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nication in wireless communication systems are provided . A 
user equipment ( UE ) may initiate a direct inter - device 
communication link between UEs located in proximity . The 
UEs participating in the inter - device communications may 
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procedure to set up appropriate transmission parameters for 
the communication over the inter - device communication 
link . A device - to - device radio network temporary identifi 
cation ( DD - RNTI ) may be used for the inter - device com 
munication link . Long term evolution ( LTE ) downlink or 
uplink radio resources may be used for communications 
over the inter - device communication link . 
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DEVICE HANDSHAKE / DISCOVERY FOR over , the direct link between the UEs requires lower transmit 
INTER - DEVICE COMMUNICATION IN power at the UE compared to transmitting to the base 

WIRELESS COMMUNICATION SYSTEMS station , thereby resulting in battery savings at the UES . 
Additionally , communicating over the direct link between 

TECHNICAL FIELD 5 the UEs may improve quality of service ( QoS ) . 
Although the UE may be able to communicate over a 

The present disclosure generally relates to communica direct communication link using other RAT , such as , 
tions in wireless communication systems , and more particu WLAN , Bluetooth , etc . , it requires availability of the ser 
larly , to device handshake / discovery procedure for inter vices of the other RAT and also requires implementation of 
device communications in wireless communication systems . 10 other RAT at the UE . Furthermore , service interruptions and 

dropped calls may result from switching or handover 
BACKGROUND between different RATs . Therefore , it may be advantageous 

to enable communications over the inter - device communi 
In wireless networks such as Long Term Evolution ( LTE ) cation link using the same cellular radio access technology 

and LTE - Advanced communication networks , a user equip - 15 and operating in the same radio band . 
ment ( UE ) may communicate with other UEs via a base Reference will now be made in detail to example 
station and an evolved packet core ( EPC ) network . For approaches implemented according to the disclosure ; the 
example , a UE may send data packets to its serving base examples are illustrated in the accompanying drawings . 
station on an uplink . The serving base station may forward Wherever possible , the same reference numbers will be used 
the data packets to the EPC network and the EPC network 20 throughout the drawings to refer to the same or like parts . 
may forward the data packet to another base station or to the FIG . 1 illustrates an example cellular wireless communi 
same base station that is serving another UE . Data transfer cation system 100 in which systems and methods consistent 
between the UEs is routed through the base station and the with this disclosure may be implemented . The cellular 
EPC . The communication between the UEs is controlled by network system 100 shown in FIG . 1 includes one or more 
the policies set by the operator administering the network . 25 base stations ( i . e . , 112a and 112b ) . In the LTE example of 

The UEs may communicate directly with each other using FIG . 1 , the base stations are shown as evolved Node Bs 
other radio access technology ( RAT ) , such as , wireless local ( ENBs ) 112a and 112b , although base stations operate in any 
area network ( WLAN ) or Bluetooth when the UEs are wireless communications system , including for example , 
located in close proximity and have access to the other RAT . macro cell , femto cell , relay cell , and pico cell . Base stations 
However , this requires the availability of the other RAT and 30 are nodes that can relay signals for mobile devices , also 
the capability of the UEs to operate in the other RAT . referred to herein a user equipment , or other base stations . 
Moreover , handover from cellular technology to other RATS The base stations are also referred to as access node devices . 
may result in service interruption and dropped calls . The example LTE telecommunications environment 100 of 

FIG . 1 includes one or more radio access networks 110 , core 
BRIEF DESCRIPTION OF THE DRAWINGS 35 networks ( CNS ) 120 , and external networks 130 . In certain 

implementations , the radio access networks may be Evolved 
The accompanying drawings , which are incorporated in Universal Terrestrial Radio Access Networks ( EUTRANs ) . 

and constitute part of this specification , and together with the In addition , core networks 120 may be evolved packet cores 
description , illustrate and serve to explain various embodi ( EPCs ) . Further , as shown , one or more mobile electronic 
ments . 40 devices 102a , 102b operate within the LTE system 100 . In 

FIG . 1 illustrates an example cellular wireless communi some implementations , 2G / 3G systems 140 , e . g . , Global 
cation system in which methods and systems consistent with System for Mobile communication ( GSM ) , Interim Standard 
the present disclosure may be implemented . 95 ( IS - 95 ) , Universal Mobile Telecommunications System 

FIG . 2 illustrates an example access node device , in ( UMTS ) and Code Division Multiple Access ( CDMA2000 ) 
accordance with an embodiment of the present disclosure . 45 may also be integrated into the LTE telecommunication 

FIG . 3 illustrates an example user equipment device , in system 100 . 
accordance with an embodiment of the present disclosure . In the example LTE system shown in FIG . 1 , the 

FIG . 4 illustrates a flow diagram of an example method EUTRAN 110 includes eNB 112a and eNB 112b . Cell 114a 
for initiating an inter - device communication link consistent is the service area of eNB 112a and Cell 114b is the service 
with the present disclosure . 50 area of eNB 112b . User equipment ( UE ) 102a and 1026 

