potential synchronization

frequency offset existing which may cause timing inaccuracy. Therefore, the D2DSS

with timing derived from the same synchronization source and with the same stratum

level may occupy the same position in time domain with the same sequence for SFN

transmission.

[000215] Furthermore, the periodicity of D2DSS may be related to idle UEs power

consumption and implementation complexity. It has been made as working assumption

that D2DSS period is not smaller than 40 ms, while the legacy LTE synchronization

signal is transmitted twice per radio frame (5 ms periodicity). Since the legacy LTE

adopts chip level hypothesis search for synchronization sequence, if the

synchronization period is too long, e.g., 1 second, with relatively small number of TDM

sequences occupying time domain positions, as mentioned in Rl-133598, Techniques

for Synchronization [incorporated herein by reference in its entirety], the receiver

complexity becomes unacceptable, hence repeating PD2DSS in consecutive time

domain positions results in a symbol level search for less complexity. On the contrary,

if the sequence search window (between two consecutive PD2DSS) is close to the one

of legacy LTE synchronization signals, reusing legacy LTE chip based receiver

structure is more efficient with less implementation complexity issue. In such a case,

multiple PD2DSS synchronization sequences (repeated sequences or TDM multi-user

sequences) in each period are transmitted to accumulate correlation values from the

matched filter to improve synchronization signal detection performance.



[000216] By way of recap, current 3GPP agreements define two sets of D2DSS

(D2DSSue_net and D2DSSue_oon), which are used to distinguish in-coverage and out-

of-coverage synchronization sources. However, current 3GPP agreements do not

actually define what is a synchronization source. As explained herein, there may be

four types of synchronization source definitions.

[000217] Based on the D2DSS sets defined herein, the technology disclosed herein

further defines D2DSS subsets based on, e.g., synchronization source and hopping

number. If both PD2DSS and SD2DSS are included in D2DSS, each individual

D2DSS sequence actually means a combination of PD2DSS and SD2DSS. Therefore

two D2DSS sequence belonging to two different subsets may have the same PD2DSS

or SD2DSS, but may not have totally the same PD2DSS and SD2DSS.

[000218] If a sync source adopts definition (1) or (2), there are only 5 to 6 types

D2DSS existing, so that either Alternative 1.2, Alternative 1.3 or Alternative 2 may be

used. If the sync source definition adopts definition (1), hundreds of synchronization

source IDs may exist, in which case Alternative 0 and Alternative 0 1.1 may be used

(and in which case a relationship is set up between defined D2DSS belonging to each

D2DSS subsets and the existing legacy LTE PSS/SSS sequences).

[000219] In Alternative 1.1, the first thing is to map the legacy LTE PSS sequences

to the PD2DSS sequences of each D2DSS group, indicating the stratum level of D2DSS

in that group; then 168*3 = 504 legacy LTE SSS sequences are mapped to the SD2DSS

sequences of each D2DSS group, indicating the synchronization source via different ID.

How to map SD2DSS is flexible.

[000220] In alternative 0, depending on X and S, the Mapping method is explicitly

specified, but stratum level is no longer be represented by PD2DSS ZC sequences. For

example, in alternative 0-2, D2DSSue_oon_S=0_X=l, where X is hopping number,

consists of PD2DSS (uses PSS with ZC u=29) and SD2DSS (uses SSS with N
> = 1 and

N from 0 to 41); as comparison, D2DSSue_oon_S=0_X=2 consists of PD2DSS (uses

PSS with ZC u=29) and SD2DSS (uses SSS with N = 1 and N from 42 to 83) .

Therefore, stratum level actually is distinguished from SD2DSS, instead of PD2DSS in

alternative 1.1



[000221] Simply speaking, the fundamental purpose of synchronization is the

wireless terminals can have a correctly common timing to communicate with each other.