FIG . 5 illustrates a flow diagram of an example device operate in Cell 114a and are served by eNB 112a . The 
handshake procedure , in accordance with an embodiment of EUTRAN 110 can include one or more eNBs ( e . g . , eNB 
the present disclosure . 112a and eNB 112b ) and one or more UEs ( e . g . , UE 102a 

and UE 102b ) can operate in a cell . The eNBs 112a and 112b 
DETAILED DESCRIPTION 55 communicate directly to the UEs 102a and 102b . In some 

implementations , the eNB 112a or 112b may be in a one 
The present disclosure is directed to systems , methods , to - many relationship with the UEs 102a and 102b , e . g . , eNB 

and apparatuses for inter - device communication in cellular 112a in the example LTE system 100 can serve multiple UEs 
wireless communication systems . In the current cellular ( i . e . , UE 102a and UE 102b ) within its coverage area Cell 
communication system , data transfer between UEs has to be 60 114a , but each of UE 102a and UE 102b may be connected 
routed through a base station and a core network . When UE to one serving eNB 112a at a time . In some implementations , 
located in close proximity communicate with each other , it the eNBs 112a and 112b may be in a many - to - many rela 
would be advantageous for the UEs to communicate via a tionship with the UEs , e . g . , UE 102a and UE 102b can be 
direct inter - device communication link between them , connected to eNB 112a and NB 112b . The eNB 112a may 
instead of transferring the data via a network . By providing 65 be connected to eNB 112b such that handover may be 
a direct inter - device communication link between the UEs , conducted if one or both of the UEs 102a and 102b travels , 
improved overall spectral efficiency may be achieved . More - e . g . , from cell 114a to cell 114b . The UEs 102a and 102b 
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may be any wireless electronic device used by an end - user Network ( RAN ) included in an LTE telecommunications 
to communicate , for example , within the LTE system 100 . system 100 is called an EUTRAN 110 . The EUTRAN 110 

The UEs 102a and 102b may transmit voice , video , can be located between the UEs 102a , 102b and EPC 120 . 
multimedia , text , web content and / or any other user / client The EUTRAN 110 includes at least one eNB 112a or 112b . 
specific content . The transmission of some content , e . g . , 5 The eNB can be a radio base station that may control all , or 
video and web content , may require high channel throughput at least some , radio related functions in a fixed part of the 
to satisfy the end - user demand . In some instances , however , system . One or more of eNB 112a or 112b can provide radio 
the channel between UEs 102a , 102b and eNBs 112a , 112b interface within their coverage area or a cell for the UEs 
may be contaminated by multipath fading due to the mul - 102a , 102b to communicate . The eNBs 112a and 112b may 
tiple signal paths arising from many reflections in the 10 be distributed throughout the cellular network to provide a 
wireless environment . Accordingly , the UEs ' transmission wide area of coverage . The eNBs 112a and 112b may 
may adapt to the wireless environment . In short , the UEs directly communicate with one or more UEs 102a , 102b , 
102a and 102b may generate requests , send responses or other eNBs , and the EPC 120 . 
otherwise communicate in different means with Evolved The eNBs 112a and 112b may be the end point of the radio 
Packet Core ( EPC ) 120 and / or Internet Protocol ( IP ) net - 15 protocols towards the UEs 102a , 102b and may relay signals 
works 130 through one or more eNBs 112a and 112b . between the radio connection and the connectivity towards 

In some implementations consistent with the present the EPC 120 . The communication interface between the 
disclosure , the UEs 102a and 102b may communicate over eNB and the EPC is often referred to as an S1 interface . In 
an inter - device communication link when they are located in certain implementations , EPC 120 is a central component of 
close proximity to one another , without routing the data 20 a core network ( CN ) . The CN can be a backbone network , 
through the eNB 112a . The boundary of the distance of the which may be a central part of the telecommunications 
inter - device communication link may be limited by the system . The EPC 120 can include a mobility management 
transmission power of the UEs . In one example , close entity ( MME ) , a serving gateway ( SGW ) , and a packet data 
proximity could be a few meters . In another example , close network gateway ( PGW ) . The MME may be the main 
proximity could be tens of meters . It is also possible that in 25 control element in the EPC 120 responsible for the func 
certain circumstances , the close proximity may mean larger tionalities comprising the control plane functions related to 
distance such as hundreds of meters . For example , the UEs subscriber and session management . The SGW can serve as 
102a and 102b may communicate directly over the inter - a local mobility anchor , such that the packets are routed 
device communication link 104 , instead of communicating through this point for intra EUTRAN 110 mobility and 
with each other through their links with the eNB 112a , i . e . , 30 mobility with other legacy 2G / 3G systems 140 . The SGW 
106 and 108 respectively . The inter - device communication functions may include the user plane tunnel management 
link may also be referred to as a device - to - device ( D2D ) and switching . The PGW may provide connectivity to the 
communication link . The UEs 102a and 102b may simul - services domain comprising external networks 130 , such as 
taneously maintain an active communication link with the the IP networks . The UEs 102a , 102b , EUTRAN 110 , and 
eNB 112a such that the UEs 102a and 102b may still receive 35 EPC 120 are sometimes referred to as the evolved packet 
messages from the eNB or other UEs , when communicating system ( EPS ) . It is to be understood that the architectural 
with each other over the direct inter - device link . evolvement of the LTE system 100 is focused on the EPS . 

Examples of UEs include , but are not limited to , a mobile The functional evolution may include both EPS and external 
phone , a smart phone , a telephone , a television , a remote networks 130 . 
controller , a set - top box , a computer monitor , a computer 40 Though described in terms of FIG . 1 , the present disclo 
( including a tablet computer such as a BlackBerry® Play - sure is not limited to such an environment . In general , 
book tablet , a desktop computer , a handheld or laptop cellular telecommunication systems may be described as 
computer , a netbook computer ) , a personal digital assistant cellular networks made up of a number of radio cells , or cells 
( PDA ) , a microwave , a refrigerator , a stereo system , a that are each served by a base station or other fixed trans 
cassette recorder or player , a DVD player or recorder , a CD 45 ceiver . The cells are used to cover different locations in order 
player or recorder , a VCR , an MP3 player , a radio , a to provide radio coverage over an area . Example cellular 
camcorder , a camera , a digital camera , a portable memory telecommunication systems include Global System for 
chip , a washer , a dryer , a washer / dryer , a copier , a facsimile Mobile Communication ( GSM ) protocols , Universal Mobile 
machine , a scanner , a multi - functional peripheral device , a Telecommunications System ( UMTS ) , 3GPP Long Term 
wristwatch , a clock , and a game device , etc . The UE 102a 50 Evolution ( LTE ) , and others . In addition to cellular telecom 
or 102b may include a device and a removable memory munication systems , wireless broadband communication 
module , such as a Universal Integrated Circuit Card ( UICC ) systems may also be suitable for the various implementa 
that includes a Subscriber Identity Module ( SIM ) applica tions described in the present disclosure . Example wireless 
tion , a Universal Subscriber Identity Module ( USIM ) appli - broadband communication systems include IEEE 802 . 11 
cation , or a Removable User Identity Module ( R - UIM ) 55 WLAN , IEEE 802 . 16 WiMAX network , etc . 
application . Alternatively , the UE 102a or 102b may include FIG . 2 illustrates an example access node device 200 
the device without such a module . The term “ UE ” can also consistent with certain aspects of this disclosure . The access 
refer to any hardware or software component that can node device 200 includes a processing module 202 , a wired 
terminate a communication session for a user . In addition , communication subsystem 204 , and a wireless communica 
the terms “ user equipment , " " UE , " " user equipment device , " 60 tion subsystem 206 . The processing module 202 can include 
" user agent , ” “ UA , ” “ user device , ” and “ mobile device " can one or more processing components ( alternatively referred 
be used synonymously herein . to as " processors ” or “ central processing units ” ( CPUs ) ) 

A radio access network is part of a mobile telecommuni - operable to execute instructions associated with managing 
cation system which implements a radio access technology , IDC interference . The processing module 202 can also 
such as Universal Mobile Telecommunications System 65 include other auxiliary components , such as random access 
( UMTS ) , CDMA2000 and 3rd Generation Partnership Proj - memory ( RAM ) , read only memory ( ROM ) , secondary 
ect ( 3GPP ) LTE . In many applications , the Radio Access storage ( for example , a hard disk drive or flash memory ) . 
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Additionally , the processing module 202 can execute certain NAS message may also include information of the other UE 
instructions and commands to provide wireless or wired involved in the direct inter - device communication link . For 
communication , using the wired communication subsystem example , the NAS message may include the UE identifica 
204 or a wireless communication subsystem 206 . One tion ( ID ) information of the other UE , i . e . , UE1 , in the 
skilled in the art will readily appreciate that various other 5 illustrated example . UE0 may obtain UE1 ' s identity by , for 
components can also be included in the example access node example , scanning an ID bar code , which includes UE1 ' s 
device 200 . phone number or other identities . UEO may also obtain 

FIG . 3 illustrates an example user equipment device 300 UE1 ' s identity by other alternatives , such as email , text , 
consistent with certain aspects of the present disclosure . The Near Field Communication ( NFC ) , and so on . UEO and UE1 
example user equipment device 300 includes a processing 10 may also form a group , and information regarding UEs in 
unit 302 , a computer readable storage medium 304 ( for the group may be stored at the UEs . Hence when UEO and 
example , ROM or flash memory ) , a wireless communication UE1 are in close proximity to one another , the ID informa 
subsystem 306 , a user interface 308 , and an I / O interface tion of UEO and UE1 can be obtained to initiate the 
310 . inter - device communication . The group may include more 

The processing unit 302 may include components and 15 than 2 users . For example , an interactive group may consist 
perform functionality similar to the processing module 202 of 10 or more users . The number of users in the group may 
described with regard to FIG . 2 . The wireless communica - be pre - determined by the network . The upper limit on the 
tion subsystem 306 may be configured to provide wireless group size could be pre - set , for example , in the standards or 
communications for data information or control information by the operators . The group member information can be 
provided by the processing unit 302 . The wireless commu - 20 updated when there is a change to the group membership , 
nication subsystem 306 can include , for example , one or such as the addition or deletion of a group member , or a 
more antennas , a receiver , a transmitter , a local oscillator , a change in the information associated with one or more 
mixer , and a digital signal processing ( DSP ) unit . In some members . The group and / or information regarding the group 
implementations , the wireless communication subsystem may be maintained on the application layer . For example , 
306 may receive or transmit information over a direct 25 the application layer could form a new group according to 
inter - device communication link . In some implementations , the user ' s request , change the settings of the groups , delete 
the wireless communication subsystem 306 can support a group , update the membership inside one group , etc . In 
MIMO transmissions . another example , some predefined groups could be formed 

The user interface 308 can include , for example , one or for certain users . 
more of a screen or touch screen ( for example , a liquid 30 After receiving the NAS message from UEO , the MME 
crystal display ( LCD ) , a light emitting display ( LED ) , an may forward the UE request to the home subscriber server 
organic light emitting display ( OLED ) , a microelectrome - ( HSS ) in a D2D Link Establishment Request message at 
chanical system ( MEMS ) display , a keyboard or keypad , a 404 . The communication interface between the MME and 
tracking device ( e . g . , trackball , trackpad ) , a speaker , and a the HSS may be referred to as an S6a interface . The MME 
microphone . The I / O interface 310 can include , for example , 35 may also include information about the UE in the D2D Link 
a universal serial bus ( USB ) interface . One skilled in the art E stablishment Request message sent to the HSS at 404 . 
will readily appreciate that various other components can After receiving the message from the MME , the HSS may 
also be included in the example UE device 300 . check the QoS requirements requested by the UE for the 

For UEs to communicate over a direct inter - device com inter - device communication link and send a D2D Link 
munication link , an inter - device communication link is 40 Establishment Response message to the MME at 406 . If the 
enabled between the UEs . The direct inter - device commu - HSS responds negatively to the MME , the MME may send 
nication link allows data exchange between the UEs , with a NAS D2D Link Establishment Response message to UEO 
out routing through the base station and the core network with a negative acknowledgment , indicating an unsuccessful 
Descriptions will now be made about methods for initiating establishment of the inter - device communication link . In the 
the inter - device communication link in the cellular wireless 45 NAS message , the MME may also indicate the cause for the 
communication system , according to certain embodiments rejection . Consequently , UE0 may re - initiate the inter - de 
of the present disclosure . vice communication link based on the cause . 