As described herein, the synchronization signals of the technology disclosed herein

themselves may carry other information. A receiver, such as D2DSS detector 42 of a

wireless terminal 26, periodically checks a search window looking for synchronization

signals (sequences). An example of such a search window may be as illustrated in Fig.

5 . For example, during one window (in one 40 ms sync period), the UE may detect one

1-hop, one 2-hop and one 3-hop D2DSS and their corresponding synchronization

sources (the UE can know these because they do not occupy the same time position

(TDM). In addition, the detection is in physical layer, which in some ways is like a

matched filter. The UE uses different ZC sequences to detect ZC sequences. Because

of good autocorrelation and crosscorrelation properties, when the UE detects a high

energy peak with some particular ZC sequence with particular root index, the UE

knows what information is carried in this sequence. Then the UE compares the

measured synchronization signal strength, the stratum level and the synchronization

source and decides which D2DSS it will use. There are several alternative selection

methods. For example, if the UE should follow the rule that it should always

synchronize to eNB timing, then no matter what the current stratum level is (within

maximum allowed one), it will select the D2DSS with eNB timing as its timing. Then,

according to this D2DSS, for example, it is in UE's memory that PD2DSS is always in

the second symbol of the third subframe of a frame, the UE can derive the boundary of

the frame, then the UE can communicate with the sender.

[000222] From the foregoing it is understood that the technology disclosed herein

encompasses a method in a wireless terminal as shown by the representative, basic acts

or steps of Fig. 13A. Act 13A-1 comprises the wireless terminal receiving a first

sidelink synchronization signal (also known herein as a first D2D synchronization

signal). Act 13A-2 comprises the wireless terminal obtaining from a physical sidelink

channel, information specifying whether or not a source of the first sidelink

synchronization signal is in-coverage. As explained previously, the first sidelink

synchronization signal is generated by using at least a first identity.

[000223] From the foregoing it is also understood that the technology disclosed

herein encompasses a method in a wireless terminal as shown by the representative,

basic acts or steps of Fig. 13B. Act 13B-1 comprises the wireless terminal generating a



sidelink synchronization signal (also known herein as a D2D synchronization signal).

Act 13B-2 comprises the wireless terminal transmitting a physical sidelink channel

which carries information specifying whether or not the wireless terminal (UE) is in-

coverage. Again, the sidelink synchronization signal is generated by using at least a

first identity.

[000224] Some the terminology employed for concepts as described herein has been

updated or changed in more recent industry documentation, such as the 3GPP Technical

Standards, for example. As mentioned above, "device-to-device (D2D)" is now also

called "sidelink direct". Some other terminology has also changed, a partial listing

appearing in Table 3 below.

[000225] Table 3 : Terminology

[000226] The technology disclosed herein provides numerous benefits. For example,

the technology disclosed herein proposes that synchronization source information and

current stratum level information be carried in D2DSS. The technology disclosed herein

defines new types of sequence groups which can be used by D2DSS, so as to include

synchronization source information and current stratum level information in the

definition of groups. The technology disclosed herein maps the new sequence groups

to the existing LTE sequences to obtain D2DSS. According to embodiments of the

technology disclosed herein, D2DSS with different stratum level are TDMed in each

D2D synchronization period for better spectrum efficiency.



[000227] Those skilled in the art will appreciate that the functions described may be

implemented in one or more nodes using optical components, electronic components,

hardware circuitry (e.g., analog and/or discrete logic gates interconnected to perform a

specialized function, ASICs, PLAs, etc.), and/or using software programs and data in

conjunction with one or more digital microprocessors or general purpose computers.

Moreover, certain aspects of the technology may additionally be considered to be

embodied entirely within any form of computer-readable memory, such as, for

example, solid-state memory, magnetic disk, optical disk, etc containing an appropriate

set of computer instructions that may be executed by a processor to carry out the

techniques described herein.