FIG . 4 illustrates a flow diagram 400 of an example On the other hand , if the HSS responds positively to the 
method for initiating an inter - device communication link MME at 406 , indicating an acceptance of the UEO ' s request 
consistent with the present disclosure . As shown in FIG . 4 , 50 for a direct communication link with UE1 , the MME may 
the establishment of the inter - device communication link subsequently send a D2D Initialization Request message to 
may be initiated by a UE . In the illustrated example method , UEO ’ s serving eNB at 408 for enabling the direct commu 
UEO desires a direct communication link with UE1 , which nication link between UEO and UE1 . The communication 
may be located near UEO . UEO can request the network to interface between the MME and the eNB is referred to as an 
setup a direct communication link with a proximate device , 55 S1 interface . The MME may include the QoS requirements 
for example , to allow users located close by to share data , to of the direct communication link between UEO and UE1 in 
play an interactive game , etc . Thus , UEO sends a non - access the D2D Initialization Request message . The eNB may 
stratum ( NAS ) message to an MME to initiate a direct check the QoS requirements of the requested inter - device 
device - to - device ( D2D ) link with UE1 at 402 . As an link and available radio resources at the eNB . The eNB may 
example , the NAS message to initiate the D2D link with 60 then determine whether the direct communication link 
other UEs may be called a D2D Link Establishment Request between UEO and UE1 can be enabled based on the QoS 
message . m requirements and the available radio resources . Correspond 

The D2D Link Establishment Request message may ingly , the eNB may send a D2D Initialization Request 
include specific information for the direct communication Acknowledgement message to the MME via the S1 appli 
link , for example , bandwidth requirements , data rate infor - 65 cation protocol ( AP ) at 410 , including a positive or negative 
mation , quality of service ( QoS ) information , time duration , acknowledgement . The eNB may include reasons for reject 
etc . , for the direct inter - device communication link . The ing the D2D initialization request in the D2D Initialization 
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Request Acknowledgement message when a negative ful completion of the device handshake procedure . Conse 
acknowledgement is sent to the MME . quently , the MME may communicate the QoS requirements 

If the MME receives a positive acknowledgement from of the direct inter - device link to the serving gateway ( S - GW ) 
the eNB at 410 , the MME may send a D2D Link Establish at 426 . The serving gateway may then forward this Qos 
ment Response message with a positive acknowledgment to 5 information to the policy and charging rules function 
UEO at 412 , indicating an acceptance of the request from ( PCRF ) for charging the UEs at 428 . In some implementa 
UEO to initiate a direct communication link with UE1 . The tions , the MME may communicate the QoS requirements of 
MME may include any changes in the QoS policies in the the direct inter - device link to the PCRF via the S - GW at an 
D2D Link Establishment Response message . If the MME earlier time , for example , subsequent to receiving the posi 
receives a negative acknowledgement from the eNB at 410 , 10 tive acknowledgment from the eNB at 410 . 
the MME may send a D2D Link Establishment Response Upon successful completion of the device handshake 
message with a negative acknowledgment to UEO at 412 , procedure , the eNB may also determine and communicate 
indicating a rejection of the request from UEO to initiate a the specifics of resources to be used for the inter - device link 
direct communication link with UE1 . to UEO and UE1 . The network assisted inter - device com 

When the eNB determines that the direct communication 15 munication between UEO and UE1 may then be conducted 
link between UEO and UE1 may be enabled , the eNB sends over the direct inter - device communication link at 430 . LTE 
a radio resource control ( RRC ) message D2D Connection downlink or uplink radio resources may be used for the 
Setup to UEO at 414 . The eNB may use the Cell radio inter - device communications between the UEs . Because of 
network temporary identity ( C - RNTI ) of UEO to send this the close proximity between the UEs , the signal to interfer 
RRC message to UEO at 414 . The D2D Connection Setup 20 ence plus noise ratio ( SINR ) of the inter - device communi 
message may include transmission parameters for the direct cation link may be higher than the SINRs of links between 
communication link , such as a C - RNTI of UE1 , temporary the UEs and their respective serving base stations , resulting 
transmit point identifications for each UE communicating in better communication quality and more efficient radio 
over the inter - device communication link , minimum and resource usage on the inter - device communication link . 
maximum transmit power levels for transmitting over the 25 In certain instances , the resources assigned by the eNB 
inter - device communication link , a device - to - device radio may be time limited and this time limitation may be set 
network temporary identity ( DD - RNTI ) for identifying the based on the requested application or the UE ' s request for 
direct inter - device link , a transmit power step for the direct specific bandwidth for the direct inter - device link . The UE 
inter - device link , a guard time for the direct inter - device may modify this time limit by , for example , sending another 
link , etc . 30 request or a NAS update request to the MME for extension . 
Subsequent to receiving the D2D Connection Setup mes The MME may send a NAS update response message to the 

sage from the eNB , UEO may send a D2D Connection Setup UE subsequently . The UE may send the NAS update request 
Response message to the eNB at 416 , indicating a successful message to the MME for modification of the time duration 
reception of the D2D Connection Setup message . In another of the inter - device communications , modification to the 
example , the eNB may also send an RRC message D2D 35 quality of service , addition of one or more other UEs to the 
Connection Setup to UE1 which includes the similar infor - inter - device communication link , deletion of one or more 
mation such as DD - RNTI . Subsequent to receiving the D2D UEs from the inter - device communication link , or other 
Connection Setup message from the eNB , UE1 may also updates related to the inter - device communication link . 
send a D2D Connection Setup Response message to the If the UE wishes to terminate the inter - device communi 
eNB , indicating a successful reception of the D2D Connec - 40 cation at an earlier time before the time limit , the UE may 
tion Setup message . After receiving the D2D Connection send a message to the MME and subsequently the MME can 
Setup Response message from both UEO and UE1 , the eNB instruct the eNB to stop the radio resource assignment to the 
may initiate a device handshake procedure with UEO and UE for the inter - device communication . After receiving the 
UE1 at 418 . During this procedure , the UEs identify each message from the MME , the base station may terminate the 
other and initiate link parameter tuning such that a reliable 45 inter - device communication link between the UEs . After the 
communication link can be established between the UEs . inter - device link is terminated , MME / SGW may send a 
On the other hand , if the eNB does not receive the D2D report to the PCRF , reporting the amount of data transmitted 

Connection Setup Response message from UEO or UE1 over on the direct inter - device link , the actual duration of the 
a predetermined time period , the eNB may resend the D2D communication over the direct inter - device link , etc . 
Connection Setup message to UEO or UE1 . After resending 50 As described above , in the initiation of the inter - device 
the D2D Connection Setup for a predetermined number of communication link , device handshake / discovery proce 
times , the eNB may abandon the direct link setup procedure dures are part of the initiation process . The device discovery 
for the link between UEO and UE1 and send a D2D procedure is initiated to check whether the devices can listen 
Initialization Response message to the MME , indicating a to each other ' s transmissions . The device handshake proce 
failure to contact UEO or UE1 . The predetermined number 55 dure is to set up the link parameters of direct inter - device 
could be pre - set , e . g . , by the operators . A prohibit timer communication link to allow the devices to reliably com 
could also be used to regulate the transmission of the D2D municate over the direct link . While a successful device 
Connection Setup messages . Basically , after the eNB sends handshake procedure usually indicates that the UEs are 
out the D2D Connection Setup message , the eNB cannot ready to communicate over the direct link , a completion of 
send another D2D Connection Setup message until the 60 the device discovery procedure may not be an indication of 
prohibit timer is expired . an immediate establishment of the inter - device communi 
Upon successful completion of the device handshake cation link . Nevertheless , the detailed process of the device 

procedure , the eNB may send a D2D Initialization Response handshake procedure and the device discovery procedure are 
message to the MME at 420 , indicating a completion of the largely similar . Thus , it is to be understood that the methods 
device handshake procedure . UEO and UE1 may also send 65 and process described below for the device handshake 
a D2D Link Establishment Acknowledgement message to procedure can also be applied to the device discovery 
the MME at 422 and 424 , respectively , indicating a success - procedure . 
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FIG . 5 illustrates a flow diagram 500b of an example message may be a layer 1 message transmitted over a 
device handshake procedure , in accordance with an embodi physical downlink control channel ( PDCCH ) . As an 
ment of the present disclosure . As shown in FIG . 5 , the eNB example , the initiation message may be a PDCCH message 
may send an RRC D2D Handshake ( HS ) Setup message to using a DD - RNTI . The initiation message may include a 
UEO and UE1 at 502b and 504b , respectively , to set up a 5 cyclic redundancy check ( CRC ) of the PDCCH which may 
device handshake procedure . Subsequently , UEO and UE1 be scrambled by the DD - RNTI . In some implementations , 
may send respective RRC D2D Handshake Setup Response only the UEs aware of the initiation of the inter - device 
messages to the eNB at 506b and 508b , confirming a communication perform decoding of the PDCCH with the 
reception of the RRC D2D Handshake Setup Message . UEO D D - RNTI . A UE which is not actively taking part in the 
and UE1 may then start monitoring the messages from the 10 inter - device communication need not attempt to decode the 
NB for an initiation of the device handshake procedure . PDCCH using a DD - RNTI . In another alternative , the 
The radio resources for sending these RRC messages are initiation message may be a PDCCH message using the 
assigned / granted by the serving eNB via PDCCH using the existing DCI formats . However , additional fields may be 
UE ' s C - RNTIS . added to the existing DCI format . For example , the eNB may 

The RRC D2D Handshake ( HS ) Setup message may 15 send a PDCCH message to UEO . The PDCCH message 
contain transmission / reception parameters associated with a includes at least the resource grant information and MCS 
device handshake . Device handshake transmission / reception information . Additional field is added to indicate that this 
parameters may include : the transmission patterns , transmit PDCCH message is for D2D communication which could be 
point IDs , DD - RNTI etc . The transmission patterns may be a flag indicator . In one example , this flag indicator could be 
indicated by an index of a transmission pattern . For 20 one bit . Another additional field may be added to indicate 
example , a set of transmission patterns may be defined , such whether the UEO is transmitting on the allocated resource 
as in a standards document , with corresponding indices . using the signaled MCS or is receiving on the allocated 
Alternatively specific parameters which may be used to resource using the signaled MCS . Some other additional 
generate the sequence may be indicated . This message may fields may also be added to the existing DCI formats for 
also include an indication whether the uplink ( UL ) radio 25 other D2D communication parameters such as power control 
resources or downlink ( DL ) radio resources are assigned for information . The quality test procedure may be initiated by 
handshake procedure . Furthermore , this message may also the eNB multiple times before sending the S1AP : D2D Init 
include a feedback descriptor for the UEs to include specific Resp 420 to the MME . 
parameters in the D2D handshake ( HS ) Response message . The initiation message may also include a temporary ID 
For example , the feedback descriptor may include signal 30 of the transmit point ( TP ) . The transmit point means the UE 
quality or received signal strength indicator measured over that is allowed to transmit on the inter - device communica 
the received transmission pattern from the other device . This tion link . A temporary transmit point ID is assigned to each 
message may also indicate the number of transmissions of UE participating in the direct link communication during the 
transmission patterns from each device and / or the periodic initiation of the inter - device communication link . For 
ity of these transmissions . The receiving UE may wait to 35 example , the temporary transmit point IDs for UEs partici 
receive all the transmitted patterns and average the received pating in the direct link communication may be included in 
quality / strength over all the receptions and include that the D2D Connection Setup message sent from the eNB to 
measure as specified in the feedback descriptor in the D2D the UE prior to the device handshake procedure . Alterna 
HS Response message . tively , the temporary transmit point IDs for UEs participat 
Next , a quality test procedure 522b may be performed by 40 ing in the direct link communication may be included in the 