[000228] The term "electrical signal" is used herein to encompass any signal that

transfers information from one position or region to another in an electrical, electronic,

electromagnetic, optical, or magnetic form. Electrical signals may be conducted from

one position or region to another by electrical, optical, or magnetic conductors

including via waveguides, but the broad scope of electrical signals also includes light

and other electromagnetic forms of signals (e.g., infrared, radio, etc.) and other signals

transferred through non-conductive regions due to electrical, electronic,

electromagnetic, or magnetic effects, e.g., wirelessly. In general, the broad category of

electrical signals includes both analog and digital signals and both wired and wireless

mediums. An analog electrical signal includes information in the form of a

continuously variable physical quantity, such as voltage; a digital electrical signal, in

contrast, includes information in the form of discrete values of a physical characteristic,

which could also be, for example, voltage.

[000229] Unless the context indicates otherwise, the terms "circuitry" and "circuit"

refer to structures in which one or more electronic components have sufficient electrical

connections to operate together or in a related manner. In some instances, an item of

circuitry can include more than one circuit. A "processor" is a collection of electrical

circuits that may be termed as a processing circuit or processing circuitry and may

sometimes include hardware and software components. In this context, software refers

to stored or transmitted data that controls operation of the processor or that is accessed

by the processor while operating, and hardware refers to components that store,

transmit, and operate on the data. The distinction between software and hardware is not

always clear-cut, however, because some components share characteristics of both. A



given processor-implemented software component can often be replaced by an

equivalent hardware component without significantly changing operation of circuitry,

and a given hardware component can similarly be replaced by equivalent processor

operations controlled by software.

[000230] Hardware implementations of certain aspects may include or encompass,

without limitation, digital signal processor (DSP) hardware, a reduced instruction set

processor, hardware (e.g., digital or analog) circuitry including but not limited to

application specific integrated circuit(s) (ASIC) and/or field programmable gate

array(s) (FPGA(s)), and (where appropriate) state machines capable of performing such

functions.

[000231] Moreover, each functional block or various features of the base station

device and the terminal device (the video decoder and the video encoder) used in each

of the aforementioned embodiments may be implemented or executed by a circuitry,

which is typically an integrated circuit or a plurality of integrated circuits. The circuitry

designed to execute the functions described in the present specification may comprise a

general-purpose processor, a digital signal processor (DSP), an application specific or

general application integrated circuit (ASIC), a field programmable gate array signal

(FPGA), or other programmable logic devices, discrete gates or transistor logic, or a

discrete hardware component, or a combination thereof. The general-purpose processor

may be a microprocessor, or alternatively, the processor may be a conventional

processor, a controller, a microcontroller or a state machine. The general-purpose

processor or each circuit described above may be configured by a digital circuit or may

be configured by an analogue circuit. Further, when a technology of making into an

integrated circuit superseding integrated circuits at the present time appears due to

advancement of a semiconductor technology, the integrated circuit by this technology is

also able to be used.

[000232] Circuitry can be described structurally based on its configured operation or

other characteristics. For example, circuitry that is configured to perform control

operations is sometimes referred to herein as control circuitry and circuitry that is

configured to perform processing operations is sometimes referred to herein as

processing circuitry.



[000233] In terms of computer implementation, a computer is generally understood

to comprise one or more processors or one or more controllers, and the terms computer,

processor, and controller may be employed interchangeably. When provided by a

computer, processor, or controller, the functions may be provided by a single dedicated

computer or processor or controller, by a single shared computer or processor or

controller, or by a plurality of individual computers or processors or controllers, some

of which may be shared or distributed.

[000234] Nodes that communicate using the air interface also have suitable radio

communications circuitry. Moreover, the technology can additionally be considered to

be embodied entirely within any form of computer-readable memory, such as solid-

state memory, magnetic disk, or optical disk containing an appropriate set of computer

instructions that would cause a processor to carry out the techniques described herein.

[000235] Although the description above contains many specificities, these should

not be construed as limiting the scope of the technology disclosed herein but as merely

providing illustrations of some of the presently preferred embodiments of the

technology disclosed herein. Thus the scope of the technology disclosed herein should

be determined by the appended claims and their legal equivalents. Therefore, it will be

appreciated that the scope of the technology disclosed herein fully encompasses other

embodiments which may become obvious to those skilled in the art, and that the scope

of the technology disclosed herein is accordingly to be limited by nothing other than the

appended claims, in which reference to an element in the singular is not intended to

mean "one and only one" unless explicitly so stated, but rather "one or more." All

structural, chemical, and functional equivalents to the elements of the above-described

preferred embodiment that are known to those of ordinary skill in the art are expressly

incorporated herein by reference and are intended to be encompassed by the present

claims. Moreover, it is not necessary for a device or method to address each and every

problem sought to be solved by the technology disclosed herein, for it to be

encompassed by the present claims. Furthermore, no element, component, or method

step in the present disclosure is intended to be dedicated to the public regardless of

whether the element, component, or method step is explicitly recited in the claims. No

claim element herein is to be construed under the provisions of 35 U.S.C. 112, sixth

paragraph, unless the element is expressly recited using the phrase "means for."



WHAT IS CLAIMED IS:

1. A user equipment (UE) comprising:

a receiver configured to detect a first sidelink synchronization signal; and

a controller configured to acquire, from the physical sidelink channel,

information specifying whether or not a source of the first sidelink synchronization

signal is in-coverage; wherein

the first sidelink synchronization signal is generated by using at least a first

identity.

2 . The user equipment (UE) of claim 1, wherein

the first sidelink synchronization signal is generated by further using a second

identity,

a range of the first identity is [0, 1], and

a range of the second identity is [0-167].

3 . The user equipment (UE) of claim 2, wherein

a value "0" of the first identity corresponds to in-coverage and

a value "1" of the first identity corresponds to out-of-coverage.

4 . The user equipment (UE) of claim 1, wherein

a root index of a sequence for the first sidelink synchronization signal is

determined by using at least the first identity.

5 . The user equipment (UE) of claim 1, further comprising:

a generator configured to generate a second sidelink synchronization signal; and

a transmitter configured to transmit the physical sidelink channel which carries

information specifying whether or not the UE is in coverage; wherein

the second sidelink synchronization signal is generated by using at least the first

identity.

6 . A user equipment (UE) comprising:

a controller configured to generate a sidelink synchronization signal; and



a transmitter configured to transmit the physical sidelink channel which carries

information specifying whether or not the UE is in coverage; wherein

the sidelink synchronization signal is generated by using at least a first identity .

7 . The user equipment (UE) of claim 6, wherein

the sidelink synchronization signal is generated by furtherusing a second identity,

a range of the first identity is [0, 1], and

a range of the second identity is [0-167].

8. The user equipment (UE) of claim 7, wherein

a value "0" of the first identity corresponds to in-coverage, and

a value "1" of the first identity corresponds to out-of-coverage.

9 . The user equipment (UE) of claim 6, wherein a root index of a sequence for

the sidelink synchronization signal is determined by using at least the first identity.

10. A method in a user equipment (UE), the method comprising:

receiving a first sidelink synchronization signal; and

acquiring, froma physical sidelink channel, information specifying whether or

not a source of the first sidelink synchronization signal is in-coverage;wherein the first

sidelink synchronization signal is generated by using at least a first identity.

11. The method of claim 10, the method further comprising:

generating a second sidelink synchronization; and

transmitting the physical sidelink channel which carries information specifying

whether or not the UE is in coverage; wherein

the second sidelink synchronization signal is generated by using at least the first

identity.

12. A method in a user equipment (UE), the method comprising:

generating a sidelink synchronization signal; and

transmitting a physical sidelink channel which carries information specifying

whether or not the UE is in coverage; wherein

the sidelink synchronization signal is generated by using at least a first identity.
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