one or more of UEO , UE1 , and the eNB over the direct D2D HS Setup message sent from the eNB to the UE prior 
communication link . The quality test procedure can be to the device handshake procedure . In the initiation message 
considered as a part of the device handshake procedure . The for the device handshake procedure , the eNB may include a 
quality test procedure may include a number of message temporary TP ID of the UE which is to transmit over the 
exchanges between UE1 and UEO over the direct commu - 45 direct inter - device communication link . As shown , for 
nication link between UE1 and UEO . Various synchroniza example , a temporary TP ID of UEO is included in the 
tion functions between the UEs may be established during PDCCH message 510b , indicating that UEO is the UE 
the quality test procedure . transmitting over the direct link with the allocated resources 

As an initiation of the device handshake procedure and in the PDCCH message . Correspondingly , UE1 is the UE 
the quality test procedure , the eNB may send an initiation 50 listening / receiving over the direct link on the allocated 
message to UEO and UE1 at 510b . The initiation message resources in the PDCCH message . 
may include dedicated downlink ( DL ) or uplink ( UL ) The format of the PDCCH message 510b may be similar 
resources to UE1 or UEO such that UE1 and UE0 may use to the PDCCH message defined in LTE or LTE - Advanced . 
the assigned DL or UL resources for an initial handshake . Additionally or alternatively , a field may be added to , or 
The initiation message may use a downlink control infor - 55 modified within , the downlink control information ( DCI ) 
mation ( DCI ) format which includes an indicator indicating format to indicate the temporary ID of a transmit point . For 
that a transmission pattern is to be transmitted over the example , the PDCCH message 510b may indicate the trans 
inter - device communication link . The transmission may be mit point ID of UE0 in the DCI format such that UEO will 
a predetermined transmission pattern or a transmission pat - transmit over the inter - device communication link after 
tern configured by the eNB , The indicator may be a one - bit 60 receiving the PDCCH message . In some implementations , 
indicator or multi - bit indicator . The initiation message may an additional field may be added to the DCI format , indi 
have an implicit or explicit indication about whether the cating that this DCI format is for an inter - device commu 
radio resource grant is for UL or DL resources . The initiation nication and may also indicate whether the corresponding 
message may also use a DCI format which includes a field UE is transmitting or receiving . For example , when UEO 
indicatinag at least one transmission mode or reception 65 detects a DCI format with this additional field which indi 
mode over the inter - device communication link . The initia cates “ transmitting ” , UEO may transmit the data using the 
tion message may include a resource grant and the initiation allocated resources at a subframe which is N subframes later 
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than the PDCCH message . N may be predetermined to be 4 TABLE 1 
or other number . Likewise , when UEO detects a DCI format 

DD - RNTI Values with the additional field which indicates " receiving ” , UEO 
may receive the data in the allocated resources N subframes Value 
later . 5 ( hexa - decimal ) RNTI 

After receiving the initiation message for a device hand 0000 N / A 
shake procedure , UE0 may transmit a predetermined pattern 0001 - 003C RA - RNTI , C - RNTI , Semi - Persistent Scheduling 
at 512b , as UEO is identified to be the transmit point in the C - RNTI , Temporary C - RNTI , TPC - PUCCH - RNTI and 
initiation message 510b . LTE downlink or uplink resources TPC - PUSCH - RNTI , DD - RNTI 

003D - FFF3 C - RNTI , Semi - Persistent Scheduling C - RNTI , may be used for the transmission of the predetermined Temporary C - RNTI , TPC - PUCCH - RNTI and 
pattern . The predetermined pattern may have good correla TPC - PUSCH - RNTI , DD - RNTI 
tion properties such that UE1 may be able to tune its timing FFF4 - FFFC Reserved for future use 

FFFD M - RNTI and carrier frequency based on the predetermined pattern . P - RNTI 
The predetermined pattern may be transmitted after a pre - 16 FFFF SI - RNTI 
determined time period subsequent to the reception of the 
initiation message , for example , 4 subframes after the recep When a UE is involved in an inter - device communication , tion of the initiation message . The predetermined patterns a DD - RNTI may be allocated to the UE for this inter - device may be included in the D2D Connection Setup message sent communication . Different inter - device communications may from the eNB to the UE ( s ) prior to the device handshake 20 hay usnake 20 have the same or different DD - RNTIs . In an extreme case , procedure . all inter - device communications may share the same DD If UE1 successfully decodes the transmission 512b from RNTI and an additional field in the DCI format may identify UEO , UE1 may send an RRC D2D HS Response message to 
the eNB at 514b , indicating the successful detection . The a transmitting party or a receiving party of the particular 

inter - device communication . In some implementations , each resources for the RRC D2D HS Response message may be 25 
granted by the eNB in advance . For example , the resource inter - device communication may have a different DD - RNTI . 

The eNB needs to notify the UEs involved in the inter grant for the RRC D2D HS Response message may be 
included in the initial PDCCH grant 510b for the inter device communication of the specific DD - RNTI when set 
device communication . In some implementations , UE1 may ting up the inter - device communication for the UEs . In some 
also report an inferior channel quality indicator ( COI ) , a 30 other implementations , DCI formats can be used for the 
rank indicator ( RI ) , or one or more parameters reflecting the PDCCH messages for the inter - device communication link . 
channel condition , in the HS Response message . The eNB Medium access control ( MAC ) control element may be used 
may request modification to the D2D transmission respon - for the resource allocation of the inter - device communica 
sive to receiving the report from the UE1 . For example , the tion link and may be transmitted in a physical downlink 
eNB may request the transmitting UE , i . e . , UEO , to adjust its 35 shared channel ( PDSCH ) . 
transmit power in the subsequent transmissions . In some implementations , when more than two UEs are 

Similar to 5106 , the eNB may send a PDCCH message to involved in the inter - device communications , for any 
UEO and UE1 to indicate that the transmit point ID is UE1 resource grant from the serving cell , only one UE will be 
at 516b . After receiving the PDCCH message from the eNB , transmitting while all other UEs are listening . The UEs that 
UEI may transmit the predetermined pattern to UEO over 40 intend to transmit may request the resource from the eNB via 
the inter - device communication link at 518b . If UEO suc the scheduling request ( SR ) , buffer status report ( BSR ) , or 
cessfully decodes the transmission 518b from UE1 , UEO the random access channel . A special layer 1 channel may be may send an RRC D2D HS Response message to the eNB designed for this purpose or the current SR channel could be at 520b , indicating the detection success . The resources for modified . In one alternative , a SR channel shared by mul the RRC D2D HS Response message may be granted by the 45 tiple users may be designed in order to reduce the signaling eNB in advance . For example , the resource grant for the overhead . The eNB may then determine which UE is granted RRC D2D HS Response message may be included in the 
PDCCH grant 516b for the inter - device communication . In resources to transmit during a particular subframe or sub 
some implementations , UEO may also report an inferior frames . The UEs that do not receive resources may request 
COI , an RI , or one or more parameters reflecting the channel 50 the resource again at a later time . 
condition , in the HS Response message . The eNB may In some scenarios , two UEs are located close enough to In some scenarios , two UEs are located close enough to 
request modification to the D2D transmission responsive to establish a direct link between them , although each UE 
receiving the report from the UEO . For example , the eNB belonging to a different serving eNB . This may occur when 
may request the transmitting UE , i . e . , UE1 , to adjust its the two UEs are located in the cell edge of the respective 
transmit power in future transmissions . 55 serving cells . To establish a direct inter - device communica 

In the above described device handshake / discovery pro - tion link between them , the serving eNB may initiate a 
cedure , the DD - RNTI may be used to identify the inter handover procedure and move both UEs to the same serving 
device communication . The UEs may recognize that the NB . In some implementations , a group of C - RNTIs may be 
resource grants are dedicated for inter - device communica - reserved at both serving cells for the inter - device commu 
tion when the resource grants are decoded using the DD - 60 nication . The same DD - RNTI may be assigned to the UEs by 
RNTI . their respective serving eNBs / cells . The PDCCH message 

Table 1 below includes an example of DD - RNTI values . for the resource allocation of the inter - device link may be 
As shown , a set of RNTI values may be reserved for the transmitted by a single serving eNB . During the direct 
DD - RNTI . The DD - RNTI may be set to have predetermined inter - device communication , both UEs may listen to the 
hexadecimal values ranging from 0001 to FFF3 . Note that 65 same eNB for resource allocation for the inter - device com 
the DD - RNTI values shown here are only for illustration munication link and maintain a communication link with 
purpose . The DD - RNTI values could be other values . their respective serving cells simultaneously . 



US 9 , 826 , 381 B2 
13 14 

The systems and methods described above may be imple determining a signal quality of received signal associated 
mented by any hardware , software or a combination of with the transmission from the second UE to the first 
hardware and software having the above described func UE ; and 
tions . The software code , either in its entirety or a part sending a response message to the base station associated 
thereof , may be stored in a computer readable memory . 5 with the device - to - device handshake procedure , 

While several implementations have been provided in the wherein the response message includes the determined 
present disclosure , it should be understood that the disclosed signal quality and instructs the base station to send a 
systems and methods may be implemented in many other message to the second UE to adjust a transmitting 

power of the transmission from the second UE to the specific forms without departing from the scope of the 
present disclosure . The present examples are to be consid first UE based on the determined signal quality . 

2 . The method of claim 1 , wherein the initiation message ered as illustrative and not restrictive , and the intention is not from the base station is received using a downlink control to be limited to the details given herein . For example , the information ( DCI ) format which includes a field indicating various elements or components may be combined or inte that the initiation message is for the inter - device communi grated in another system or certain features may be omitted , 15 cation link 
or not implemented . Method steps may be implemented in 3 . The method of claim 1 , wherein the initiation message 
an order that differs from that presented herein . from the base station includes a transmit point identification 

Also , techniques , systems , subsystems and methods associated with the second UE . 
described and illustrated in the various implementations as 4 . The method of claim 1 , wherein the inter - device 
discrete or separate may be combined or integrated with 20 connection setup message is a radio resource control ( RRC ) 
other systems , modules , techniques , or methods without inter - device connection setup message , and the method 
departing from the scope of the present disclosure . Other further comprising : 
items shown or discussed as coupled or directly coupled or sending a RRC inter - device connection setup response 
communicating with each other may be indirectly coupled or message to the base station . 
communicating through some interface , device , or interme - 25 5 . The method of claim 4 , wherein the RRC inter - device 
diate component , whether electrically , mechanically , or oth - connection setup message includes at least one of : 
erwise . Other examples of changes , substitutions , and altera a set of predetermined transmit patterns ; 
tions are ascertainable by one skilled in the art and could be a feedback descriptor ; 
made without departing from the spirit and scope disclosed or 
herein . 30 a guard time . 

While the above detailed description has shown , 6 . The method of claim 1 , wherein the response message 
described , and pointed out the fundamental novel features of indicates a completion of the device - to - device handshake 
the disclosure as applied to various implementations , it will procedure . 
be understood that various omissions and substitutions and 7 . The method of claim 1 , wherein the transmission with 
changes in the form and details of the system illustrated may 35 the predetermined pattern is received over the inter - device 
be made by those skilled in the art , without departing from communication link using long term evolution ( LTE ) down 
the intent of the disclosure . link resources . 

8 . The method of claim 1 , wherein the transmission with 
What is claimed is : the predetermined transmission pattern is received over the 
1 . A method for wireless communication , comprising : 40 inter - device communication link using long term evolution 
receiving , at a first user equipment ( UE ) , an inter - device ( LTE ) uplink resources . 

connection setup message from a base station , wherein 9 . The method of claim 1 , wherein the initiation message 
the inter - device connection setup message is received from the base station is received using a downlink control 
using a cell radio network temporary identity ( C - RNTI ) information ( DCI ) format which includes an indicator indi 
of the first UE and includes a device - to - device radio 45 cating that the predetermined transmission pattern is to be 
network temporary identity ( DD - RNTI ) identifying an transmitted over the inter - device communication link . 
inter - device communication link between the first UE 10 . The method of claim 1 , wherein the initiation message 
and a second UE , and the DD - RNTI is different than from the base station is received using a downlink control 
the C - RNTI of the first UE ; information ( DCI ) format which includes a field indicating 

receiving , at the first UE , an initiation message from the 50 at least one transmission mode or reception mode over the 
base station for initiating a device - to - device handshake inter - device communication link . 
procedure between the first UE and the second UE , 11 . A method at a base station , comprising : 
wherein the initiation message allocates a resource for transmitting an inter - device connection setup message to 
a transmission from the second UE to the first UE with a first user equipment ( UE ) , wherein the inter - device 
a predetermined transmission pattern , the initiation 55 connection setup message is transmitted using a cell 
message includes an indicator that explicitly indicates radio network temporary identity ( C - RNTI ) of the first 
whether the allocated resource is an uplink ( UL ) radio UE and includes a device - to - device radio network 
resource or a downlink ( DL ) radio resource , the first temporary identity ( DD - RNTI ) identifying an inter 
UE receives the initiation message using the DD - RNTI , device communication link between the first UE and a 
the second UE receives a second initiation message 60 second UE , and the DD - RNTI is different than the 
from the base station , the second initiation message C - RNTI of the first UE ; 
indicates the resource for the transmission from the transmitting an initiation message to the first UE for 
second UE to the first UE , and the second UE receives initiating a device - to - device handshake procedure 
the second initiation message using the DD - RNTI ; between the first UE and the second UE , wherein the 

receiving the transmission with the predetermined trans - 65 initiation message allocates a resource for a transmis 
mission pattern from the second UE over the inter sion from the second UE to the first UE with a 
device communication link ; predetermined transmission pattern , the initiation mes 
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sage includes an indicator that explicitly indicates 15 . The method of claim 11 , wherein the initiation mes 
whether the allocated resource is an uplink ( UL ) radio sage includes a transmit point identification of the second 
resource or a downlink ( DL ) radio resource , and the UE . 
initiation message is transmitted using the DD - RNTI ; 16 . The method of claim 11 , wherein the initiation mes 

5 sage sent from the base station uses a downlink control transmitting a second initiation message to the second 5 information ( DCI ) format which includes an indication that UE , the second initiation message indicates the the initiation message is for the inter - device communication resource for the transmission from the second UE to the 
first UE , and the second initiation message is transmit 17 . The method of claim 11 , wherein the inter - device 
ted using the DD - RNTI ; and connection setup message is a radio resource control ( RRC ) 

receiving a response message from the first UE associated inter - device connection setup message , and the method 
with the device - to - device handshake procedure , further comprising : 
wherein the response message includes a signal quality receiving a RRC inter - device connection setup response 
of received signal at the first UE associated with the message from the first UE . 
transmission from the second UE to the first UE ; 18 . The method of claim 11 , wherein the response mes 15 in response to receiving the response message , sending a s age indicates a completion of the device - to - device hand 
message to the second UE to adjust a transmitting shake procedure . 
power of the transmission from the second UE to the 19 . The method of claim 11 , wherein the initiation mes 

sage sent from the base station uses a downlink control first UE based on the received signal quality . 
12 . The method of claim 11 , wherein the initiation mes - 20 information ( DCI ) format which includes an indication that 

a predetermined transmission pattern is to be transmitted sage includes the predetermined transmission pattern for the 
second UE to transmit over the inter - device communication over the inter - device communication link . 

20 . The method of claim 11 , wherein the initiation mes 
13 . The method of claim 11 , wherein the resource allo sage from the base station is transmitted using a downlink 

cation allocates long term evolution ( LTE ) downlink 25 control information ( DCI ) format which includes a field 
indicating at least one transmission mode or reception mode resources . 

14 . The method of claim 11 , wherein the resource allo over the inter - device communication link . 
cation allocates long term evolution ( LTE ) uplink resources . * * * * * 

link . 


